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1 Uvod

Jako vétSina praci z oblasti environmentalnich véd za¢ina tento text konstatovanim zavaznosti stavu
planety. Environmentalni disciplina, a v dnesni dob€ i mnoho souvisejicich hnuti a perspektiv
zabyvajicich se zivotnim prostfedim, vznikla a vyviji se v odezvu na soucasny neutéSeny a rapidné se
zhorsujici stav lidstva, pfic¢emz jeji aspiraci je prispét ke snaze tento trend zpomalit a zvratit. Jednoducha
feSeni neexistuji, ani porozuméni pficindm problému neni Casto snadné; komplexita vztahu cloveka a
biosféry zatim unika rozliSovaci schopnosti védeckych nastrojii, které mame k dispozici. ReSeni
palcivého problému lezi nékde na pomezi mezi kulturou a piirodou, spole¢enskymi a pfirodnimi védami,
jak si environmentélni védci v poslednich dekédach stale vice uvédomuji (Mooney et al., 2013).
Spolecenské a pfirodni védy se po mnoho let stavély do protichidnych pozic, coz retardovalo vyvoj
poznani v environmentalnich védach, konkrétné studium interakci mezi ¢lovékem a ptirodou (Folke et
al., 2016; Preiser et al., 2018). Pozadavek na integraci obou védeckych paradigmat vychazeji
z predpokladu, ze spolecenské procesy jsou z velké ¢asti pfi¢inou a hnacim motorem zmén, které se déji
v biosféfe a atmosféie nasi planety Zemé, a je jich zahrnuti to védeckych konceptl je proto naprostou
nezbytnosti k pochopeni a zvladnuti komplexni situace ve které se nalézame (Preiser et al., 2018).

Realita postupujici zmény klimatu vSak zpasobuje ve védecké komunité rostouci deziluzi ohledné
smysluplnosti védecké prace'jakozto procesu akumulace informaci. V souasné situaci se jednim
z dulezitych kritérii kvality nebo hodnoty védy o udrzitelnosti stava jeji schopnost vést k zasadni
kolektivni zmén¢ chovani (Miller et al., 2014; Opdam 2020). VSeobecna neochota ke zméné piistupu
tvari v tvar faktim v mnoha oblastech poukazuje na moznou krizi, ve které se tato disciplina nachazi 2.
Existujici mezera mezi védeckymi poznatky a jejich aplikaci v praxi je Siroce pfijimand (napt. Burbridge
et al. 2011; Tkachenko et al. 2017), v€etné disciplin jako je studium ekosystémovych sluzeb (Wright et
al., 2017), ochrana biodiversity (Toomey et al., 2017), krajinné ekologie (Opdam et al., 2018) a véda o
udrzitelnosti (Miller et al., 2014). Mezi hlavni divody této nekonsistence se obecné povazuje tzv.
linearni model pfenosu informace, kdy badatel slouzi jako jednosmérny poskytovatel znalosti bez
aktivni Gcasti v praktické aplikaci znalosti zajmovymi skupinami (Bertuol-Garcia et al. 2018). Je znamo,
7ze samotna akumulace znalosti neni dostatecna ke zméné chovani (Palmer 2012) a forma
zprostfedkovani znalosti hraje neméné dulezitou roli (Turnhout et al., 2013). Ukazuje se, ze vyzkumnici
nekdy sleduji jiné cile a potieby nez ti, kteti maji védecké vysledky vyuzivat v praxi. Zatimco védci se
typicky snazi pfevést poznatky na abstraktni kategorie tak, aby zapadaly do jejich konceptudlnich
modeld, ti, ktefi maji védecké poznatky vyuzivat zajimaji o aplikaci v lokalnim kontextu (Hernandez-
Morcillo et al., 2017; Opdam 2020).

Béhem poslednich dekad se jako alternativni model zacal prosazovat tzv. oboustranny model pfenosu
informace, kdy se badatel u¢i jaky typ a format informace je pro cilovou skupinu nejlépe vyuzitelny,
pri¢emz tento pfistup je obzvlast relevantni v environmentalnich védach (Van Kerkhoff and Lebel 2006;
Reed et al. 2014). V ramci takového pfistupu je nutno pocitat nejen s pozadavky objektivni védy, ale i
se subjektivnim vnimanim piijemct znalosti. Z vyzkumi je totiz patrné, ze védci chapou védecké
koncepty zcela jinak nez laikové, coz predstavuje prekazku v pfenosu informace, ptipadné tato
inkoherence mezi interpretacemi pojmi mutize vést k zdsadnimu ovlivnéni vysledkl badani, zejména
pokud se hodnoti percepce napt. krajinnych hodnot nebo biodiversity u zkoumanych skupin vetrejnosti
(Bernardo et al., 2021). Prizptisobeni znalosti piijemcim totiz zada, aby védec ,,sestoupil® na jejich
uroven, Casto aby byl schopen prelozit védecké koncepty a Zzargon do jazyka pfijemcii z fad laikl a
hlavnég, aby dokazal informace formulovat v kontextu vyznamu a souvislosti, ve kterych jsou piijemci

1 https://www.resilience.org/stories/2022-01-11/scientists-call-for-a-moratorium-on-climate-change-research-
until-governments-take-real-action/

2 https://www.nature.com/articles/d41586-021-02990-w
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informace zvykli uvazovat (Preiser et al., 2018). Opdam (2020) v navaznosti na vySe zminény
pozadavek, aby informace vedly k adekvatni zmén€ jednani (smérem k udrzitelnosti) navrhl 4 kroky:

1. aktéfi vnimaji informace jako vyznamné vzhledem k jejich zastavanym hodnotam a zajmtm,

2. informace jsou pro n¢ prakticky vyuzitelné v kontextu témat, ktera realné resi,

3. informace vedou k posileni budovani spolecenskych struktur a posiluji sdilené hodnoty
udrzitelnosti jako spole¢ného zajmu a

4. informace pfispiva k schopnosti prosadit zménu a tim padem posiluje pocit schopnosti situaci
zmeénit vlastnimi silami (pozn. ,, self-efficacy )

Jak zmitiuje Clark (2007), véda o udrzitelnosti je nejlépe uchopitelna ne jako zékladni vyzkum, ani
aplikovany, ale jako vyzkum inspirovany uzivateli (,,use-inspired basic research®).

Vyse uvedenymi argumenty se snazim poukazat na nutnost védy vystoupit ze své , komfortni zény* do
svéta, ve kterém ziji a uvazuji skutecni lidé. V terminech filosofie védy se jednd o propojeni mezi védou,
ktera si klade za cil popis ,,objektivni* reality a tou, kterd se zaméetuje na subjektivni percepci lidmi.
Vyhody integrace obou ptistuptl jsou i metodické, jelikoz lidé jsou s environmentalnimi aspekty v misté
svého bydlisté velmi dobie obeznameni skrze znalost a zkuSenost a mohou poskytnou cenné udaje o
stavu piirody bez vysokych finan¢nich, ¢asovych a technickych narokd (Hedblom et al., 2020; Manuel-
Navarrete et al., 2021). Pfesto otazka, kterou se zde snazim predestiit se netyka jen spravné kombinace
pfirodnich a spolecenskych metod, ale podstaty metodologie védecké prace jako takové.

Tato radikalni otazka vychazi z cetnych zjisténi, popisujici zasadni nesoulad mezi vnimanim svéta (napf.
pojem biodiversity) védci a laickou vetejnosti (napt. Fisher a Young, 2007). Tento nesoulad poukazuje
na zjisténi, ze védecké chapani svéta neni jediné, ze neni ani jediné spravné, ze by chapani laické
vefejnosti poméfovano z pozice védeckych konceptl (Bernardo et al., 2021), nybrz ze védecka znalost
by mela byt povazovana za komplementarni a stejné hodnotnou jako znalost laikd a cetnych
domorodych narodut a kultur (Manuel-Navarrete et al., 2021). Dle autort Manuel-Navarrete et al. (2021)
by si navic védci méli uvédomit, ze védecky jazyk je jeden z mnoha popsanych znalostnich systémi
(konkrétne 1 z 6900), a Ze je znacné kulturné vychyleny (euro-centricky, patriarchalni) tedy ovlivnény
ideovymi predpoklady pokiivujicimi vidéni reality a které je tfeba se nejprve pracné odnaucit.

Nedostatky pii studiu socialné-ekologickych interakci tedy tzce souvisi s metodologii sbéru a
interpretace dat, kdy se uméle udrzuje analytickd oddélenost védecké teorie od subjektivni perspektivy
mistni komunity. Oproti tomu mnoho autord nabadda ktomu, aby véda o udrzitelnosti byla
metodologicky inkluzivni, aby se neomezovala na jedinou Uroven interpretace, nybrz aby pfijala
pluralitu svétonazori a kulturné-lingvistickych systémut za svou (Norgaard, 1989; Folke et al., 2016;
Cebrian a Piqueras, 2020). Tyto pozadavky obecné vyjadiuji obhdjci transdisciplinarniho pfistupu
k badani, které vytvari naroky daleko presahujici hranice pouh¢ kombinace piirodnich a spolecenskych
véd. Neéktefi doporucuji, aby badatelé vstupovali do procesu spolu-utvareni vyznamu zkoumanych
fenoménl (napf. biodiversita) s mistnimi komunitami, coz by umoznilo adekvatné inkorporovat
znalostni systémy domorodych a laickych komunit, které jsou c¢asto definované jako lokani,
kontextualni, adaptivni (proménlivé, dynamické), kolektivné sdilené a situované v ramci zivotni drahy
konkrétnich lidi (Boschmann a Cubbon, 2014; Bernardo et al., 2021; Manuel-Navarrete et al., 2021).

., Vyzkumnici, kteri se zabyvaji transdisciplinaritou maji obvykle za cil demokratizovat produkci znalosti
zapojenim ucastnikii z vnéjsi akademické sféry do navrhovani, implementace, Sireni a/nebo vyuzivani
vyzkumu. Transdisciplinarita se obecné snazi koprodukovat znalosti prostrednictvim inkluzivnéjsich
dialogii s neakademickymi aktéry a jejich formami odbornosti (Darbellay et al. 2008, Beech et al. 2010).
Koprodukce je casto ospravedinovana instrumentalné argumentem, Ze miizZe prinést vice spolecensky
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relevantnich znalosti se zvySenou schopnosti vyuzit spolecenské zmeny (Schneider a Buser 2018, Schdfer
a Bergmann 2020). Koprodukce viak miize také zlepsit vyzkum metodologicky, epistemologicky,
ontologicky nebo axiologicky, to znamena rozsirenim toho, jak se znalosti vytvareji, co se povazuje za
platné védeni, co je poznatelné a co stoji za to védet (Lopez-Huertas 2013, Latulippe a Klenk 2020).
(Manuel-Navarrete et al., 2021)

Jinymi slovy, co vySe zminéni autofi navrhuji je jednoduse prehodnoceni vSech hodnot a ,,0¢i5téni* od
vSech predpokladil a koncepttl, nez vstoupi do vyzkumného terénu. Badatelé maji byt nadéle daleko vice
receptivni vici studovanému fenoménu a nechat svou metodologii ,.kontaminovat® vyzkumnym
vzorkem, ¢imz se jejich prace stane nejen relevantni z hlediska srozumitelnosti informace, ale i prakticka
a uzitna z hlediska feSeného problému.

1.1 Cile a vymezeni pole zajmu prace

S ohledem na vySe zminéné aspirace védecké prace se tato studie snazi prispét ke badani v oblasti
socialné-ekologickych interakci a védy o udrzitelnosti ve tfech ohledech: teoreticky, metodicky a
prakticky. Tyto tfi aspekty jsou sledovany v rizné mife, pfiCemz hlavni akcent je kladen na vyvoj a
overovani existujicich a novych metod, a jejich mozné kombinaci, pficemz jednim z klicovych zaméra
prace je vyuziti a zhodnoceni kombinace prirodovédnych a spolecenskovédnich metod sbéru a analyzy
dat. Pozadavek vyse zminéné transdisciplinarity je zde sledovan a jeji naplnéni je zhodnoceno v diskuzi
prace (Kapitola 6).

V ramci publikovanych vystupti jsem navrhl a na piikladu ptipadovych studii aplikoval nékolik
metodickych pistupti, které¢ maji za cil zhodnotit vybrané prvky geografického regionu. Jednotici Grovni
celé prace je prave popis regionti nebo krajin (,,Landscape“; definice pojmu viz. Tabulka 1), pfi¢emz
koncept krajiny ptedstavuje fokalni ramec celé prace. Krajina se v této praci pojimana z hlediska dvou
slozek, biofyzikalni a spolecenské. V této praci pracuji zejména s tfemi koncepty, které maji za cil
reprezentovat tyto dvé slozky véetné jejich interakci: ekosystémova integrita, ekosystémové sluzby a
krajinné hodnoty. Vybér konceptt si nekladou za cil popsat vSechny interakce a vlivy v krajing, tedy
endogenni a exogenni vlivy, ale soustiedi se na konkrétni kliovy prvek, ktery je zaroven hlavni osou
celé prace: jak stav ekosystémiu, reprezentovany jako ekosystémova integrita, souvisi
s ekosystémovymi sluzbami a percepci téchto sluzeb obyvateli?
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SYMBOLICKA ROVINA Krajinna identita

A

Kolektivni krajinné hodnoty, identita

Hospodarska, rekreacni, prirodni krajina
[ 1]

Subjektivni krajinné hodnoty ]

0 Kulturni e
< Hospodareni . ) . 3 a A
Divocina, estetika, rekreace, hospodareni ekosystémové )
‘ 3 w
- sluzb )
. ~ 4 R ¥ e
ey i

{ SEMIOTICKE ROZHRANI

Abioticky potencial {\ Ekosystémova integrita {\ Ekosystémové sluzby
Typ pudy, podlozi, klima, Zachyceni exergie, biotické Produkéni, regulaéni,
morfologie vodni toky, biodiversita podplimé

MATERIALNI ROVINA

Obr 1. Pracovni schéma Socidlné-Ekologického Systému, které je teoretickou osou této prace. Sestava
se ze dvou primarnich os (vertikalni a horizontalni) které jsou navzajem asymetrické. Prvni osa lezi
v materidlni rovin€ a popisuje kauzalitu mezi abiotickym prostiedim, ekosystémovou integritou a
ekosystémovymi sluzbami (produkéni, regulacni, podptirné). S druhou osou, ktera lezi v symbolické
roving, interaguji vSechny tifi komponenty prvni osy prostiednictvim sémiotického rozhrani, tedy
prostfednictvim znakl a vyznami. Koncept kulturnich ekosystémovych sluzeb slouzi k popisu interakce
mezi subjektivnimi a kulturnimi krajinnymi hodnotami a ekosystémovymi sluzbami. Symbolicka rovina
SES zpétné interaguje s materialni rovinou prostiednictvim hospodafeni a rozhodovani. Pojem krajinna
identita popisuje celkovy vyznam, ktery krajina nese (navenek i vniting), a ktery 1ze oznacit pojmem
»znacka® (Taylor, 2012). Adaptovano z Manuel-Navarrete, 2015.

Jednim z cilii prace bylo vyvinout metodu hodnoceni ekosystémové integrity a jeji vysledky porovnat
se subjektivni percepci krajiny vybranymi zastupci zajmovych skupin a vybranymi ekosystémovymi
sluzbami. Zakladni hypotéza prace totiz spocivala v tvrzeni, Ze ekosystémova integrita neni pouze
objektivné dana realita, tedy skutecnost, kterou definuje pouze vyzkumnik a odbornik, ale ze se jedna o
realitu spoluutvarenou lidmi, kteti v dan¢ lokalité Ziji a ktefi ji znaji. Pfistup vychazi z uznani, ze mistni
obyvatelé maji nejen unikatni znalost oblasti a jeji historie, nybrz Zze oni sami definuji, jak by krajina
mela vypadat a fungovat (Reza a Ablullah, 2011). Pfedpoklady prace, ktera ma mit uzitek pro obyvatele
dané lokality je, Ze jeji metody i vysledky jsou relevantni v daném kontextu, tj. s ohledem na potieby,
zvyKy a zivobyti lidi, ktefi krajinu spoluutvaieji (Opdam et al., 2020).

Dalsim vychodiskem této prace je fakt, Ze interakce subjektivni percepce, ekosystémovych sluzeb a
ckosystémové integrity je v praxi velmi malo empiricky prozkoumana. Pfedné, pro¢ jsem zvolil pravé
tyto tii koncepty pro zkoumani socio-ekologickych interakci v krajing: pfedpokladem blahobytné
existence lidi v konkrétnim regionu je jista schopnost ekosystémil poskytovat podminky nutné k zivotu.
Zatimco koncept ekosystémové integrity jsem zvolil k reprezentaci potencialu ekosystému poskytovat
tyto podminky, samotné ,,benefity* pfirody jsou typicky v literatufe pojmenovavany pomoci konceptu
ekosystémovych sluzeb (Kandziora et al., 2013; Chaudhary, et al., 2015). Oba koncepty jsou silné
ovlivnéné védeckou teorii a interpretaci a jednou z Casto pokladanych otazek zlstava, jak tyto
skute¢nosti vnimaji konkrétni obyvatelé¢ (Wolff et al., 2015; Raymond a Kenter, 2016; Hejnowicz a
Rudd, 2017). Prace se tedy pohybuje na hranici mezi objektivni a subjektivni perspektivou, a proto voli
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1 patficné metody z pfirodnich a spolecenskych veéd. Interakce mezi subjektivni a objektivni slozkou,
stejné jako otdzka integrace pfirodnich a spoleCenskych véd pfi studiu krajiny je jednou z klicovych
vyzev této prace.

Ttetim vychodiskem préce je snaha o uchopeni krajinného celku jako specifického, tizce vymezeného
Socialné-Ekologického Systému (SES), tedy komplexniho systému vztaht, toki materiald, energii a
vyznamu, jehoz hranice jsou vymezeny geograficky. Specifickym pfistupem této prace je snaha o
uchopeni studovaného SES zhlediska kaskddy definované tfemi zakladnimi kroky v pofadi:
ckosystémova integrita, ekosystémové sluzby a krajinné hodnoty. Jelikoz jsou SES v literatuie
definované rizn¢, a mnohdy nejsou definované viibec (Colding a Barthel, 2019), existuje jista volnost
v tom, jaké komponenty a interakce lze do systému zatradit (a jaké zamérné vyloucit). Socialné-
ekologicka realita je pfilis komplexni na to, aby ji dokazal jakykoliv soucasny (i budouci) védecky
koncept beze zbytku popsat. Modelové a systémové uchopeni problému je v této praci vyuzito k redukci
komplexity a k umoznéni popisu vybranych interakci, zejména endogennich vztahli a vyznami za
soucasného vylouceni vétSiny exogennich vlivl jako je napt. svétovy trh, globalni zména klimatu,
pfipadné vétsina dlouhodobych trenda.

Interakce mezi vySe jmenovanymi komponenty kaskady (ekosystémova integrita, sluzby a krajinné
hodnoty) nejsou vzdy studovany konsistentné, tedy v konkrétnich publikacich je pozornost vénovana
nanejvys dvéma komponentiim a jejich interakcim, pticemz predkladana prace usiluje o integraci dil¢ich
zjisténi jednotlivych studii do SirSiho ramce, ktery je vymezen praveé jmenovanou kaskadou. Diky tomu
je mozné sestavit upIné&jsi obrazek toho, jak dané interakce funguji, nicméné stale v ném ztistava nékolik
prazdnych mist, které v zahrnutych publikaci studovany nebyly nebo nebyly studovany dostate¢né.
Jedna se zejména o interakci mezi objektivné métenymi ekosystémovymi sluzbami a subjektivné
vnimanymi krajinnymi hodnotami, dale pak interakci mezi ekosystémovou integritou a tzv. regulacnimi
a kulturnimi sluzbami. Specifickym problémem ziistdvd mozny obsahovy pfekryv mezi jmenovanymi
komponenty kaskady, konkrétn€ mezi ekosystémovou integritou a regulacnimi sluzbami na jedné stran¢
a kulturnimi ekosystémovymi sluzbami a krajinnymi hodnotami na druhé.

S ohledem na néazev prace je tfeba zminit, ze v ramci predkladanych pfistupti byly zahrnuty metody,
které se spravn€ nazyvaji kvalitativni a nikoliv participativni. Participativni metody odkazuji spis
k pfistupim na bazi participativnich seminaftt (workshopt), a ackoliv byl takovy smér zvazovan
v pocatcich feSeni prace, v jeho pribéhu byl nakonec zvolen kvalitativni pfistup, a proto by se prace
mela jmenovat spiSe ,,hodnoceni ekosystémové integrity a sluzeb na regiondlni Grovni s vyuzitim
kvalitativnich pristupt.*

1.2 Vyzkumné otazky a hypotézy

Predkladana prace ptispiva k védeckému poznani o krajinnych celcich (krajinach) z hlediska tf kritérii:

a) Metodicky, pficemz mezi ptinosy zahrnutych praci patii zejména inovativni vyvoj empirické
metody hodnoceni ekosystémové integrity (Clanek 1 a 2), dile pak adaptace metody
kvalitativniho mapovani krajinnych hodnot a odvozeni dil¢ich prostorovych indikatort
z kvalitativnich dat (Clanek 5 a 6).

b) Teoreticky tim, Ze dale specifikuje definici ekosystémové integrity, jeji vazby na produkéni
ekosystémové sluzby (Clanek 1 a 2) a subjektivné vnimané krajinné hodnoty (Clanek 6) a dale
prispiva k poznani v oblasti studia SES a vnimani strukturnich komponent krajiny jejich
obyvateli (Clanek 5 a 6).

c) Prakticky introdukci a aplikaci nenaro¢nych (odborné, technicky, financné, ¢asove, personaln¢)
postupti hodnoceni ekosystémové integrity, sluzeb a krajinnych hodnot.
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V ramci prace jsem se zamétil na zodpovézeni hlavni vyzkumné otdzky a nekolika dil¢ich podotazek.
Hlavni vyzkumnou ot4zkou bylo zjistit:

1. Jak interaguji rizné hladiny ekosystémové integrity, sluZeb a krajinnych hodnot
s ohledem na jejich kvantitu a pestrost? Testovand hypotéza, kterd navazuje na modelové
schéma na Obr. 1 pfedpoklada, ze ekosystémova integrita, sluzby i krajinné hodnoty jsou
pozitivné korelované, tedy ¢im vice ekosystémové integrity, tim vice a vétsi diversita sluzeb a
krajinnych hodnot.

Dalsi dil¢i vyzkumné otazky této prace zahrnuji:

2. Jaké metody jsou vhodné ke komplexnimu popisu Kkrajinnych celki, hodnocenych
z hlediska ekosystémové integrity, sluzeb a krajinnych hodnot? Tato otizka se pta po
optimalnich metodach zkoumani biofyzikalni a spolecenské slozky krajiny s ohledem na jejich
schopnost reprezentovat odpovidajici komponenty v teoretickém modelu (Obr. 1) v€etné toho,
jak na sebe metody navazuji a jak jsou navzajem kombinovatelné. Soucasti otazky je i téma, jak
propojit prirodovédné a spolecenskoveédni pristupy k hodnoceni krajin tak, aby vysledné zjisténi
bylo porovnatelné a davalo uceleny obraz socio-ekologické reality.

3. Jaky je ekologicky stav ekosystémi studované krajiny a co z toho vyplyva pro hospodaieni
s ekosystémy? Aspiraci predkladanych ptistupi je poskytnout nastroj a analyzu pro zhodnoceni
stavu a nastaveni ekologickych cilii pro vybrany region. Vychozi hypotézou je, Ze ptirodni (s
vysokou biodiversitou a minimalnim antropogennim vlivem) a vysoce produktivni (optimalni
hospodareni) ekosystémy budou vykazovat vysokou integritu, zatimco degradované nebo
urbanni krajinné povrchy budou vykazovat nizkou integritu.

4. Jaké hodnoty vnimayji zastupci zajmovych skupin ve zkoumané krajiné a jak tato znalost
jde vyuZzit jako podpora pro rozhodovani? Rizné zajmové skupiny vyuzivaji krajinu riznymi
zplisoby coz muze vést k vzniku konfliktd (,frade-offs*) nebo naopak synergii. Tyto
spolecenské dynamiky mohou mit pfimy dopad na ekosystémovou integritu, sluzby a hodnoty
krajiny. Hypotézou je, ze ekonomické zajmy (t€zba surovin, turistika) budou stat v kontrastu
k zjmim ochrany piirody a ze zatimco prvni zajem bude preferovat extraktivni ptistup
k ekosystémové integrité, druhy zajem bude naopak ekosystémovou integritu zvysovat.

2 Teoreticky zaklad prace:

V této Casti je podan zevrubny piehled pouZitych teoretickych konceptl véetné jejich definic a ukotveni
v relevantni literatute. Jak bylo zminéno v tivodu, fokalnim bodem predkladané prace je geograficky
region, krajina, kterou chapu jako prostorové vymezeny socialné-ekologicky systém. Centralnim
elementem tohoto systému je ekosystémova integrita, ktera se propaguje skrze biofyzikalni parametry,
ekosystémové sluzby a subjektivné vnimané krajinné hodnoty.

2.1 Definice a zakotveni pouzitych konceptl v literature

Tabulka 1: Souhrn definic pojmi pouzivanych v textu a dal$ich termini souvisejicich s ekologickou
integritou, krajinnou a krajinnymi hodnotami

Concept Description Literature source
Ekologicka | Vzddlenost od prirozené reference — relativné | Karr & Dudley 1981; Karr,
integrita neovlivnéna lidskym zasahem 1993; Westra et al. 2000
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, Stupen samo-organizace, kterd je regulovand
Ekosystémo | ", R U L o , ,
. . riiznymi abiotickymi vstupy a limity a antropogennim | Zeleny et al., 2021
va integrita .
hospodarenim
Ekosystémo | Celkova prosperita, produktivita, odolnost a resilience | Rapport et al, 1998;
vé zdravi antropogenniho ekosystéemu Costanza, 2012
Sy | Sl ot byt sty v | s Comision
ekosystému J p P vy 2014, p. 78
ekosystemu
Resilience S;hopnost .udrzet nebo obnovit stav organizace po Holling, 1973; Pimm, 1984
disturbanci
Schopnost zmirnit negativni ucinky stresu nebo | Millar et al, 2007;
Odolnost .
vyruSenti Ramsfield, 2016;
Biofyzikaln | The architecture of an ecosystem as a result of the | European Commission
i struktury interactions within the system 2014, p. 78
Socidlng- vzdjemné zavislé a propojené systémy lidi a prirod
Ekologicky yern sie a propojene Systenty p Y| Bouamrane 2016
. které jsou vnorené napric skalami
system
Samo- ... autopoetické mechanismy (sensu Maturana a Varela
. 1980), které jsou spojeny s teleonomickym projektem, k | Farina, 2015
organizace e SIS , L ,
zajisténi homeostatické udrzby svého vnitiniho systému
Ekosystémo ckosystémové sluzby jsou prisp evlq/ .ekorsy N temove Adaptovano z Burkhard et
L 1o struktury a funkce — v kombinaci abiotickymi a/nebo
vé sluzby . g al., 2012
antropogennimi vstupy — k lidskemu blahobytu
Rozhrani mezi prirodou a kulturou, hmotnym a
Krajina nehmotnym  dédictvim,  biologickou a  kulturni | Taylor, 2012
rozmanitosti
Krajinné Subjektlvn? a ’kolektlrvnoe vnimané vyznamy, které sevazi Zeleny, 2022
ke konkrétnim mistim nebo mistné specifickym .
hodnoty N (nepublikovéano)
charakteristikam

2.1.1 Sociadlné-Ekologické Systémy

Jako prvni koncept uvadim pojem Socialné-Ekologické Systémy, jelikoZ toto pojeti tvoii zastiesujici
ramec, do kterého jsou ostatni koncepty zasazeny a v ramci né&jz jsou v této praci interpretovany. Pojem
Socialné-Ekologické Systémy byl zformulovan béhem 80. a 90. let 20. stoleti (Gallopin et al, 1989;
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Berkes a Folke, 1998:3), pfi¢emz vychazel z teorie disipativnich struktur a resilience (Holling, 1973).
Puvodni koncept SES popisoval systém jako spojeni dvou vzajemné oddélenych systémi, které jsou
navzajem propojené oboustrannymi kauzalnimi vazbami (Obr. 2). Tyto koncepce celily zasadnimu
problému s jasnym vymezenim hranic SES (Manuel-Navarrete, 2015), a nasledujici pfistupy si typicky
za sviij fokalni bod volily pravé biofyzikalni ekosystém, jelikoZz ten $lo na rozdil od socialniho systému
geograficky vymezit (Berkes a Folke, 1998:3; Alessa et al., 2009; Ostrom et al., 2009). Pristup
aplikovany v této praci je analogicky v tom smyslu, ze si voli za zkoumanou jednotku geograficky
vymezeny region, pfi¢emz zcela opomiji faktory sahajici za hranice tohoto vymezeni.

Regional Nested
ecosystem .

Ecological

knowledge &
understanding

Obr 2. Konceptuélni rdmec pro analyzu propojenych socialné-ekologickych systémt. Zdroj: Colding a
Barthel, 2019

Ackoliv se autofi pracujici s konceptem SES snazili oba komponenty systému prezentovat jako
vyrovnané, v praxi byl socialni systém definovan nedostatecné (Colding a Barthel, 2019) nebo striktné
v terminologii pfirodnich a systémovych véd (Manuel-Navarette, 2015). Pozornost byla vénovana
materidlovym a energetickym tokim mezi ob&ma subsystémy a akcent kladen na ekologickou
perspektivu (Folke et al. 2011; Brown, 2014). Ostatné i Berkes a Folke (1998:4) uznavaji, ze rozdé¢leni
mezi pfirodnimi a socidlnimi systémy je arbitrarni a ze ob¢ slozky jsou ve skutecnosti navzajem
propletené. Manuel-Navarette (2015) zddraziuje roli subjektivity a reflexivity v socialnich systémech
zejména roli komunikace symboly a vyznamy v interakci s materialnim svétem. Socialni agenti jsou
schopni utvafet symbolické a materialni procesy kolem sebe, pricemz udrZitelnost téchto struktur je
zavisla na souladu mezi symbolickymi a materialnimi procesy (Obr. 3).
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Obr. 3: Schéma dvojité vazby (,,double-couplinig) v socio-ekologickych systémech (Manuel-
Navarette, 2015) Schéma popisuje symetrickou (horizontdlni) vazbu tvofenou hmotnymi i
informacnimi procesy (A) a asymetrickou (vertikalni) vazbu mezi hmotnymi a symbolicko-
subjektivnimi procesy (B, C, D).

Dle modelu na Obr. 3 se socio-ekologicky systém sklada ze dvou nestejnorodych (asymetrickych)
slozek, ekosystému a socio-kulturni matrice symbolil a vyznamu (Obr. 3). Horizontalni osa
soumérnosti popisuje interakci mezi ,,nemyslicimi* slozkami Ekosystému a socialniho systému, kde
funguje materialisticka kauzalita. SloZky socialniho systému (vertikalni osa), které se rozhoduji podle
vlastni viile (tedy myslici) poznavaji svét skrze symboly v procesu kdédovani a dekodovani (Obr. 3, D)
a tvorby socio-ekologickych modeld, tedy interpretaci materialnich procesu a jejich prozivani
védomymi agenty v podob¢ zkusenosti. Na zaklad€ vstupnich informaci a kolektivni a individualni
sebe-reflexe jsou agenti schopni prostfednictvim védomé viile zpétn€ ovliviiovat materialni systém
(Obr. 3, C).

2.1.2 Ekosystémova integrita

Prvnim, kdo pouzil termin ekologické integrita byl Aldo Leopold ve svém zamysleni nad ptirodou,
krajinou a lidském zasahu. Leopold chapal krajinu jako kiehkou rovnovéhu a v romantickém duchu
ocenoval zejména netknutost a celistvost pfirody (Leopold a Potter, 2016). Na jeho myslenkach pozdé&ji
vyrostl védecky koncept ekologické integrity, ktery se ujal zejména v ochranaiské ekologii, jelikoz
slouzi pfedev§im k uréeni vzdalenosti zkoumaného biotopu od jeho hypotetické, minulé nebo
pravdépodobné prirodni reference (Coppedge et al., 2006; Gross et al., 2009; Blumetto et al., 2019;
prehled viz. Ruaro and Gubiani, 2013). Ekologickou integritu lze chapat jako stav netknutosti,
neporusenosti piirodnich procest a odolnosti viici disturbanci.

Pojem ekologické integrity se zdsadné lisi od pojmu ekosystémové integrity, kterd neni zévislé na
definice reference, nybrz na relativnim ,,vykonu‘ na skale vybranych indikatort jako je zdravi, kondice,
produktivita, resilience a resistence (Roche a Campagne, 2017; Costanza 2012). Tato tradice se zaklada
a tezi o ekosystémech jako adaptivnich, disipativnich strukturach, které spotfebovavaji volnou energii
k zvySovani hmoty a kapacity internich a externich toki energii a informaci béhem ristu a uceni se
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(Jorgensen a Svirezhev, 2004; Stengers 2010). Zivé struktury vznikaji samo-organizaci, coZ je pojem,
ktery popisuje proces vzniku komplexnich struktur a jejich odolnost (resilience) vuci disturbanci
(Schneider a Kay, 1994). Ekosystémy se vyvijeji (v evolu¢nim slova smyslu) smérem ktery umoziuje
lepsi a rychlejsi Cerpani (disipace) dostupnych zdroji (Minkel 2002).

Ekosystémova integrita je pro ucely této prace definovana jako ,stupern samo-organizace, ktera je
regulovanda riiznymi abiotickymi vstupy a limity a antropogennim hospodarenim‘ (Zeleny et al., 2021).
Z jiného thlu pohledu lze ekosystémovou integritu definovat jako vzdalenost disipativniho systému od
termodynamického ekvilibria (Schneider a Kay, 1994; Miiller, 2005). Z tohoto hlediska se Zivé struktury
udrzuji v nerovnovazném stavu tim, Ze spotiebovavaji volné gradienty energie a diky tomu buduji
komplexni struktury. S ohledem na vySe zminéné mizeme indikatory ekosystémové integrity (Miiller
2005, Kandziora et al., 2013, viz. Tabulka 2) povaZovat za miry reprezentujici vzdalenost od
termodynamického ekvilibria, pficemz ekvilibrium (hold ptda, skala, urbanni povrch) slouzi jako
reference termodynamického ,,vykonu* ekosystému.

Tabulka 2: Popis Sesti vybranych indikatord EI pouzitych v této praci. Pievzato z Zeleny et al., 2020

Indikator Popis

Zachyceni

exergie Mnozstvi slunecni energie absorbované vegetaci béhem fotosyntézy.

Objem vody piepravovany v ramci ekosystému, napt. béhem transpirace. Vyssi

Bioticke  toky pratoky indikuji aktivni hydrologické poméry i efektivni metabolismus

vody® e
Y ekosystémil.
Mnozstvi fotosyntetické energie, ktera se spotiebovava a uvoliuje jako teplo
Produkce N , : . ) , , .
entronie (entropie) pii biotickém dychani. Vysoka respirace je znamkou vysokych nakladt
p na udrzbu a miize indikovat vyspé&lost nebo naruseni ekosystému.
Stupen nerovnomeérnosti ekosystému, ktery je znamkou samoorganizace.
Abioticka Antropogenni hospodafeni s pidou ma tendenci podporovat homogenizaci,
heterogenita zatimco béhem prirozené sukcese se v souladu s biodiverzitou objevuje rozmanitost
vzorl a vyklenk.
Obiem Mnozstvi exergie ulozené v organickych slouc¢eninach v ptidach a biomase. V ptdé
biojmasy“ akumulac¢ni kapacita ovliviiuje obecnou urodnost, schopnost zadrzovat vodu a

ziviny a také biologickou rozmanitost.

Schopnost ekosystému zadrzovat a recyklovat ziviny. NaruSené ekosystémy

Zadrzeni zivin o, wr o
mohou byt indikovany vys$§im tnikem Zivin na odtoku.

3 “Biotic water flows”
4 “Storage capacity”
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2.1.3 Samo-organizace v SES

Asymetricky vztah mezi chemicko-fyzikalni a biologickou-ekologickou samo-organizaci je v Siroce
pfijimanym vychodiskem pfi popisu ekosystému (Schneider a Kay, 1994); je tfeba také ptijmout i dalsi
uroven asymetrie samo-organizace, kterd je vlastni socialné-kulturnim systémim a kterd je odlisna od
ekologickych/biologickych systému (Trosper, 2005; Stengers, 2010). Dle autord Schneider a Kay
(1994) se zivé struktury v procesu samo-organizace snazi omezit mnozstvi moznych stavi fyzicko-
chemického prostieni tak, aby zefektivnily Cerpani zdroja, tim tedy zivé struktury ovliviuji své nezivé
okoli, prostiednictvim ovlivnéni struktur nachézejicich se na rozhrani mezi dvéma systémy (,,boundary
conditions*). Vlivem tendence vytvaret rozhrani s nezivym svétem jsou zivé systémy schopny zaujmout
docasné, lokalni stabilni stavy, které se projevuji na trovnich buriky, jedince i celych ekosystémi (Allen
et al., 2001). Tyto stavy maji urcitou toleranci vici vnéjsi disturbanci, coz se oznacuje terminem
resilience.

Schopnost pretvaret vnéjsi okoli je velmi vyraznym rysem ekologickych i socialné-kulturnich systému,
priCemz toto ovlivnéni se d€je jak na materialni strance, tak na symbolické (Manuel-Naverette, 2015).
Dle Almo Fariny (2015) 1ze samo-organizaci ( = autopoiézu) zivych organismi, zahrnujici asymetricky
spojenou biologickou a symbolickou slozku, definovat takto:

~Kazdy zivy organismus vyuziva autopoetické mechanismy (sensu Maturana a Varela 1980), které jsou
spojeny s teleonomickym projektem, k zajisteni homeostatické udrzby svého vnitiniho systému. Navic v
kombinaci s dalsimi percepcnimi a kognitivnimi mechanismy se organismus také dostava do vztahu se
svym vnéjsim subjektivnim kontextem, prostiedim Umweltu (von Uexkiill 1982).“ (Farina, 2015)

2.1.4 Sémiotické rozhrani

Prostor vymezeny abiotickymi a biotickymi podminkami, ktery dany organismus obyva se nazyva,
ekologicka nika. Almo Farina dava pojem ekologické niky do souvislosti s pojmem zdroje. Pfitomnost
a dostupnost zdroje urCuje nosnou kapacitu prostiedi pro dany ekologicky druh a je tedy hlavnim
determinantem jeho vyskytu. Podstatou zdroje je jeho schopnost regenerace po urcitém cCase coz
determinuje chovani organismu, ktery dany zdroj vyuziva. V ekologii rozliSujeme dva typy organismi
dle jejich vztahu k zdrojim: generalisté a specialisté. Pokud by prostiedi bylo statické, byly by vSechny
niky vdany okamzik vZzdy obsazené konecnym a optimalnim zastoupenim zivociSnych druhi,
pravdépodobné hlavné specialisty, kteti jsou nejlépe prizplisobeni danému zdroji. Jelikoz je prostiedi
v ¢ase dynamické (proménlivé), a zdroje se regeneruji nepfedvidatelné pod vlivem mnoha externich
faktort,, organismy musi vyvijet strategie které jim zvysi pravdépodobnost, Ze dany zdroj v prostredi
objevi a efektivné zuzitkuji.

Tyto strategie zahrnuji zejména schopnost interpretace okoli pomoci uceni se rozeznavani senzorickych
a dalsich vzorci, které typicky indikuji pfitomnost zdroje (napf. potrava v podobé jiného organismu,
lozisko ropy), ktery miize mit materialni ale i symbolickou (informaéni) povahu. V této zjednodusené,
ale velmi plodné interpretaci svéta se jednak véci, tak organismy, nebo jejich vyrobky (materialni,
duchovni) stavaji zdrojem pro uspokojeni urcité potieby’ (,,need”). Mezi spotiebitelem a zdrojem
existuje vztah predatora a kofisti, pficemz pokud je kofisti zivy organismus, miiZe mezi obéma probihat
symbolicka interakce kdy se kofist mlize napf. snazit predatora zmast klamnymi signaly (mimetismus,
aposematismus). Schopnost organismu uspé$né vyhledat, poznat a efektivné Cerpat potiebné zdroje
urcuje jeho schopnost pieziti v kompetici s ostatnim organismy o dany zdroj. Tim, ze se uréité pole

5 Napfiklad matka je zdrojem potravy a tepla pro potomka, ale i bezpeéi a nezbytnych informaci, pficemz mladé
musi mit vrozené a naucené vzorce chovani, aby dané zdroje poznalo a naslo. Stejné tak je divadlo zdrojem
kulturniho obohaceni, automobil zdrojem socidlniho statusu a kostel zdrojem duchovni kontemplace.
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symbolickych vyznamil stane pro organismus smerodatné z hlediska indikace zdroji pro uspokojeni
urcitych potfeb, vnikd tzv. Sémiotickd nika. Semioticka nika je suma symbold a vyznamu, které se
organismus naucil a je schopen rozeznavat ve svém okoli a které¢ odkazuji k moznému zdroji (napft.
bukovy les odkazuje na prfitomnost bukovych semen). Tj. ackoliv se mohou dva rizné organismy
biologicky vyuzivat stejny zdroj, bude je vyuzivat jedin€ ten, ktery je dany zdroj schopen nejprve
»poznat® a zafadit do svého ,,jidelnicku.” V tomto smyslu maji generalisté mnohem vét§i schopnost najit
vhodnou dosud neznamou potravu ve srovnani se specialisty, a lze je proto o¢ekavat v mnohem Sir§im
spektru habitatli nez specializované tvory.

Systém rozpoznavani zdroju se ustavuje na zakladé zkusenosti nebo pienosu informace, pfi¢emz pokud
mechanismus rozpoznani urcitého symbolu nevede k oéekavanému uspokojeni potfeby, organismus se
muze dostat do ekologické pasti a stradat, dokud se Skodlivé strategie neodnauci a nenauci ty spravné.

S ohledem na perspektivu prostfedi jako soustavu zdroji, které se vyskytuji nepravidelné a které
organismy rozpoznavaji prostiednictvim naucenych interpretaci znakd, lze na krajinu pohlizet jako na
prostor vyplnény riznymi vyznamy. Pro kazdého jednotlivce je tento prostor jedinecny (subjektivni),
coz neznamena, ze urCitd skupina jedinci nemize vyznamy kolektivné sdilet (prostfednictvim
mechanismti prenosu informace). Kazdy tako prostorové vymezeny vyznam zabira dle Almo Fariny
specifické eko-pole (,,eco-field*), pti¢emz krajinné celky jsou soubory téchto vyznamovych poli. Tam
kde se ptekryvaji stejné vyznamy u dvou jedincii mtize dochdzet ke konfliktu (,,trade-off**) nebo naopak
synergii (symbioza).

Zivé organismy jsou charakteristické tim, Ze svoje prostiedi pretvafeji tak, aby umoziiovalo nejen
efektivni Cerpani zdroji, jejich regeneraci ale i1 snadné rozpoznani zdroji a jejich vyuziti
(prostfednictvim ustanoveni patfi¢nych podminek rozhrani, napf. homogenizace krajiny pro ucely
pestovani a sklizné¢ monokultur). Tim se do krajiny dostava prvek, ktery dosud v teorii SES neni
dostate¢né integrovan a tim je ,,uméla“ infrastruktura. Dle teorie eko-pole lze vytvotrenou infrastrukturu
(cesty vybéhané zvéri, termitisté jako pristfesek pro termity, prehrada jako zdroj vody pro lidi) chapat
jako prostiedek optimalizace rozpoznani, regenerace a vyuzivani zdroje, pfiCemz v takovém piipade
jsou prvky infrastruktury samy nosici eko-pole (jsou efektivné zdrojem, ktery miize vyuzivat omezené
mnozstvi ,,konzumentii*). Je ztejmé, Ze rizné zdjmy vyzaduji rizné typy infrastruktury a ty kladou urcité
pozadavky na pfeménu krajiny. Tyto konflikty jsou siln€ patrné v lidské spolecnosti, kdy rizné naroky
na infrastrukturu plynouci z rizné preference pro zdroje mohou ustit v sniZzeni dostupnosti zdroji pro
,»konkurenéni* zajmovou skupiny a zptsobit tak konflikt v zajmu sebezachovy. Skute¢né vyuziti krajiny
a jejich zdroju pak zavisi na smluvnim systému vztahd, ktery je ustanoven za i¢elem regulace spotieby
daného zdroje, predchazeni konfliktu o zdroje nebo neudrzitelnému hospodafeni s nimi.

2.1.5 Ekosystémové sluzby

Pojeti krajiny a ekosystému jako struktury zdroju, infrastruktury a vyznami, odpovidajicich diversité
potieb riznych aktéri je vysoce relevantni interpretace v souvislosti s konceptem ekosystémovych
sluzeb.

Ekosystémové sluzby se v poslednich dvou dekadach staly velmi prominentnim konceptem popisujicim
zavislost spolecnosti ekosystémech a ekologickych procesech (de Groot et al., 2002; Gomez-Baggethun
et al., 2010; Chaudhary et al., 2015). Mezi aspirace tohoto konceptu patii i snaha o srozumitelnou
komunikaci dulezitosti ptirody pro lidstvo, ¢imz ma pfispét daik udrzitelnému nakladéani s ptirodnimi
zdroji. V tomto smyslu se jedna o dilezity koncept propojujici védu a spolecnost, coz klade nemalé
naroky na transdisciplinaritu pfistupti k definici a hodnoceni ekosystémovych sluzeb (Jax et al., 2013).
Dle autord Maes et al. (2012) pfedstavuji ekosystémové sluzby rozhrani mezi ekosystémy a socialnimi
systémy. S ohledem na vySe zminény koncept Almo Fariny lze ekosystémové sluzby chapat jako

21



specifické zdroje odvozené od ekosystéml, které odpovidaji konkrétnim potfebam riznych zajmovych
skupin (Farina, 2012).

Koncept ekosystémovych sluzeb typicky zahrnuje nékolik pojmt, které se mohou lisit v zavislosti na
autorském pojeti, pficemz tyto pojmy se Casto v definici pfekryvaji nebo nejsou zcela jasné vymezené.
Zakladnim stavebnim kamenem jsou ekosystémové sluzby, které predstavuji ekologické procesy
vedouci k produkci ptispévki ptirody, zakladajici lidsky blahobyt (Jax et al., 2013). Jako zdkladni model
produkce lidského blahobytu z ekosystémovych sluzeb a ekologickych struktur a procest, tzv. kaskada
ekosystémovych sluzeb, se nejcastéji pouziva model autorti Haines-Young a Potchin (2012) a Obr. 4
predstavuje jeho adaptaci proucely této prace.

Struktury a funkce podmiriuji POTENCIAL ‘ ekosC:’:g;r(;[ o Ndroky lidského blahobytu vytvareji
poskytovat ekosystémové sluzby ysiuiebw POPTAVKU po ekosystémowych sluzbach
Ekosystémy a biodiversita Blahobyt spolecnosti
Biofyzikalni . ) PHispvky
struktury a ; , Ekosystémové =
e Ekosystémové ST pfirody Fiadnoty
P ¥ funkce ¥
Socialni
Prvk éni B Subjektivni
v V Ekosystémova PrOdUkan'l ekonomicky a . | .
ekosystemu, X ¥ Regula¢ni z daleZitost
ssobnik integrita e osobni
zasobniky a ulturni Blaticbyt
toky
L— Ovlivnénipotenciala +— L e —
Zpétnavazba hospodareni

Obr 4: Schéma kaskady ,,produkce lidského blahobytu, kterd tvoii ramec prace. Ekosystémy a
biodiversita piedstavuji potencidl produkce ekosystémovych sluzeb, které jsou zakladem lidského
blahobytu. Ekosystémy a biodiversita se sestavaji z biofyzikalnich a abiotickych struktur a procest
(puda, klima) a ekosystémové integrity, ktera zaklada ekosystémové funkce. Lidsky blahobyt se sklada
z ,,objektivnich® pfispévkl pfirody (potrava, voda) a subjektivné vnimanych krajinnych hodnot.
Vnimani hodnoty ekosystému lidmi ovliviiuje ¢erpani zdrojli a hospodareni s ekosystémy, coz zpétné
ovliviiuje biofyzikalni struktury a ekosystémovou integritu. Adaptovano z Zeleny et al., 2020.

Ekologické procesy a vlastni ,,produkty* ptirody (,,benefits*) jsou tedy dvé oddélena jsoucna (de Groot
et al., 2002), ktera jsou sice kauzalné spojena, nicméné oba patii do odlisnych svétd. Zatimco
ekosystémové sluzby determinuje ekologicky potencial daného mista, (n€kdy zahrnujici 1 antropogenni
vstupy, sensu Burkhard et al., 2012), pfispévky pfirody jsou poplatné rozdilné poptavce ze strany
ruznych zajmovych skupin. Analogickd terminologie oznacuje ekosystémové sluzby za koncové
ptispévky k blahobytu spolecnosti, zatimco ekosystémové funkce predstavuji piirodni procesy, které
jsou za sluzby zodpoveédné (de Groot et al., 2002; Millenium Ecossystem Assessment, 2005). Rovnéz
klasifikace typld ekosystémovych sluzeb podléha rozdilné intepretaci, pfi¢emz nejcastéjsi rozdéleni
rozliSuje Ctyfi typy sluzeb: produkéni, regulacni, kulturni a podptirné (Millenium Ecosystem Assessmet,
2005; Gunton et al., 2017). Asi nejsnaze definovatelné jsou sluzby produkéni, které zastupuji hmotné
produkty ekosystému jako je dfevo, maso nebo pitna voda. Regulaéni sluzby zahrnuji ekosystémové
procesy, které vykonavaji urCitou sluzbu, napt. ukladaji sklenikové plyny, Cisti vodu nebo tvori ptidu,
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kterd ma hodnotu pro spolecnost. Regula¢ni sluzby jsou mnohem srozumitelngjsi ekologtim nez laické
hodnotu (Bryan et al., 2010; Klain a Chan, 2012). Kategorie podpurnych sluzeb je, podobné jako
kulturni sluzby definovana velmi vagné a ve svém dasledku mize (tautologicky) zahrnovat jednoduse
vSechny myslitelné ekologické procesy (Gunton et al., 2017) a konceptualné ji lze zaménit za zde
pouzivanou ekosystémovou integritu, ktera je podstatné 1épe definovana.

Posledni typ sluzeb, tedy kulturni ekosystémové sluzby, predstavuji kapitolu samu o sobé, jelikoz jejich
definice disponuje v literatufe nejvyssi dynamikou. Kulturni ekosystémové sluzby jsou povazovany za
velmi dulezité, jelikoz Casto urcuji hodnotu daného mista a podminuji jeho udrzitelnou spravu (TEEB,
2010; Hirons et al., 2015) Jejich hodnoceni vsak celi fadé metodologickych vyzev, zejména plynoucich
z jejich obtizného uchopeni konceptualnimi modely objektivistické védy a ,,zapadniho“ kulturniho
predporozuméni (Gunton et al., 2017). Dle autort Fisher a Eastwood (2016) jsou kulturni ekosystémové
sluzby instrumentalni v tom, jak aktéfi vnimaji mista v krajiné, jak se v ni chovaji a jak percepce a
jednéni utvaii zkusenost a schopnost jednat. Kulturni sluzby tedy nejsou nematerialni, jak zni ptivodni
definice (Millenium Ecosystem Assessment, 2005) ale naopak se manifestuji v zptisobu ziti a jednani
lidi, vCetné jejich materialni kultury (a podle toho by mély byt i studovany). Chan et al. (2016)
zduraznuji relacni charakter kulturnich sluzeb, tedy Ze jsou Iépe reprezentovany jako vztahy mezi
subjekty a jejich okolim, ¢imz davaji vyznam ostatnim ekosystémovym sluzbam:

~Kulturni ekosystémové sluzby, jako prispevek prirody k nematerialnim benefitim ziskanym
prostrednictvim interakci mezi clovékem a ekosystémem, jsou vSezahrnujici, protoze jsou neoddelitelné
propojeny s regulacnimi a podpirnymi sluzbami ve vztazich viici materialnim a nemateridalnim
benefitim ... Kulturni sluzby jsou tak lépe chapany jako filtry hodnot, jejichz prostrednictvim ziskavaji
vyznam ostatni ekosystémové sluzby a priroda jako takova®“ (Chan et al., 2016)

Kulturni dimenze ekosystémovych sluzeb se postupem casu stala tak dilezita, ze néktefi autofi zacali
pouzivat termin ,,Nature’s Contributions to People® (NCP) aby zdiraznili roli riznych znalostnich
systémil v percepci hodnoty ptirody a ekosystému (Pascual et al., 2017) a tim padem i celkového vztahu
lidi k jejich prostiedi. Této koncept se stal jadrovym pojetim v piistupu k tematizaci vztahu clovéka
k ptirod¢ mezinarodniho panelu pro biodiversitu a ekosystémové sluzby pti OSN (IPBES; Diaz et al.,
2018).

2.1.6 Krajina

Koncept krajiny piedstavuje centralni jednotku studia pfistupu, prezentovaného v této praci. Krajina je
zde definovana jako geograficky ohraniceny region, ktery se sklada z fyzické/ptirodni a antropogenni
slozky. Krajina je rovnéz definovana z hlediska dvou odlisnych perspektiv: a) krajina jako fyzicky
prostor ve kterém se dé€je kontinuita pfirodnich procest v Case, a b) krajina jako socialné-kulturni
interpretace mista (Hunziker, 2007).

Dynamika vztahu mezi subjektivni a objektivni strankou krajiny hraje centralni roli v definici pojmu.
Z hlediska zivych organismt pfedstavuje krajina sumu habitatt a zdroji (eko-pole sensu Farina, 2012),
pricemz do samotného rozhrani mezi prostfedim a subjektivitou organismu vstupuje pouze symbolicka
manifestace prvkl krajiny, které maji pro dany organismus smysl (jsou soucasti jeho sémiotické niky).
Krajina predstavuje ctyfdimenziondlni prostor (Ctvrty rozmér je Cas), ktery je specificky kontinuitou
fyzikalnich, biologickych, historickych a kulturnich procesi, pficemz prostfedek interakce téchto
procesu se subjektivitou organismu je zkusenost. Skrze individualni a kolektivni zkusenost dochazi u
sebe-reflexivnich (myslicich) aktért k interpretaci v podobé ptibéht a jazyka, které jsou zaplétany do
mistné-specifickych znalostnich systému (,,knowledge systems;” Cebrian-Piqueras, 2020). Agregaci
téchto znalostnich systémi na vy$si urovni mize dojit k vniku a tvorbé jedné nebo vice paralelnich
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krajinnych identit nebo ,,znacek,“ pficemz tyto identity reprezentuji sumu vyznami (typicky spojenych
s vizualnim obrazkem), a kterymi se krajiny ,,prezentuji“ nebo jsou komunikovany navenek (mimo
region; Enache a Craciun, 2013; Taylor, 2012). Tvorba a komunikace téchto identit je pfimo produktem
aktivni snahy aktérti, napt. marketingovych poradci a destinacnich manazeri, pfipadné dalSich hraca
jako jsou historici, ekologové, politci apod.

., .. krajina je spolecensky fakt, prirodni, subjektivni a objektivni, materialni a kulturni produkt, ktery je
skutecny a symbolicky zdrovern ... oblast, jak ji vnimaji lide, jejiz charakter je vysledkem piisobeni a
interakce prirodnich a/nebo lidskych faktori ... cast zemského povrchu pozorovatelnda smysly,
vyplhyvajici z interakce prirody, technologie a lidské kultury. Neustdle se meni a nelze vnimat jinak nez
ve své dynamice, historie je jeji ¢tvrtou dimenzi (Pitte 1992) “ (Enache a Craciun, 2013)

Krajiny jsou v dusledku lidské ¢innosti vystaveny celé fadé tlaki, zahrnujicich pfeménu tuzemniho
vyuziti, popula¢ni rdst, urbanizaci, exploataci zdroji, odlesiovani, opousténi tradi¢nich zpisobu
hospodateni a zména klimatu (Hedblom et al., 2019). Neudrzitelna sprava krajin prameni nejen
z nedostatku informaci o ekologickém stavu ekosystémtl, ale i z rozporuplnych a casto i konfliktnich
z4jmu a motivaci jednotlivych aktérti, nesouladu mezi pfedstavou izemni spravy a mistnich komunit a
rozdilnych mocenskych vztahd. Vzhledem k vySe zminénému je tfeba fict, ze konflikty ohledné spravy
(a definice zadouci a nezddouci podoby) regionalnich celkil vychazi praveé z nesourodosti subjektivné a
kolektivné sdilenych piedstav o krajiné (krajinné identity), které vychazi nejen z potteb zajmovych
skupin ale i jejich kulturnd determinovanému interpretaénimu a hodnotovému ramci (Clanek 5).
Udrzitelna sprava ekosystémli a predchazeni konfliktl vyzaduje inkluzivni zahrnuti riznych
svétonazord, perspektiv a znalostnich systému prostfednictvim bilateralni komunikace, vzd€lavani a
participativniho zahrnuti aktérd do rozhodovani (Mace 2014; Palomo et al. 2014; Bennett 2016; Diaz
et al 2018; Cebrian-Piqueras, 2020).

2.1.7 Krajinné hodnoty

Terminem krajinné hodnoty v této praci myslim vyznamy, které zdjmové skupiny ptirazuji specifickym
mistim ve zkoumané oblasti nebo oblasti jako celku. Vychazi ptitom z ptedpokladu, Ze urCité misto je
pro dané individuum nebo komunitu vyznamné (tedy nese vyznam; ,,meaning®), jelikoz pro né&j/ni ma
urcitou hodnotu z hlediska odpovidajicich potfeb a preferenci. Tato hodnota, at’ uz z hlediska jejiho
druhu nebo intensity, pfedstavuje sty¢ny bod mezi vlastnostmi krajiny (funkce, kompozice, historie) a
zitou zkuSenosti, tedy subjektivni percepci, kazdého individua.

Hodnoceni percepce krajiny ma z hlediska krajinného planovani a rozhodovani klicovy vyznam,
pri¢emz jeji zkoumani pomaha krajinnym architektiim a samospravam identifikovat mista s konkrétni
spolecenskou hodnotou a potencialni konflikty zajma (Sherrouse et al., 2011; Brown a Kyttad, 2013;
Biedenweg et al., 2018). Otazka percepce krajiny jejimi obyvateli a navstévniky predstavuje
z analytického hlediska problém, jelikoz percepce je z definice mnohorozmérna, subjektivni a
kolektivni zaroven (Terkenli et al., 2019). Navic, vinimani krajiny lidmi neni statické, nybrz promenlivé
v Case, pricemz odrazi Zivotni dréhu hodnoticiho subjektu z hlediska jeho véku, zkuSenosti a zejména
aktivitdm a zajmum, které v krajin€ realizuje (Zube, 1987).

»Zpiisob, jakym vidime a hodnotime krajiny je z velké casti funkci toho, co v nich délame (Ittelson 1973 )
citovdano v Zube (1987)

Z vyse uvedeného vyplyva, Ze krajinné hodnoty jsou pfedevsim Zité, neustale aktualizované vyznamy,

které jsou vlastni jak jednotlivctim, tak komunitam, a Ze tedy existuje multiversum krajinnych vyznamu
a perspektiv, které se protinaji s fyzickou krajinou prostfednictvim zkusenosti a ¢innosti.
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Dle Zube (1987) Ize krajinu a percepci krajiny popsat z hlediska nékolika kritérii:

1. Vzorce aktivit vyuziti tzemi jsou dulezitymi zdroji informaci, které ptispivaji k rozvoji
vnimani krajiny jednotlivci

2. Identicka krajina je nahliZena riizné jednotlivci, pokud zde zazivaji riizné osobni zkuSenosti

3. Vniméani je mediovdno riznymi potfebami a preferencemi a socio-kulturnimi kontexty, které
definuji percepci krajinnych hodnot

4. Jednotlivci podporuji takové krajinné vyuziti, které je v souladu se jejich uzitnymi hodnotami
(napt. hospodateni, turistika, biodiversita), funkcemi a hodnotovymi orientacemi

Krajinné hodnoty ziskaly prominentni roli jakoZto reprezentace subjektivné a kolektivné vnimanych
ekosystémovych sluzeb (Klain a Chan, 2012) a proto ptedstavuji kliCovy prvek ktery v této praci
propojuje ekosystémové procesy, sluzby a obyvatele v krajin¢.

., .. Socidlni hodnoty predstavuji meritelné ekologické konecné produkty nebo koncové body
ekosystemovych sluzeb na jejich rozhrani s lidskym blahobytem (Boyd & Banzhaf, 2007). V tomto ramci
Ize hodnotu ekologickych koncovych bodii zohlednit odlisné od prvkii a procesii ekosystemii, které je
produkuji, a pritom stale uznavat zavislost téchto koncovych bodii na stavu ekosystemu (Boyd &
Banzhaf, 2007).“ (Sherrouse et al., 2011)

2.2 Zaclenéni publikaci do teoretického ramce SES

Zasazeni dil¢ich publikaci a pfistupil v této praci do obecné€jsiho modelového ramce (Obr. 1) ma za cil
usnadnit interpretaci riznych krajinnych fenoménii s ohledem na jejich vzajemné vztahy a interakce.
Tato prace si jako fokalni jednotku studia voli geograficky vymezeny region, ktery se sklada
ze spoleCenské (socidlni), ekologické (biologické) a fyzikalné-chemické slozky. Zahrnuti téchto tii
dilezitych rovin je predpokladem pro holistické pojeti krajiny, diky kterému je mozné piispét
k pochopeni role a vzajemnych interakci jednotlivych komponent.

Zakladnim predpokladem teoretického modelu krajiny je pojeti jejich dil¢ich komponent jako kaskady
souvislosti, pficemz tyto souvislosti je tfeba interpretovat jako systém, zahrnujici dvé vzajemné
asymetrické osy:

o Ekologicky systém, ktery je zivymi systémem podléhajicim biotické samo-organizaci
e Socialni systém, ktery podléhd tfetimu typu samo-organizace, zahrnujici evoluci znaki a
vyznamy

Nutno podotknout Ze definice socidlniho systému neni vylu¢n€ vymezena pro systémy zahrnujici
lidskou spole¢nost, nybrz je charakteristicky pro vétSinu zivych systémut (napf. konsorcia bakterii,
socialni organismy) i kdyz v rozdilné mife (Patkova et al., 2012; Maran a Kiill, 2014; Barbieri, 2018).
Dulezité je ale kvalitativni rozliSeni mezi ekologickymi a socialné-kulturnimi interakcemi v systému,
které je vzajemné nesoumctitelné (Manuel-Navarette, 2015). Tato interpretace je zasadni rozliSovaci
osou pro interpretaci socialné-ekologickych systémt, a v mnohém kopiruje d€lici osu mezi pfirodnimi
a spolecenskymi védami. SES neni mozné studovat pouze ptirodovédnymi pfistupy a neni je mozné
pojimat jako systémy které se fidi materialistickou, probabilistickou nebo jinak deterministickou
kauzalitou (Manuel-Navarrete, 2015; Preiser et. Al., 2018), pokud neni nasim cilem poskytnout spise
prakticky srozumitelny, le¢ extrémné zjednodusujici interpretacni model. Stejn¢ tak je neni mozné
nahlizet vyluéné z pozice spolecenskych véd, napt. z hlediska ekonomie nebo sociologie.

Pfijmuti a integrace asymetrického vztahu mezi materialni a symbolickou strankou vzajemné propojené
reality zivych systémi pfedstavuje kli¢ovou vyzvu nejen pro studium SES, ale i pro soucasné rozpolcené

25



védecké paradigma. V této praci nicméné tento rozkol pouze pojmenovavam, aniz bych se snazil o jeho
feSeni. Je ale nutné pfipustit, Ze tento paradigmaticky nesoulad stoji v zakladu obtizi, se kterymi jsem
se setkal pfi snaze integrovat vysledky ziskané ptrirodovédnymi a spolecenskovédnimi postupy (viz
Kapitola 6.2, Diskuze).

S ohledem na vyse fecené v této praci rozlisuji dil¢i komponenty SES dle schematického modelu na
Obr. 1, ktery v zjednoduSeném podéni prezentuje predmét studia jako dvojité spojeny, asymetricky,
trojrozmérny prostor (dle dvou typil kauzality definovanych vyse). Podivame-li se blize na interakci
mezi socialni a ekologickou slozkou systému, lze jej zjednodusené charakterizovat jako interakci na
urovni materialni a symbolické roviny (Obr. 5). Ob¢ roviny se stykaji v mist¢, které v navaznosti na
teoreticky koncept eko-pole Almo Fariny (2012) oznacuji pojmem sémiotické rozhrani. V tomto misté
dochazi k styku mezi fyzickymi znaky a virtudlnimi vyznamy, pficemz ekosystémy a socidlni systémy
pro zjednoduseni chdpu jako zdroje a krajinné hodnoty jako vyznamy, které jednak indikuji pfitomnost
odpovidajicich zdroji a které ziskavaji svlij vyznam v odpovéd’ na konkrétni potfeby (z hlediska
hodnoticiho subjektu).

SYMBOLICKA ROVINA

Zkusenost Kolektivniidentita Hodnotové ramce
Cinnost C Reﬁ'exe
Potfeba PRIBEHY ;
— Cldnek5& 6
Zkusenost Subjektivniidentita Krajinné hodnoty
Cinnost D Reflexe
Patreba PERCEPCE 3
Kédovdni 4 Vyznam ) Interpretace ..o .
------------------------------- = SEMIOTICKE ROZHRANI !
Znak g SEINEIRALERAAE .
INTERVENCE -
I msmf-ktura Sociadlni systém Ekosystémové sluzby
Organizace
— Cldnek 2 & 3
Kompozice
Struktura Ekosystém Ekosystémovd integrita }éidnek 1,4&6
Funkce

MATERIALNI ROVINA

Obr. 5: Schematicky model krajiny (geograficky vymezeného socialné-ekologického systému), ktery
znazoriuje asymetricky vztah mezi materialni a symbolickou rovinou. Ekosystémova integrita odpovida
roving ekosystémi, zatimco ekosystémové sluzby (dle definice v této praci) vznikaji na rozhrani mezi
ekosystémem a socialnim systémem a oba segmenty spadaji do materialni roviny. Na symbolické urovni
dochazi k subjektivni percepci krajinnych hodnot, které vychazeji z potieb a jsou aktualizované
prostiednictvim ¢innosti a zkuSenosti. Prostfednictvim reflexe dochéazi k vnitinimu pfehodnocovani
hodnot v kontextu Zzivotni drahy jedince a SirSich souvislosti. Obé roviny se protinaji v misté
oznaCovaném jako sémiotické rozhrani, na kterém dochazi ke kédovani a dekédovani znakt a vyznamu,
tedy ke komunikaci mezi symbolickou a materialni rovinou krajiny. Publikace, zahrnuté v této praci,
jsou piifazeny jednotlivym &astem schématu SES dle jejich tematického zaméfeni. Clanek 1 a 4 se
vénuje krajing na urovni integrity ekosystému, Clanek 2 a 3 popisuje ekosystémovou integritu a sluzby.
Clanek 5 a 6 se vénuje popisu krajinnych hodnot a kolektivnich hodnotovych ramei, pricemz Clanek
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6 se snazi krajinné hodnoty dat do souvislosti s méfenou ekosystémovou integritou. Model adaptovan
z Manuel-Navarette, 2015.

Vztah mezi zdroji a vyznamy je klicovy pro analyzu pfic¢in udrzitelného/neudrzitelného zachazeni
s zivym a nezivym prostfedim a dosazeni/nedosazeni blahobytu v SES. Tento vztah charakterizuje
koncept sémiotického rozhrani (sekce 2.1.4; Farina, 2012), dle kterého je interakce organismu
s materidlnim prosttedim vzdy zprostfedkovana vjemy (smysly, intuici; tedy pro védomi piimo
nedostupnd), pfiCemz vjemy jsou interpretovany pomoci specializovanych mechanismi (vrozenych,
kognitivnich apod.; pojem ,,percepce na Obr. 5). Tyto mechanismy jsou pfizpisobené k rozeznavaji
pravidelnych vzoret, které typicky indikuji pfitomnost zdroje, a které se neustale aktualizuji na zakladé
uceni a opakovaného kontaktu se zdrojem. Pokud potieba daného zdroje zeslabne, nebo pokud se dana
potieba realizuje prostfednictvim alternativniho zdroje, dochazi ke ztraté daného sémiotického rozhrani
u jedince tim padem i schopnosti (efektivn€) vyuzivat daného zdroje. Pokud se pro urcity organismus
(naptiklad Kos Cerny, Turdus merula) nahle stane urcity zdroj dostupnéjsi, a pokud je novy zdroj
schopen adekvatné uspokojovat danou potiebu, vyvine si organismus rozpoznavaci mechanismy na
novy zdroj, pfi¢emz ztrati schopnost rozpoznavat a efektivné vyuzivat ptivodni zdroj. Pokud se
organismus nauci urCité rozpoznavaci mechanismy/strategie, které ov§em nevedou k uspokojeni potieby
(zdroj nenajdou, nebo neuspokojuje dostatecné danou potiebu, tzn. maladaptace, ,, lock-in ), mohou se
dostat do tzv. ekologické pasti a dochazi k snizeni jejich blahobytu (Farina, 2012).

vvvvvv

usnadnovalo rozpoznani a efektivni vyuzivani zdrojl (,,nicehe construction*, Odling-Smee et al., 2003;
pojem ,,intervence® v Obr. 5). V této dovednosti spo¢iva evoluéni prednost rodu Homo sapiens. Clovék
pretvaii a zpfistupiiuje zdroje prostirednictvim fyzické intervence, ale hlavné prostiednictvim
infrastruktury, tedy umélych (antropogennich) struktur jako jsou cesty, studny, domy a dilni Sachty
(Socialni systém v Obr. 5), pticemzZ i nezivé struktury mohou samy byt zdrojem pro uspokojovani
potieb. Aby zivé a nezivé struktury Gcinné umoziovaly Cerpani zdrojl, je potfeba nejen patticnych
naucenych mechanismi, ale i patfi¢na udrzba jmenovanych fyzickych struktur, pti¢emz sémioticka
znalost i aktivni udrzba (opravy, uklid, ritualy) predstavuji spojené nadoby. Ptikladem eroze
sémiotického rozhrani mize byt fyzicky rozpad venkovskych kaplicek souvisejici s upadkem
nabozenské praxe (Farina, 2012).

S ohledem na vySe vymezené pojeti rozhrani mezi symbolickou a materialni rovinou vyvozuji, Ze
krajinné hodnoty vychazeji z konkrétnich potieb, prostorové odpovidaji distribuci adekvatnich zdrojd,
pficemz samy hodnoty pfedstavuji sémiotické rozhrani, které je neustile aktualizovano Cinnosti a
zkuSenosti (Obr. 5). Pokud néktery z vySe zminénych faktorti zanikne, nebo se zméni (v procesu
reflexe), dojde k erozi krajinnych hodnot a rozpadu odpovidajicich fyzickych krajinnych struktur. Tyto
kategorie (Cinnost, potfeba, zdroj) jsou platné jak na Girovni subjektivni identity, tak na kolektivni urovni,
a vzajemn¢ interaguji prostiednictvim jazyka a ptibéhu, tedy i tyto krajinné hodnoty vznikaji a zanikaji
s tim, jak se méni kolektivni identita (prosttednictvim reflexe).

Stejné vysvétleni lze aplikovat i na ztratu znalosti fungovani tradi¢nich hospodéfskych (tradi¢ni formy
agrolesnictvi, tradi¢ni hospodarska krajina), které byly ve své podstaté ekologicky udrzitelné,

3 Metodicky ramec prace

V ramci prace predstavuji nékolik pristupt, které v rizné mife kombinuji metody pievzaté z ptirodnich
a spoleCenskych véd. V hrubém obrysu jsou piirodnimi védami reprezentovany a zkoumany
biofyzikalni parametry a piibuzné koncepty, jmenovité ekosystémova integrita, sluzby a abioticky
potencial (o ohledem na koncepéni model na Obr. 1). Koncepty nalezici do symbolické roviny
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pracovniho modelu SES jsme zkoumali pomoci spolecenskovédnich pfistupil, zejména kvalitativnich
hloubkovych rozhovori (Clanek 5 a 6). Co se ty¢e metody zvané expertni hodnoceni (Clanek 3), zde
si nejsem zcela jist, jestli patii do pfirodovédnych nebo spoleCenskovédnich piistupt. Co do
aplikovaného védeckého paradigmatu bych tento ptistup fadil spi§ do pfirodnich véd, jelikoz zahrnuti
experti byli vSichni ekologové a hodnotili ,,objektivni* stav véci, nikoliv subjektivni socialni realitu.

Kvantitativni ptfirodovédné metody mély za cil kvantifikovat prostorové indikatory biofyzikalnich
parametri a stimto ohledem byly i vybirdny odpovidajici zdroje dat, vcetné odpovidajiciho
prostorového rozliSeni a celistvosti datovych sad vrozsahu definovaném studovanou oblasti.
Biofyzikalni data, které nebylo mozné vyjadrit jako souvislé rastrové vrstvy pro cely studovany region
v odpovidajicim rozliSeni (v zavislosti na velikosti studované oblasti) jsme nevyuzili. Jedna se naptiklad
o data, ktera byla k dispozici pouze pro urcité ¢asti krajiny (napf. lesy, chranéné oblasti) nebo ktera byla
prilis hrubd, aby mohla reprezentovat dostatecné diferencovany gradient pro dany rozsah studované
oblasti (obzvlast platné pro mensi oblasti, zejména region Tieboiisko v Clanku 1).

Kvalitativni a spole¢enskovédni metody mély primarné piinést hloubkové poznani o subjektivni
perspektivé studované krajiny z hlediska vybranych respondentti. Soucasti kvalitativnich rozhovort
byly témét vzdy i ,,slepé mapy, které slouzily jednak jako podpora pii vizualizaci zdjmového tizemi ale
i jako metodicky prosttedek k prostorové zachyceni probiranych fenomént. Vyuziti
georeferencovanych map v kvalitativnim rozhovoru se v literatufe oznacuje pojmem kvalitativni
mapovani. Mapovani distribuce krajinnych hodnot pfedstavuje velmi hodnotny komplement analyzy
subjektivni percepce krajiny z hlediska vyznamd, vztahi, prozitkd apod., proto jeho zahrnuti do
metodiky mélo i patficné praktické vyhody. Dle autorti, kteti kvalitativni mapovani zahrnuli do
rozhovorl a participativnich cvi¢eni, pomaha mapovani respondentiim pfemyslet o krajin¢ a rozhovotit
se o souvislostech, které by jim bez mapy a mapovani nepfisly na mysl (Boschman a Cubbon, 2014).
Vysledné mapy se typicky ptevedou do elektronické podoby v prostfedi GIS a nasledné je mozné je
kombinovat s jinymi prostorovymi daty jejich prevrstvenim a naslednou analyzou, pokud to dava smysl
(Boschman a Cubbon, 2014; Kamicaityte et al., 2019).

Prevrstveni kvalitativnich spolecCenskovédnich a biofyzikalnich prostorovych dat predstavovalo
klicovou, cilovou rovinkou celé disertacni prace. Na této urovni se hypoteticky mély protnout vysledky
distribuce ekosystémové integrity a subjektivné vnimanych krajinnych hodnot. Tuto fazi prace
zhodnocuji diskuzi této prace (Kapitola 6)

Nize jsou popsané jednotlivé metody, které jsme pouzili k reprezentaci dil¢ich komponent pracovniho
modelu SES (Obr. 6), véetné popisu té ¢asti modelu SES, kterou mély dané metody reprezentovat a jak.

{\ Ekosystémové sluiby {\ Krajinné hodnoty
Tip pidy, podloZi, kii ni, cni, ivoci ik
lip piidy, gol oz, kiima, A, T me:;ikfj‘”,’ -':g;:«'ﬂrm’n Divocina, esvzem'\a, i
morfologie i e podpiirné, kulturni rekreace, spraveovsivi

| |
» Dalkovy pricgkum Zemé « Kvalitativni rozhovory
| e -
* Kvalitativni mapovdni

Abioticky potencial Ek‘nsysté{nnvai
integrita

* Expertni hodnoceni

f
¢ Regiondlni statistiky

Obr. 6: Zjednodusené schéma pracovniho modelu SES, reprezentovaného jako kaskada ¢tyt komponent,
abiotického potencialu, ekosystémové integrity, ekosystémovych sluzeb a krajinnych hodnot. Abioticky
potencial studovaného oblasti byl hodnocen prostfednictvim regionalnich statistik. Ekosystémovou
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integritu jsme hodnotili tfemi metodami: Dalkovym prizkumem Zemé¢, expertnim hodnocenim a udaji
z regiondlnich statistik. Ekosystémové sluzby jsme zhodnotili pomoci udajii z regionélnich statistik a
expertnim hodnocenim a posledni komponent, krajinné hodnoty, byly zhodnoceny kvalitativnimi
rozhovory a mapovanim. Kruhové Sipky reprezentuji recipro¢ni interakce mezi komponenty a jejich
potencialni prekryv.

Abioticky potencial v této praci zastupuje $irsi geologické, pedologické a klimatické podminky, které
determinuji typ i potencidlni objem biotické slozky. Abioticky potencidl ptedstavuje potencial
podporovat ekosystémovou integritu, ekosystémové sluzby (zejména produkéni) a nekteré krajinné
hodnoty. Abioticky potencial jsme hodnotili v Clanku 2 prostfednictvim udaji z regionalnich statistik.

Ekosystémova integrita je v této praci definovéana jako stupeii samo-organice ekosystémil studovanych
oblasti, pficemz klicovou roli pfi jejim hodnoceni hrala zejména méteni s vyuzitim dalkového prizkumu
Zem& (Clanek 1, 2 a 4). Dil& indikatory ekosystémové integrity byly rovndz ziskany z udaji
poskytnutych regionalnim statistickym tGfadem (Clanek 2). Tyto datové zdroje byly kombinovany za
ucelem ustaveni co mozna nejvice reprezentativni sady dat, které by odpovidaly indikatorim
definovanych v literatute (Miiller, 2005; viz. Tabulka 2. Tfetim pfistupem k hodnoceni ekosystémové
integrity bylo expertni hodnoceni, kterému je vénovany Clanek 3. Timto piistupem bylo mozné
zhodnotit v8echny indikatory, které jsou definované literaturou, ovSem s mnohem niZsi pfesnosti (viz
diskuze, reflexe metod). Hodnota integrace tohoto pfistupu do celkového koncepcniho ramce (Obr. 6)
spociva v moznosti doplnit chybéjici indikatory, pro které nebylo mozné ziskat odpovidajici meteni.

Ekosystémové sluzby reprezentuji v této prace konceptualni prechod mezi ekosystémovou integritou a
subjektivné vnimanymi krajinnymi hodnotami. K jejich odvozeni jsme pouzili dvé metody: kvantifikaci
produkénich sluzeb z dat poskytnutych regiondlnim statistickym ufadem (v Clanku 2) a expertni
hodnoceni (v Clanku 3), které umoznilo zhodnotit viechny vymezené typy a druhy ekosystémovych
sluzeb, 1 kdyZ opét v hrubsim rozliSeni (na Grovni krajinného vyuziti).

Krajinné hodnoty jsou prostorové distribuované vyznamy, které vybrani respondenti z fad zajmovych
skupin v studované oblasti identifikovali a které dle pracovniho teoretického modelu interaguji
s ekosystémovymi sluzbami (Obr 6), ptipadné se vSemi tfemi komponenty modelu, které nalezi do
materialni roviny SES (Obr. 1). Diskuze ohledné kauzality mezi komponenty pracovniho modelu je
popsana v Kapitole 6, pficemz schéma na Obr. 6 je ilustrativni a slouzi k pfehledné vizualizaci vyuziti
jednotlivych metodickych piistupti. Hodnoceni krajinnych hodnot bylo provedeno v Clinku 5 a 6
pomoci kvalitativnich hloubkovych rozhovorti a mapovani.

3.1 Praktické vyzvy pfi feseni tématu

Mezi zékladni vyzkumné problémy, které predkladana prace fesi patii zejména neexistence prakticky
vyuzitelnych metod hodnoceni ekosystémové integrity krajinnych celkli. Dosavadni literatura fesi
ekosystémovou integritu zejména teoreticky (Miiller et al., 2000; Miiller, 2005; Kandziora et al., 2013),
pficemz empirické ozkouSeni navrzenych indikatort dosud chybi, nebo neni dostatecné
operacionalizovatelné (Stoll et al., 2014; 2015; Haase et al., 2018) aby mohlo slouzit jako
standardizovatelnd a Siroce pouzitelna metoda. Doposud se jisté popularité¢ teSilo hodnoceni
ckosystémové integrity pomoci expertniho hodnoceni (maticovy pfistup), zejména v souvislosti
s produkci ekosystémovych sluzeb (napi. Burkhard et al. 2012, Burkhard et al. 2014, Cai et al. 2017)
pfiemz i tato prace zahrnuje a hodnoti tento piistup (Clanek 3). Expertni hodnoceni ma své
nepopiratelné vyhody, zejména v kontextu chybégjicich dat, prostfedkt a ¢asu, nicméné pro detailni
analyzu krajin je ptili§ hrubé a nespolehlivé (Campagne et al., 2020).
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V publikovanych pracich jsme navrhli nékolik inovativnich postupi, které si kladou za cil tento problém
preklenout. Pfedné se jedna o navrh a provedeni metody hodnoceni ekosystémové integrity s vyuzitim
satelitnich snimkii a odvozené indikatory (Clamek 1, 2 a 4), které hodnoti regionalni integritu
jednotlivych typt krajinného vyuziti a celkovou integritu regionu (Regiondlni Index Ekosystémoveé
Integrity, RIEL, Clanek 1). Metoda je technicky, finanéné a Gasové nenaroéna a jeji vysledky jsou
prenositelné do vétsiny geografickych kontextli, tedy umoziuji porovnat rizné krajinné celky. Jeji
vystupy se snadno interpretuji a umoznuji identifikovat mista s vysokou a nizkou integritou a poskytuji
tak nezbytné voditko pro zlepSeni hospodaieni s ekosystémy.

Druhym dil¢im problémem je jista nekonzistentnost v definici krajinnych hodnot, subjektivni percepce
pfinost piirody a metod jejich hodnoceni (Hedblom et al., 2019). Krajinné hodnoty jsou vysoce
kontextualni, a proto je tfeba protokol sbéru dat pfizpusobit dané lokalit¢ a do jisté miry zohlednit jeji
historii, spolecenské, ekonomické a dalsi okolnosti. Prvotnim zamérem bylo zhodnotit typy krajinnych
hodnot, které by dobie korespondovaly s konceptem ekosystémovych sluzeb tak, jak jsou definované
v literatufe (napt. MA, 2005). Vhodnou typologii krajinnych hodnot, véetné vyzkumného protokolu
jsem nalezl v prace autortli Klain a Chan (2012). Tito autofi navrhli sadu typt krajinnych hodnot a
metodu mapovani, ktera byla vhodna pro kvalitativni hloubkové rozhovory. Rozhodli jsme se adaptovat
jejich protokol rozhovori (dostupny v supplementary materials ¢lanku Klain a Chan, 2012) a metodu
mapovani pro dvé piipadové studie (Clanek 5 a 6), &¢imz jsem byl schopen provést porovnatelny vyzkum
a zhodnotit pfinosy metody a zjisténi s jmenovanou studii.

Specifickym problémem a metodickou vyzvou bylo mapovani krajinnych hodnot. Primarnim cilem
zapojeni kvalitativniho mapovani bylo poskytnout prostorovy vystup, ktery by byl analyticky
srovnatelny s vySe popsanym kvantitativnim, biofyzikalnim zhodnocenim ekosystémové integrity
(Clanek 1 a umoznil zodpovézeni vyzkumnych otazek ¢. 1, 2 a 4). Za timto i¢elem bylo tieba navrhnout
postup, jak mapované hodnoty pfevést do rozhrani prostiedi Geografického Informacniho Systému
(GIS) a umoznit jejich vzdjemné porovnani.

4 Metody

Kapitola metody je vénovana popisu metod sbéru a analyzy dat, véetné popisu indikatort, které v ramci
prace vznikly. Dil¢i podkapitola je vénovana softwaru, ktery byl za tGcéelem produkce a analyzy
indikator pouzit a zahrnutym studovanym oblastim. Jak jiz bylo zminéno, jednam z cil pti vybéru
datovych zdrojii a jejich analyze byla jejich pfevoditelnost do formatu prostorovych indikatori, které by
umoznily jednak charakterizovat relevantni charakteristiky studované oblasti v dostatecném rozliseni a
detailu a které by vhodné reprezentovali relevantni komponenty zahrnuté v pracovnim modelu SES
(Obr. 1).

Ptedné je nutné uvést co v této praci ma pojem (ekologicky) indikator popisovat a jaka je jeho definice:

HIndikator slouzi k reprezentaci primo nedostupnych realit s cilem posoudit stav a vzdalenost od
pozadovaného cile” (Wiggering and Miiller, 2003)

Tato definice je platna pro biofyzikalni (ekologické) indikatory ekosystémové integrity, indikatory
odvozené z expertniho hodnoceni a dil¢i indikatory ekosystémovych sluzeb, odvozené z regionalnich
statistik. Tyto indikatory reprezentuji urcity ekologicky stav, pficemz nizké hodnoty indikuji ekologicky
mén¢ hodnotny stav, zatimco vy$si hodnoty poukazuji na stav vice ekologicky zddouci. U produkénich
ekosystémovych sluzeb jsou vyssi hladiny indikatoru ekvivalentni vyssi mife poskytovani sluzeb, bez
normativniho vyznamu.
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U indikéatori, které jsou odvozené z kvalitativniho Setfeni a mapovani krajinnych hodnot nelze fict, jestli
je kterykoliv jejich stav zddouci nebo nikoliv, ani nereprezentuji fyzickou kvantitu jakékoliv materidlni
skutecnosti. Jejich ucel je Ccisté reprezentace kvalitativnich, prostorové vymezenych fenomént
(vyznamil), které disponuji urCitou intenzitou danou tim, kolik respondentt dany vyznam zminilo béhem
rozhovort. Smyslem téchto indikator( je prostorové vymezit hodnotné lokality ve studované oblasti,
véetné rozliSeni vyznamu, ktery tyto oblasti nesou.

4.1 Studované oblasti

Spektrum studovanych oblasti (regiont) saha od velmi lokélnich az po federalni staty. Na jednom konci
spektra je studovana oblast ,,Soutok (Clanek 5), ktera se nachazi a na soutoku feky Vltavy a Berounky
na piedmésti hlavniho mésta Ceské republiky, Prahy. Studovana oblast, ktera byla vymezena uéelové
pro dany vyzkum, ma rozlohu asi 10 km? Druhou studovanou oblasti je CHKO Tieborisko o rozloze
700 km? (Hatle, 2014), coZ je oblast nachazejici se v p¥ihrani¢ni oblasti jizni Ceské republiky (Clanek
1 a 4). Zbyvajici studované oblasti zahrnuji rozlohou celé spolkové staty severniho Némecka, konkrétné
Slesvicko-Holstynsko (15.800 km?; Clanek 1, 2 a 3) a Meklenbursko-Piedni Pomotansko (23.212 km?;
Clanek 3).

4.2 Poutzity software

V ramci zpracovani a analyzy dat byly vyuzity nasledujici softwarové nastroje:

QGIS — Geograficky informacni systém, ktery jsme vyuzili k zobrazeni, ipravdim a matematickym
operacim s rastrovymi datovymi vrstvami. QGIS jsme vyuZivali ve viech &lancich, kromé Clanku 5,

kde jsme pracovali s vrstvami, které ndm externi odbornik pfipravil v obdobném komerénim nastroji
ArcGIS.

MS Excel — tabulkovy editor ktery jsme vyuzivali k sprave, transformaci a matematické upraveé dat a
vynaseni grafii. Tento néstroj je kliCovym softwarem pro zanaseni a uchovavani udajt v matici, ktera je
centralni datovou sadou, se kterou jsme pracovali v ramci expertniho hodnoceni (Clanek 3).

Atlas.ti (verze 7 a 8) — je nastroj urCeny ke kvalitativni analyze dokumentt a v této praci byl pouzit
k potizovani resersi védeckych ¢lankli a zejména k provadéni obsahové analyzy piepist hloubkovych
rozhovort.

R studio — statisticky analyticky nastroj pro vypocet korela¢nich vztahli mezi parametry, analyzy
variance a mnoha dal$ich statistickych parametrt.

ESA SNAP — dedikovany nastroj od Evropské vesmirné agentury, urceny k zobrazovani, Gpravam,
transformacim a kalkulacim rastrovych snimkl pofizenych primarn€ druzicemi ESA (mise Sentinel a
dalsi). Software je analogickym nastrojem QGIS a ArcGIS s pfidanymi funkcemi pro praci s daty z ESA
misi.

4.3 Zdroje dat, analyzy a indikatory
4.3.1 Dalkovy prazkum Zemé

Data z dalkového prizkumu Zemé, pozita v zahrnutych publikacich, pochazi z vefejné dostupnych
zdroju agentury ESA (European Space Agency), USGS (United States Geological Survey) a NASA
(National Aeronautics and Space Administration) a satelitti (ve stejném potadi) Sentinel-2, Landsat 8 a
MODIS (Moderate Resolution Imaging Spectroradiometer). Satelitni snimky byly ve vSech piipadech
vybirany s ohledem na vybrany studovany rok (2016 a 2017; Clanek 2, 1 a 4).
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Datové rastry byly zpracovany a analyzovany v softwaru QGIS a SNAP; vysledné indikatory uvadi
Tabulka 3 nize.

Tabulka 3: Indikatory, pfislusné jednotky, rozliSeni a data z dalkového prizkumu Zemé, které poskytuji
reprezentace vybranych proménnych Ekosystémové Integrity (EI). Pfevzato z Zeleny et al., 2020

No. EI proménna Indikator Jednotka Rozliseni Zdroj dat
Biotické toky vody Temperature difference 30 m
1 ° L t
(“Biotic water fows™) (TD) Cl (100 m) andsat 8
, . Normalized Diff. .

2 Zachyceni exergie Vegetation Index (NDVT) [-] 10 m Sentinel-2
3 Abioticka heterogenita Edge density (ED) [-] 10 m Sentinel-2

: e gC MODIS
4 Produkce entropie Metabolicka respirace m2y T 1 km (MOD17)

gC MODIS
5 Cista primarni produkce Cista primarni produkce m2y 1 1 km (MOD17)
6 Celkove'l ekosystemova Ekosystémovi integrita L] 10m Sentinel-2;
integrita Landsat 8

4.3.2 Regionadlni statistiky

Metoda regionalni statistiky zahrnuje vypocet uzitnych potencialii ekosystémil, jako je produkce plodin,
dieva a pice, a je zaloZena na udajich z regionalniho zemédélského statistického séitani (Clanek 2;
Statistikamt Nord, 2010). Primérné hodnoty sklizn€ riznych typt plodin byly k dispozici na stupnici
okresii a/nebo spolkové zemé Slesvicko-Hol3tynsko.

Tabulka 4: Indikatory, odpovidajici jednotky a zdroje dat vybranych indikatord Ekosystémové Integrity
(EI), Ekosystémovych Sluzeb (ES) a Abiotického potencialu. Pfevzato z Zeleny et al., 2020.

No. | EI/ES proménna Indikator Jednotka Zdroj
Zadrzeni Zivin Potencidl ztraty Relativni skala
7 (ED) nitrati od 0 do 100 LLUR (2011)
Obsfh biomasy Zbytky biomasy na Agricultural Census (Statistical
8 (“storage olich a pastvinach dv/(ha*rok) Agency North 2010)
capacity”) (EI) p P geney
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Pudni Grodnost et
Relativni $kala

9 (Ab10t1.c’ky Padni trodnost o0d 0 do 100 LLUR (2011)
potencial)
Produkce plodin Sklizefi Zemedéelské scitani (Statistiamt
v 1w , . sk
10 (ES flow) zemedeilslgcc: plodin dt/(ha*rok) Nord, 2010)

Produkce silazni
11 | kukufice (part of
ES flow)

Zemedéelské scitani (Statistiamt
Nord, 2010)

Produkce biomasy —

ES
silazni kukufice dt/(ha*rok)

4.3.3 Expertni hodnoceni

V ramci predkladané prace byla ekosystémova integrita a ekosystémové sluzby hodnoceny také
s vyuzitim expertnich matic (Campagne et al., 2020). O aplikaci tohoto piistupu pojednava Clanek 3.
Technicky se jedna o tabulku editoru MS Excel, ve které jsou fadky tvoteny jednotlivymi typy uzemniho
vyuziti (napf. hospodarsky jehli¢naty les, pastvina, orna ptida) a sloupce zastupuji jednotlivé indikatory
ekosystémové integrity a sluzeb, které dany typ izemniho vyuziti ,,produkuje.*

Tabulka 5: Indikatory Ekosystémové Integrity a Ekosystémovych Sluzeb ziskané pomoci expertniho
hodnoceni. Poznamka: indikatory nabyvaly redln€ hodnot od 5 do 90, pro detailni popis, pro¢ byla skala
zvolena v tomto rozmezi viz. Popis metody v Clanku 3.

No. | EI/ES proménna Indikator Jednotka Zdroj

Ekosystémova | Seznam Viz. Tabulka | Relativni skala

12 integrita 2 od 5 do 90

Miiller et al., 2020

Ekosystémové | Produkeni, regulacni, | Relativni Skala

13 sluzby kulturni od 5 do 90

Miiller et al., 2020

4.3.4  Kvalitativni mapovani krajinnych hodnot

Kvalitativni mapovani byly aplikovana ve dvou studiich, v Clanku 5 a 6. V obou piipadech se byla
pouzita obdobna metoda. V Clanku 5 je jednalo o analyzu stakeholdert v oblasti Soutoku Berounky a
Vltavy v Praze, kde byly vyuzity dv€ mapovaci techniky: mapovani distribuce hodnotovych vzorct
(Orders Of Worth, Boltanski a Thevenot, 1999) a analyza komunikace a vlivu mezi aktéry v oblasti
v souvislosti s planovanym vyhlasenim piiméstského parku jako ramce pro spole¢né vladnuti v oblasti.
V piipadé pripravované studie se jednalo o oblast CHKO Tiebornsko, kde autor prace mapoval hodnoty
vazané k regionu pomoci kvalitativnich pistupt (Clanek 6).

Tabulka 6: Tiidy krajinnych hodnot, pouzitych v Clanku 5 a 6

No. | Proménna Indikator Jednotka | Zdroj
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Hodnotove Obc¢ansky, trzni, pfirodni
14 | svéty (, Orders }(]i’oméc; P : [-] Dangk et al., 2019
of Worth*)
Divocina, Spravcovstvi,
Krajinné Rekreace, Estetika, , . ,
15 hodnoty Osobni, Kulturni, [-] Zeleny, 2022 (nepublikovano)
Podnikani, Vzdélavaci
5 Vysledky

Tato cast se zaméfuje na predstaveni vysledkil dilc¢ich publikaci zahrnutych v praci. Pro kazdou
publikaci uvadim cil a podcile vyzkumu, hlavni vyzkumnou otazku (pfipadné i hypotézu) a klicova
zjisténi. Obsah jednotlivych kapitol se snazim vztahnout k celkovému ptinosu k zaméteni disertacni
prace, zejména prispévku k feSeni vyzkumnych otazek a problémi popsanych v tvodni kapitole.
Zahrnuté ¢lanky a jejich vystupy piispivaji k objasnéni vhodnosti zvolenych metod z praktického
hlediska, prohlubuji teoretickou znalost zkoumanych konceptll a interakci mezi koncepty, které
odpovidaji komponentiim hypotetického modelu krajiny, ktery je patefnim konceptem této prace (Obr.

1.

5.1 Clének1a4

Prvni ¢lanek této prace (ktery se obsahové kryje s kapitolou v knize, Clankem 4) se piedeviim zamétuje
na navrh a provedeni inovativni metody hodnoceni ekosystémové integrity. Problém, ktery vyzkum tesi,
je zejména nedostatek prakticky proveditelnych metod hodnoceni stavu ekosystéml v soucasné
literatue. Tedy, ne ze by byl nedostatek metod hodnoceni rlznych aspektii ekosystému, vcetné
biodiversity. V soucasnosti dostupné metody jsou budto zalozené na extrémné sofistikovanych
ekosystémovych modelech, narocném sbéru terénnich dat, pfipadné zpoplatnénych datech. Navic,
veétSina pristupl neposkytuje vystupy, které¢ by byly porovnatelné pro rizné regiony svéta, pro rizné
typy krajinného vyuziti (antropogenni i pfirodni ekosystémy) a/nebo v dostatecném rozliSeni, aby je
bylo mozné pouZit k popisu krajinné mozaiky ekosystémii (viz prehled literatury v Clanku 1).

Clanek 1 pfedstavuje metodu, kterd je jednou zprvnich empirickych aplikaci termodynamického
pristupu k hodnoceni ekosystémové integrity, konkrétné indikatord vyvinutych na pracovisti v Kielu
tymem prof. Felixe Miillera (Miiller et al., 2000; Miiller 2005; Kandziora et al., 2013).

Cilem prace bylo tedy vyvinout a aplikovat metodu hodnoceni ekosystémové integrity na zakladé dat
z dalkového priizkumu Zemé, a ohodnotit integritu vybraného regionu, kterym bylo CHKO Ttebotisko
v Ceské republice a spolkovy stat Slesvicko-Hol§tynsko v severnim Némecku. Resenou vyzkumnou
otazkou bylo zjistit, jestli jsou vybrané datové sady vhodné k reprezentaci krajinnych celkd, sestavajici
se z antropogennich a ptirodnich ekosystému. Hypotézou prace byl predpoklad, Ze piirodni a vysoce
produktivni ekosystémy budou mit vysokou integritu, zatimco degradované a antropogenni povrchy
nizkou, coz se potvrdilo.

5.2 Clanek?2

Zatimco prvni ¢lanek ptredstavuje metodickou a teoretickou exploraci konceptu ekosystémové integrity,
druhy ¢lanek se zaméfuje na jeho aplikaci v souvislosti s dal§imi prvky hypotetického krajinného
modelu (Obr. 1), konkrétné¢ abiotickym potencidlem a produkénimi ekosystémovymi sluzbami
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(produkce zemé&délskych plodin, pice a dieva). Zkoumanou oblasti byl spolkovy stat Slesvicko-
Holstynsko.

V praci jsme se ptali, jak souvisi ekosystémova integrita s abiotickym potencidlem a produk¢énimi
ekosystémovymi sluzbami. Primarni hypotézou byl predpoklad, Ze ekosystémova integrita bude
pozitivné korelovdna s produkénimi ekosystémovymi sluzbami, coz se nepotvrdilo. Naopak, mezi
obéma komponenty byl zjistén silné negativni vztah, zejména s ohledem na produkci zemédélskych
plodin (a konkrétné¢ silazni kukufice). Z vyzkumu vyplynulo zjisténi, Ze moderni priamyslova
zemédelska produkce degraduje ekosystémovou integritu, pficemz hypotézou je, Ze jeji vysoka
produktivita je mozna jedin¢ diky pfitomnosti antropogennich vstupti, konkrétn¢ mineralnich hnojiv
(indikator piebytek dusiku), jejichz funkci je suplovat degradovanou ekosystémovou integritu. Z vyse
uvedeného jsme tedy dosli k zavéru, Ze hypotéza o pozitivnim vztahu mezi integritou a sluzbami nebyla
vyvracena ani potvrzena, respektive ze odpovéd je zavisla na typu produkcniho systému (a ze tedy
muzeme rozlisit produkéni systémy, které jsou zavislé na umélych suplementech a ty, které vyuzivaji
pfirozenou samo-organizaci). Zjisténi prace pfispiva k posunu znalosti o charakteru a dopadech
pramyslové zemédélské produkce, neudrzitelnosti hospodaieni a posunulo znalost v oblasti teorie
ekosystémové integrity, pricemz tato znalost byla integrovana do definice konceptu uvedené v Tabulce
1.

5.3 Clanek 3

Trteti ¢lanek je cele vénovany hodnoceni ekosystémové integrity a sluzeb pomoci expertniho pfifazovani
hodnot na relativni $kale. Ptistup je oznaCovan jako maticovy (,,Matrix approach*; Campagne et al.,
2020), jelikoz je jeho jadrem tabulka rdznych typa krajinného vyuziti a jejich odpovidajici hladiny
ekosystémové integrity a sluzeb. V této praci jsme, oproti predchozim variantam, hodnotili i moiské
ekosystémy, pri¢emz zkoumanou oblasti byly spolkové staty Slesvicko-Holstynsko a Meklenbursko-
Ptedni Pomortansko.

Vyzkumné otazky se ptaly, jestli mohou byt expertni matice pfinosem pro krajinny management a jaké
jsou limity a nejistoty piistupu. Na zakladé¢ hodnoceni jsme dosSli k zaveru, Ze expertni matice
predstavuji konzistentni a praktickou metodu hodnoceni krajinnych celkii. Mezi Cetné nedostatky
metody patii zejména nizka presnost vystupnich dat, které nezohlednuji regionalni variabilitu, pouze typ
krajinného vyuziti. Rovnéz nekonsistence v definici indikatorii ekosystémové integrity a sluzeb hraly
roli, pti¢emz specifickou vyzvou bylo pfimét zahrnuté experty, aby se dohodli na jednotné interpretaci
pojmi. V ramci prace jsme dosli k z&véru, Ze navzdory omezenim je pfistup velmi hodnotny, zejména
diky nenarocnosti sbéru dat, schopnosti zhodnotit rtizné typy krajinného vyuziti a indikatorti
ckosystémové integrity a sluzeb. Jeho hlavni vyuzitelnost spatfujeme tehdy, pokud neni dostatek
empiricky méfenych dat nebo nejsou kompletni, pficemz maticovy ptistup mize vyplnit pfipadna slepa
mista.

5.4 Clanek 5

Prace vznikla v navaznosti na socio-ekonomickou studii pro zaloZeni priméstského parku ,,Soutok*
v oblasti #i&ni nivy pii soutoku feky Berunky a Vltavy v Praze, Ceské republice, ktera byla fesena jako
zakazka pro Institut Planovani a Rozvoje hlavniho mésta Prahy®. Smyslem vyzkumné studie bylo podat
podrobny popis socialniho terénu oblasti a poskytnout nastroje a doporu¢eni pro jednani s mistnimi
zajmovymi skupinami. Za timto ucelem byly pofizeny kvalitativni rozhovory se zastupci vybranych

6

https://iprpraha.cz/uploads/assets/dokumenty/kvp/Soutok/3.2%20souhrnna_vyzkumna_zprava_soutok_final.
pdf
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zdjmovych skupin, pfiCemz vysledky byly zpracovany v podobé mapovych vystupil, zachycujicich
distribuci krajinnych hodnot a komunikacni vztahy mezi aktéry. Hypotéza prace stanovila, ze aktéfi
budou receptivni k argumentim, které budou odpovidat jejich zastdvanym hodnotovym rdmctim, a ze
dobré vztahy budou mit aktéfi, které sdileji stejné hodnotové ramce. Mista, kde dochézelo k prekryvu
riznych hodnotovych ramcti budou korespondovat s misty potencidlniho konfliktu nebo synergie
s riznymi z&jmy.

5.5 Clanek 6

Sesty, dosud nepublikovany ¢lanek, piedstavuje volné navazanou studii na Clanek 1 a 4, které se vénuji
biofyzikdlnimu hodnoceni ekosystémové integrity na zaklad€ dat z dalkového prazkumu Zemée. Dil¢im
cilem prace bylo doplnit biofyzikéalni hodnoceni kvalitativnim mapovanim krajinnych hodnot a ptispét
k zodpovézeni hlavni vyzkumné otazky: jak souvisi krajinné hodnoty s krajinnymi prvky a
ekosystémovou integritou? Hlavni vyzkumna otazka se ptala, jaké hodnoty akcentuji aktéti, zastupujici
hlavni zajmové skupiny v oblasti. Studovanou oblasti byla CHKO Ttebotisko v Ceské republice.

Prace se metodicky opirala o kvalitativni rozhovory a kvalitativni mapovani krajinnych hodnot, pfi¢emz
mezi feSené metodické vyzvy patfila zejména produkce prostorové reprezentace mapovych vystupl a
jejich porovnani s mapou biofyzikalniho hodnoceni ekosystémovych sluzeb. Vyzkum odhalil
pritomnost tii typ kolektivnich hodnotovych ramci, reprezentujici tfi hlavni perspektivy zkoumané
oblasti: CHKO Ttebon jako a) hospodatska, b) turisticka/rekreacni a c) pfirodni krajina. Nejhodnotnéjsi
krajinné prvky byly ty, kde se protinala jak pfirodni hodnota, tak kulturni a hospodarskd (hodnota
spravcovstvi). Naopak nejméné hodnotné byly jednoucelové povrchy, typicky orna ptida a hospodaiske
lesy, pficemz o intenzité a pestrosti hodnot rozhodovala i pfitomnost infrastruktury v podobé cest, silnic
a turistickych zafizeni.

Z hlediska vazby mezi ekosystémovou integritou a krajinnymi hodnotami byly u€inény dil¢i zavery,
nicmén¢ jasnd vazba nalezena nebyla. Celkové lze fict, Ze krajinné hodnoty byly distribuovany kolem
hlavnich kulturnich a turistickych center, a zejména kolem pateini infrastruktury tvofeni cestami,
silnicemi a fekami Luznici a Nezarkou. Ur¢ité hodnoty byly typicky svazané s méstskymi povrchy
(nizka integrita), zejména kulturni hodnota. Lokality s vysokou ekosystémovou integritou nebyly vzdy
hodnotné z hlediska krajinného vyznamu, a zalezelo na pfitomnosti infrastruktury a dalSich hodnot,
zejména kulturni a rekreacni. Odlehlé a ¢lovékem malo zasaZené oblasti byly vyznamné z hlediska
hodnoty divociny, nebo nebyly zminiovany viibec, coz vysvétluji nepfitomnosti infrastruktury, kterd by
Cinila tyto lokality fyzicky dostupnymi, pfipadné nepfitomnosti kulturnich a rekreacnich prvka
(jednoucelovost, napt. hospodaiské lesy), i kdyz tyto lokality byly z hlediska ekosystémové integrity
hodnoceny relativné vysoko.

5.6 Celkové zhodnoceni vysledk

S ohledem na jmenované modelové schéma SES (Obr. 1) pfispély vysledky zahrnutych studii takto:
Clanek 1 a 4 se vénuje vyvoji a aplikace metody hodnoceni ekosystémové integrity a Clanek 2 popisuje
vztah mezi abiotickym potencialem, ekosystémovou integritou a sluzbami. V ramci Clanku 2 jsme
identifikovali silny negativni vztah mezi ekosystémovou integritou a produkénimi ekosystémovymi
sluzbami, konkrétn¢ sklizni zemédélskych plodin. Nicméné vazby mezi komponenty nebyly zcela
jednoznacné a silnou roli hral antropogenni vstup, ktery nebyl dostate¢né zastoupen mezi proménnymi.
Clanek 5 a 6 se vénoval mapovani krajinnych hodnot, pficemz Clanek 6 se zam&foval mj. na popis
vazby mezi ekosystémovou integritou a krajinnymi hodnotami. Ekosystémova integrita byla prostorove
korelovana s krajinnymi hodnotami tehdy, kdyZ byla pfitomna i patfi¢na infrastruktura a dal$i krajinné
vyznamy jako moznost rekreace nebo kulturni hodnota, pficemz integrita, infrastruktura a pestré
krajinné hodnoty spolu byly vzajemné provazany.
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6 Diskuse

6.1 Zhodnoceni metod a jejich komplementarity

V této Casti jsou popsané Ctyfi hlavni metodické pfistupy vcetné jejich silnych a slabych stranek a
moznosti kombinace mezi metodami dle zkuSenosti nabytych v zahrnutych publikacich. Za nejvice
detailni a zarovenn Casové narocné metody bylo shledano hodnoceni na zikladé dat z dalkového
prizkumu Zemé a kvalitativni Setfeni a mapovani. Naopak nejméné detailni, zato pomérn€ snadno
proveditelna, byla metoda hodnoceni ekosystémovych sluzeb na zakladé regionalnich statistik a expertni
hodnoceni ekosystémové integrity a sluzeb.

Expertni matice mohou poslouzit zejména tam, kde nejsou k dispozici jiné, spolehlivéjsi zdroje, nebo
jako doplnék k indikatorim, pro které se data nepodafilo ziskat. Jejich pfinos muze také spocivat
v poskytnuti hrubého odhadu kli¢ovych parametrii pro rozsahla tzemi (staty a spolkové staty), pro ktera
se souvisla empirickd méfeni ziskavaji obtizné€. Pro detailni hodnoceni (mala uzemi, vysoka rozliSent)
je expertni hodnoceni nicméné pomérné malo hodnotnou metodou, a rovnéz jeji kombinace s ostatnimi
zde zminovanymi metodami ma zna¢na omezeni praveé kvuli nizké urovni detailu a m¢la by tedy byt
vyuzita spisSe jako dopliikové/orientacni.

Je pozoruhodné, Ze v hrubych obrysech byly expertni hodnoty ekosystémové integrity analogické
vysledkiim na zaklad¢ empirického méfeni. Lesni porosty mély ve vSech ptipadech nejvyssi hodnoty
ekosystémové integrity, kulturni povrchy (pastviny, pole) byly n€kde uprostted a méstské povrchy
ziskaly nejménég. Dilezitym zaveérem pfii porovndvani piistupt je, ze zatimco experti ptifadili orné pade
témét maximum, co se tyce indikatoru ,,zachyceni exergie,* empirické metody zaznamenaly stiedni az
nizs1 hodnoty (v porovnani s hospodarskymi lesy). Orna ptda je typ krajinného pokryvu, ktery je, na
rozdil od ptirodnich nebo polo-ptirodnich ploch, typicky pokryt vegetaci pouze po omezenou dobu
b&hem vegetaéni sezony. Orné pudé vsak experti piifadili stejnou miru zachyceni exergie jako lesu, coz
muze vychazet z jejich predstavy orné pudy jako ekosystému, ve kterém je maximalizovana fotosyntéza.
V kontrastu s expertnim hodnocenim ma orna puda dle dat z dalkového prizkumu Zemé primérnou az
podprimérnou produktivitu ve srovnani s lesem (ktery mé typicky maximalni hodnoty ve vsech
indikatorech ekosystémové integrity). Tento nesoulad poukazuje na mozny nepomér v hodnoceni
expertl se skutecnym meéfenim, a proto jejich silnému nadhodnoceni indikatoru zachyceni exergie u
konvenéniho zemédélstvi, vyplyvajici zjejich subjektivnich predpokladf, se kterymi k hodnoceni
riznych typt krajinného vyuziti ptistupuji.

Jednoznacné nejvice detailni biofyzikalni metodou je hodnoceni na zakladé€ dat z dalkového prizkumu
Zem¢, pricemz velmi vysoké Casové (kazdych 5 dni) a prostorové rozliSeni vysledki bylo ziskano
ze satelitu Sentinel-2. Landsat 8 poskytuje data, ktera maji ponékud niz$i prostorové rozliseni (fe€ je o
termalnich snimcich, multispektralni vyuzity nebyly, 1 kdyZ by to mozné bylo) vcetné Eetnosti snimkti
v daném ¢asovém useku (oproti Sentinelu-2, ktery je v soucasnosti tvofen dvéma druzicemi, je Landsat
8 zastoupen pouze jednou druzici a ma tedy nizsi frekvenci snimkovani - 16 dni). Satelit MODIS ma ze
rozliseni (kazdé 1-2 dny). Idealni je samoziejmé vSechny tfi zminéné satelity kombinovat tak jak jsme
to provedli v Clanku 2, oviem pouze v piipadé relativné rozséhlejsich uzemi (zaleZi na studovaném
fenoménu a pozadované trovni detailu) nez je CHKO Ttebonsko, coz je diivodem, pro¢ jsme MODIS
nepouzili v Clanku 1.

S ohledem na vySe zminéné je nutné konstatovat, Ze data s nizkym prostorovym rozliSenim (napft.
pochazejici z méfeni sensoru MODIS) nejsou vyuzitelnd v kombinaci s kvalitativné mapovanymi daty,
protoze kvalitativni mapovani se pro rozsahlejsi izemi provadi velmi komplikované a bylo by potieba
mnohem vétsiho poc¢tu respondentd nebo jinad metoda sbéru dat, napiiklad rozsahla studie vyuzivajici
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tzv. PPGIS (Public Participatory GIS; Brown a Kyttd, 2013), pfipadn€ v kombinaci s prediktivnim
modelovanim distribuce hodnot (naptf. Sherrouse et al., 2011, 2014). Jak poukazaly zavéry studie
v Clanku 5 a 6, kvalitativni mapovani je nejvhodn&jsi pro relativné malé krajinné celky (Clanek 5
zahrnoval oblast o rozsahu cca 10 km?) pii¢emz v piipadé CHKO Tieboiisko (700 km?) uz tento piistup
narazel na limity ve smyslu, Ze nebylo mozné rovnomérné pokryt celé tizemi, coz dale komplikovalo
porovnani s biofyzikalnim méfenim, které hodnotilo celou oblast rovnoméme.

Data ziskand zregiondlnich statistickych udajii byla v této praci vyuzita predevS§im k reprezentaci
ekosystémovych sluzeb, pficemz zejména udaje o skliznich, t€Zbé apod. hraly klicovou roli. Tato data
neni typicky mozné ziskat jinou cestou, proto jsou regionalni statistiky asto nenahraditelnym zdrojem
informaci o jevech, které se velmi obtizné hodnoti empiricky. Jejich nedostatkem je zejména
omezené/nehomogenni prostorové a &asové rozliseni (v Clanku 2 bylo mozné tato data ziskat pouze na
urovni municipalit a pouze pro rok 2010), protoZe tato data ¢asto nejsou konsistentné sbirana, ptipadné
nejsou dostupna, napt. z diivodu ochrany osobnich tdaji. Navic, tato data jsou tézko ovétitelnd a nékdy
neni mozné zcela pfesné interpretovat, co dana Cisla konkrétné reprezentuji. Tato kritéria omezuji
porovnatelnost metody zalozené na regiondlnich statistikach s daty z dalkového prizkumu Zemé a
s ostatnimi metodami, nicméné pokud je vyzkumnym zdmérem zahrnuti parametrii tykajicich se
klicovych aspekti hospodateni a poskytovani n¢kterych kliCovych ekosystémovych sluzeb, casto neni
na vyber.

6.2 Uskali spojena s aplikaci smigenych metod

Jednotici osou prace je snaha o aplikaci smiSeného metodického ptistupu (,,mixed methods*) pticemz
tato cast se zabyva zhodnoceni, do jaké miry se podaftilo propojit piirodovédné a sociologické metody
s ohledem na produkci poznani o zkoumanych regionalnich celcich. Divodem pro zahrnuti metod
z oblasti ptirodnich a spolecenskych véd byla zejména snaha o holisticky popis krajinnych celkd pii
zahrnuti materialni i socialné-kulturni stranky studované oblasti. Dal§imi diivody pro pouziti smisenych
metod je zejména moznost potvrdit zjiSténi prostifednictvim triangulace a komplementarity (Greene et
al., 1989; Johnson et al., 2004).

S ohledem na zkuSenost pii snaze o integraci vystupll z biofyzikalniho a spole¢enskovédniho hodnoceni
je nutné konstatovat, ze tento kol byl nesmirné¢ komplikovany a vysledné zavéry lze Cinit pouze
s nejvyssi mirou opatrnost a zdrzenlivosti. Dlivodem pro tuto problemati¢nost je zejména fundamentalni
odlisnost informace, kterou oba pfistupy generuji, a ackoliv z pohledu analyzy dat nebylo tolik problém
korelace mezi datovym vrstvami provést, z pohledu povahy dat takové analyzy nedévaly smysl (a ani
zadné korelace zjistény nebyly, mj. i proto tyto vysledky nejsou dokumentovany). P¥i¢inou nesourodosti
je zejména fakt, Ze ob€ metody (prirodovédné a spolecenskoveédni) popisuji zcela odlisny aspekt krajiny
(Hunziker et al., 2007; Hedblom et al., 2019): zatimco biofyzikalni metody se soustiedily na hodnoceni
strukturnich a prostorovych parametrti krajiny, méfenych prostfednictvim optickych senzori a na
zaklade¢ statistickych udajt, sociologické metody hodnotily subjektivni percepci.

Ackoliv byl pfedmétem studia stejné vymezeny geograficky region, zapojené metody aplikuji nestejny
pristup k povaze reality (ontologie). Pfedné pii aplikaci biofyzikalnich metod se pfedpoklada jista mira
objektivity a zakonitosti, coz umoznuje aplikaci teoretickych modelti na méfena data. Nicmén¢ i
v ptipad¢ studia SES tak, jak to je aplikovano v této praci, je objektivni hledisko lehce zpochybnitelné,
jelikoz SES jsou ze své povahy vzdy vymezeny perspektivou badatele (Preiser et al., 2018).

V ptipadé sociologickych dat je pozadavek objektivity nemozny, nicméné i pomérné badatelsky
prominentni pozadavek na zobecnitelnost vysledkd je diskutabilni, pfestoze v ramci kvalitativnich studii
v této praci (Clanek 5 a 6) byla snaha o celou fadu zobecnéni. Jednalo se zejména o snahu aplikovat
teoretické koncepty hodnotovych ramci a krajinnych hodnot, které vychazeji z konceptu
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ekosystémovych sluzeb. Pfi snaze o vyvozeni zobecnitelnych zavért z kvalitativniho Setfeni dochazi
k jistému vnitfnimu rozporu ohledné rizik spojenych s odpojenim dat od kontextu, ve kterém byly
zkoumany.

, Podle nekterych prednich autorii kvalitativniho vyzkumu by vyvoj zobecnéni nemel byt cilem
kvalitativniho vyzkumu, a to predevsim proto, Ze se ma za to, Ze odstranuji kontext z vyzkumného zjisténi
a v dusledku toho poskytuji zjisteni, které je v realné situaci casto malo nebo zcela neuzitecné (Lincoln
& Guba, 1985; Guba & Lincoln, 1989) ... Koncept odstranovani kontextu, ke kterému dochazi pri
zobecnovani, se nékdy nazyva ,,pohled odnikud” (Nagel, 1986). Jini kvalitativni vyzkumnici se
domnivaji, Ze zobecnovani je casto dilezitym cilem kvalitativniho vyzkumu (Hammersley, 1992;
LeCompte & Preissle, 1993; Onwuegbuzie & Leech, 2004) “ (Johnson et al., 2004)

Dle autori Manuel-Navarrete et al. (2021) je spravna rovnovaha mezi zobecnénim a kontextualitou
dilezitym kritériem pro pfirodovédné i spole¢enskovédni metody. Zde se ale patrné nejedna o otazku
nalezeni kompromisu, ale spise o kvalitativni posun védeckého paradigmatu smérem k takovému, ktery
je schopen integrovat oba zjevné protichtidné aspekty v jejich plnosti.

., Socialne-ekologicky vyzkum musi zahrnovat etnografickou a narativni studii Zivotnich trajektorii
agentii, véetné zamérného zapojeni do konstrukce identit a socialnich pozic. Socialni vyzkumnici zase
potrebuji vyvinout zpiisoby objektivizace subjektivni dimenze, aniz by rozbili subjekt, a poskytnout
obecna pravidla o procesech tvorby vyznamii, aby subjektivita mohla byt ucinné integrovana do
systémového vyzkumu. * (Manuel-Navarrete et al., 2021)

Subjektivita zahrnuje schopnost sebereflexe a schopnost prekonfigurovat socialni pravidla, ve kterych
se pohybuje s ohledem na pozadovany smér vyvoje. Subjektivita disponuje politickou vuli ovliviiovat a
pretvaret socidlni realitu vcetné biofyzikalni. Tedy ackoliv biofyzikalni realita umoziuje vznik a trvani
védomi (mozek, nervova soustava apod.), védomi neni biofyzikalnimi parametry zcela determinovano
(Dennett, 1993). Misto toho, mezilidské interakce a sebereflexe vlastni pozice v kulturnim prostiedi a
vlastni zivotni trajektorie s ohledem na minulost a aspirovanou budoucnost ovliviiuji subjektivni
percepci (Hedblom et al., 2019) a jsou zakladem vzniku emergentnich socialnich (a nasledné i socio-
ekologickych) jevt, které jsou bezprecedentni, a tedy v pravém smyslu slova nové (,,novelty*; Manuel-
Navarrete, 2015). Moznost novosti déla zivé systémy nedeterministické a neredukovatelné¢ na sumu
dosavadniho pozorovani a z ného vyvoditelné abstraktni zakony, jak se o to snazi objektivni véda
(Johnson et al., 2004).

Kli¢ovou otdzkou pii hodnoceni vystupt usilujici o propojeni prirodovédnych a sociologickych vystupti
je nedostatecna znalost a zohlednéni vSech pulisobicich faktort. Jinymi slovy, pfi utvafen subjektivni
predstavy o povaze krajiny, a jejich hodnotach, pfichdzeji do hry faktory, které nejen Ze nemusi souviset
s materidlni realitou (jsou produkty sebe-reflexe, ale aplikuji se pii percepci krajiny), nemusi souviset
ani se socialni realitou (kultura, historie, ekonomické podminky) a mohou byt Cisté psychologické
povahy (Cote and Nightingale 2012; Davidson 2013; Manuel-Navarrete, 2015). Jesté jinymi slovy,
védomé bytosti maji vlastni interni trajektorii a dynamiku, jejiz komplexita (mnozina moznych stavil)
saha daleko za hranici moznosti, které nam nabizi védecky popis. Tedy ackoliv by hypoteticky (pii
zahrnuti vSech proménnych, materialnich, kulturnich, historickych a psychologickych) bylo mozné
deterministicky popsat konkrétni interakci mezi symbolickou a materialni rovinou SES, realné narazime
na limity jazyka a rozumu jakozto nastroje, ktery je schopen pracovat pouze s omezenym mnozstvim
proménnych.

LYAutonomie intrasubjektivnich procesii od socialné-ekologické materiality problematizuje nase chapani
toho, jak socialné-ekologicka vazba ve skutecnosti funguje. Je-li subjektivita emergentnim jevem, jakou
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roli pak hraje ve spojovdni (nebo rozpojovani) socidlnich a ekologickych procesu? Které aspekty
spolecenskeé organizace se mohou stdt skutecné autonomnimi na ekologickych procesech? Které z nich
Jjsou strukturdlné omezeny nebo néjak determinovdany materialovymi procesy? ... Socidlné-ekologické
modely [ ...] jsou symbolicko-védecké systémy, které se snazi napodobit pozorovany nebo predpokladany
materialni rozmer skutecnych SES zpiisoby, které lze do jisté miry oznacit objektivnimi ... Dvojité
spojené socialné-ekologické systémy implikuji vzajemné zavislosti mezi vnitinim svétem, napr. sny,
fantaziemi nebo emocionalnimi reakcemi, a viejsim svétem, naprv. socialni a biofyzikalni jevy* (Manuel-
Navarrete, 2015)

Vyse uvedenym tvrzenim vSak nechci fict, Ze by védecky pfistup nemél pfi popisu SES patiicnou
vypovidaci hodnotu, spis usiluji o pfedstaveni vyzev, se kterymi se véda o udrzitelnosti musi vyrovnat
a zejména se na n¢ adaptovat, aby se vyvarovala vyvozovani pokiivenych nebo zcela nespravnych
zavery, které vychdzeji z predpojatosti dominantniho védeckého diskurzu zalozeného na ontologické
dichotomii mezi ptfirodou a kulturou, na piedstavé statiCnosti svéta charakterizovaného neménnymi
zakony, a metod¢€ zaloZzené na rozebrani studovaného predmeétu na jeho ¢asti v nad¢€ji ze pochopime jev
jako celek.

6.3 Teoretické zavéry plynouci z vysledkd prace

Aplikace smiSenych metod v této praci ptinesla kromé metodickych obtizi i dil¢i zjisténi, které v této
casti rozeberu. Fokalnim tématem prace bylo hodnoceni ekosystémové integrity a zptisobu, ktery tento
pojem reflektuji konkrétni obyvatelé zkoumané krajiny. Tazani respondenti samoziejmé pojmu
ekosystémova integrita nerozuméli, nicméné jejich predstava o ekologické stabilité daného regionu byla
pomérné jasna, Ize proto predpokladat Ze jimi pouzivané terminy (pfiroda, pfirodni stabilita, ekologicka
stabilita a stav) jsou analogické terminu ekosystémova integrita (ktery je jakozto holisticky koncept
nastesti schopen tyto stejné Siroké laické koncepce bezezbytku pojmout).

Pfedné je nutné fict, Ze environmentalni (ekologickd) perspektiva byla vlastni respondentiim zahrnutym
v Clanku 5 a 6. Environmentalni hledisko zde bylo velmi siln& p¥itomné v tom smyslu, Ze v podstaté
vsichni tazani respondenti ptirodni hodnoty dané krajiny vyzdvihovali, i kdyz z riiznych perspektiv.
V CHKO Tiebonsko byl zna¢né patrny rozpor mezi pojetim ekologické udrzitelnosti mezi zastupci
ochrany piirody a hospodafi. Zatimco prvni skupina chapala ekologickou udrzitelnost pfimo umérnou
omezeni jakéhokoliv lidského zasahu, druha skupina povazovala soustavny lidsky zasah za podminku
ekologické stability (a ochranu ptirody povazovala za hrozbu pro tuto stabilitu). Tento zajimavy jev byl
ramovany faktem, Zze CHKO Tteboiisko je zcela antropogenni krajina, ale od moderni pramyslové
krajiny se vyrazn¢ lisi svym respektem k morfologickym a biologickym podminkam.

Konkrétni zajimavé zjisténi bylo, Ze néktefi hospodati povazovali pfitomnost chranénych druht (vydra,
orel) v CHKO Tieboiisko za signal Spatné¢ho ekologického stavu (v kontrastu s zastupci ochrany
ptirody). Jejich vysvétleni bylo, Ze tyto druhy se pouze pfiZivuji na zbytcich z produkce (zejména
rybarského primyslu) a sami o sob& by v prostiedi neptezili. Tyto nuance vrhaji nové svétlo na pojeti
biodiversity a ekosystémové integrity. Predné, lidské hospodaieni mize byt pro ekosystémovou
integritu nejen prospésné, ale i klicové, jelikoz bez hospodafeni by se postupné systém vratil do
puvodniho stabilniho stavu, charakterizovaného nizsi ekosystémovou integritou (dle definice v této
praci). V ptipadé CHKO Ttebonisko by se jednalo o moktadni typ krajiny s pfitomnosti anaerobnich
oblasti a nizkou produktivitou a krajinou heterogenitou. Je ale zajimavé, ze v ekologii je mySlenka
mozného pozitivniho vlivu lidského hospodareni na ekosystémovou integritu pomérn€ vzacna a velmi
malo prokoumanad. Lidsky faktor je v tradici ekologické integrity typicky chapan jako stresor (Manuel-
Navarrete et al. (2004); Vining, 2008) pfi¢emz koncepty zvazujici néjakou formu konstruktivni
symbidzy mezi ¢lovékem a ekosystémy, ktera pfevysuje integritu ,,netknuté” pifirody jsou extrémné
teoretické (vagni). To samoziejmé souvisi i s celkovym nastavenim primyslové spoleCnosti a
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ekonomického uvazovani, které v ptirod€ vidi predev§im zdroj (Farina, 2012), pfi¢emz prominentni
koncepty jako jsou ekosystémové sluzby tuto predstavu zdsadné nerozporuji.

Jednim z dil¢ich cilii prace bylo i poskytnuti zjisténi aplikovatelnych v hospodateni s ekosystémy a
krajinou. Jednim z moznych zavéra této prace je, ze zakonzervovani (omezovani) krajiny nemusi vést
k zachovani nebo optimalizaci ekosystémové integrity, vcetné biodiversity. Pfipady, kdy lidske
hospodateni vede k drastickému poklesu ekosystémové integrity, jako tomu je ve Slesvicku-Hol$tynsku
(Clanek 2), jsou spise dané typem hospodateni, které je silnd zavislé na umélych vstupech a
homogenizaci. Takové hospodateni ale neni myslitelné bez levnych fosilnich paliv, chemikalii a
patficného dota¢niho/cenového systému, jelikoz samo o sobé¢, primyslové zemédélské hospodareni je
velmi podtadné (neproduktivni) ve srovnani s méné intenzivnimi typy hospodareni (napi. hospodaiské
louky a lesy), které vykazuji mnohem vys$si miru zachyceni exergie, tokll energii a dalSich parametrti
ekosystémové integrity.

Zajimavé je, 7e vhodnoceni ekosystémové integrity (Clanek 1) vyslo Tieboiisko ve srovnani s
Slesvickem-Holstynskem jen o malo 1épe diky vyrazné vétsi plose lest. Tiebotisko mé z hlediska
ekosystémové integrity znacné rezervy s ohledem na hospodateni na loukach a zemédé€lské pade, i kdyz
zbytek regionu je vesmés v dobrém stavu. Navzdory ochrané ptirody se i v Trebonsku aplikuje
primyslové hospodateni (s jesté horsimi vysledky neZ ve Slesvicku-Hol3tynsku), pfi¢emz kontrast
v ekosystémove integrité mezi zemeédélskou ptidou a napt. moktadnimi, litoralnimi a biehovymi porosty
kolem vodnich té&les jsou markantni. V Clanku 1 jsme se snazili uzaviit vysledky doporu¢enim, aby se
pramyslové hospodafeni inspirovalo fungovanim vice samo-organizovanych ekosystému (=
nezavislych na umélych vstupech), ktera c¢asto vykazovaly az dvojnasobnou fotosyntetickou
produktivitu, o dalSich parametrech ekosystémové integrity nemluve.

S ohledem na ,.kulturu® nakladani s ekosystémy tvahu ramovat v pojmech modelu na Obr. 5. Pokud
udrzitelné a respektujici nakladani s krajinou vyZaduje aktivni pfitomnost jeho obyvatel v ,,terénu® aby
nedoslo ke ztrat€ naucenych mechanismii (sémiotického rozhrani), primyslové hospodaieni diky
mechanizaci vede k odtrzeni obyvatel od krajiny a nasledné ztrat€ patficnych krajinnych hodnot. Tim,
Ze se obyvatelé st€huji do mést, travi stale vice ¢asu ve virtualnim prostoru a dramaticky klesa podil
lidské sily v hospodaiskych odvétvich na tkor mechanizace a chemizace, dochazi k pietrzeni vazeb
s krajinou a zapomenuti tradi¢nich femesel, ktera byla zaloZena na udrzitelném nakladani s ekosystémy.
Ne nahodou si hospodati na Tiebonsku stézovali, ze tradini rybaiské femeslo je v ohroZeni, protoze
dramaticky klesly poCty zaméstnancli v tomto oboru a tato znalost se vytraci. Na druhou stranu,
respondenti z fad lesnikti poukazovali na vazbu mezi aktivni praci v lese a vztahu k ptirodé a krajing,
véetné role pamétihodnosti, pfipominajicich tradici lesnictvi na Tiebonsku (s odkazem na Obr. 5, znaky
a vyznamy). Vedouci rybaiského oddilu zdaraziioval, jakou roli hraje rybateni déti pfi jejich osobnim a
moralnim vyvoji a budovani respektu k piirodé a druhym lidem.

Tyto stfipky poukazuji na dileZitost vazby mezi krajinnymi hodnotami a aktivni pfitomnosti lidi
v krajin€, vCetné role znalostnich systémi, které uchovavaji poznatky o tom, jak se o ekosystémy
udrzitelné¢ a zodpovédné starat. Tyto vazby celi ohrozeni v kontextu postupujici urbanizace a
mechanizace, pfiCemz role védy o udrzitelnosti je na tyto vyzvy reagovat, a s ohledem na vyzvy popsané
v uvodu této prace adaptovat svoji praxi tak, aby vedla smérem k aktivnimu spolu-definovani toho co
znamena udrzitelny Zivot, péce o krajinu a ekosystémy, a podpote spole¢nosti v hledani vzorci chovani,
které pomohou tyto vyznamy vtisknout do krajiny a udrZovat je. Manuel-Navarrete (2015) by taky stav
popsal jako soulad (kongruence) mezi subjektivnimi trajektoriemi a zakladnimi materidlnimi a
informacnimi dynamikami (socio-ekologickou materialni rovinou, viz. Obr. 3).
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7 Zavéry z publikovanych praci

S ohledem na popsané vysledky zahrnutych studii a jejich zhodnoceni 1ze uvést nasledujici odpovedi na
vyzkumné otazky celé prace:

1. Jak interaguji rizné hladiny ekosystémové integrity, sluZeb a krajinnych hodnot
s ohledem na jejich kvantity a pestrost?

V zahrnutych studiich byly porovnany rizné metodické piistupy k hodnoceni nékolika komponentd,
vybranych k reprezentaci strukturnich ¢asti krajiny (Obr. 1).

V Clanku 2 jsme hodnotili vztah mezi abiotickym potencialem, ekosystémovou integritou a
produkénimi ekosystémovymi sluzbami. Abioticky potencidl jsme reprezentovali pomoci indikatoru
»arodnost pud,” pficemz tento faktor byl silné¢ korelovany s klicovymi parametry ekosystémové
integrity, poukazujici na silnou pozitivni vazbu mezi ptidni trodnosti a ekosystémovou integritou.
V budoucich pracich siln€¢ doporucujeme zahrnuti dalSich faktord, reprezentujicich abioticky potencial,
napiiklad typy pid nebo klimatické faktory. Vztah mezi ekosystémovou integritou a produkcénimi
ekosystémovymi sluzbami byl piekvapivé negativni, coz bylo v rozporu s hypotézou. Tento vysledek
jsme interpretovali silnou pfitomnosti antropogenniho faktoru (vliv aplikace nitratti a prumyslového
hospodareni), nicméné bez zahrnuti reprezentativnich idajl reprezentujicich antropogenni faktory tyto
dynamiky nelze dostatecné objasnit. Pro piipadné dalsi studie doporucujeme tyto faktory v podobé
vhodnych indikatorti zahrnout. Obdobny vztah mezi ekosystémovou integritou a produkénimi sluzbami
byl zjistén pomoci expertniho hodnoceni v Clanku 3, poukazujici k zavéru, Ze v pramyslovych
zemédelskych typech krajinného vyuziti se produkce plodin dosahuje na tkor ekosystémové integrity.

Clanek 6 se mj. zabyval hodnocenim interakce mezi ekosystémovou integritou a krajinnymi hodnotami.
Nékteré hodnoty, typicky kulturni a ekonomické, byly siln€ asociovany s misty s nizkou ekosystémovou
integritou (urbanni povrchy), zatimco hodnoty divociny, rekreace a estetiky byly asociovany
s krajinnymi ekosystémy s promenlivou trovni ekosystémové integrity. Celkové Ize fict, ze ekosystémy
s vysokou integritou byly hodnotné tehdy, pokud byly asociovany s pestrou paletou krajinnych hodnot,
pricemz ty byly zavislé na pfitomnosti infrastruktury (cesty, obCerstveni, kempy) a historickym
vyznamem. Lokality s vysokou ekosystémovou integritou, které byly nepfistupné nebo vzdalené od
kulturnich a turistickych center, byly hodnoceny malo, v ptipadé bezzasahovych zoén byly hodnoceny
pouze z hlediska hodnoty divocCiny. Stejné chudé na krajinné hodnoty byly zeméd¢€lské plochy, které
pozornost nepfitahovaly zZadnou. K interpretaci vztahu mezi ekosystémovou integritou by opét pirispély
indikatory reprezentujici infrastrukturu, ktera se jevi jako klicovy krajinny prvek, facilitujici komunikaci
mezi ekosystémy a krajinnymi hodnotami.

2. Jaké metody jsou vhodné ke komplexnimu popisu krajinnych celkii, hodnocenych
z hlediska ekosystémové integrity, sluZeb a krajinnych hodnot?

Jako jednozna¢né nejhodnotnéjsi se jevily metody zalozené na dalkovém prizkumu Zemé a kvalitativni
mapovani. Tato pfistupy predstavuji pomérné nenaroné nastroje hodnoceni krajin co do technické
zpusobilosti, finan¢nich a personalnich nakladt, pfi¢emz Groven detailu vystupt je velmi vysoka. Dvé
dals$i metody: expertni hodnoceni a hodnoceni na zaklad¢é dat z regionalnich statistickych udaji, jsou
sice porovnatelné¢ méné naro¢né, jejich piesnost a rozliseni je ¢ini vhodnymi spis jako doplnék ke dvéma
vyse zminénym metodam.

Zatimco data ziskand na zaklad¢ dalkového prizkumu Zemé byla velmi detailni a rovnomeérné
reprezentovala vyzkumné oblasti, vystupy z kvalitativniho mapovani poskytovaly reprezentativni data
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pouze pro relativné malé oblasti (Clanek 5), pro vétsi (Clanek 6) oblasti uz nebylo timto zptisobem
prakticky mozné pofidit mapu krajinnych hodnot, ktera by pokryvala celou vyzkumnou oblast. Pokud
by cilem bylo statistické porovnani distribuce ekosystémové integrity a krajinnych hodnot, doporucil
bych kombinovat kvalitativni mapovani s rozsahlej§imi studiemi, zahrnujicimi vét§i vzorku
respondentd, napf. s vyuzitim pfistupu zvaném PGIS a PPGIS, tedy zahrnutim participativnich
mapovacich seminaiti a mapovaciho dotazniku pro Siroké spektrum respondentd, kde jsou data sbirana
prostfednictvim webového rozhrani (Sherrouse et al., 2011; Brown a Kyttd, 2013; Sherrouse et al.,
2014). Navzdory nedostatkiim kvalitativniho mapovani tato metoda poskytuje nejvice detailni zjisténi
ohledné vztahu zajmovych skupin k tizemi, jejich pfedstaveé o udrzitelnosti a umoznuje komplexni popis
percepce krajinnych hodnot respondenty.

S ohledem na pozadavky inkluzivniho vyzkumu by této praci dale prospélo, pokud by aktéfi byli vice
zapojeni do definice zkoumanych pojmt (ekosystémova integrita, hodnoty) a pokud by s nimi naptiklad
byly konzultovany vysledky Setteni, pofizeni biofyzikalnimi i kvalitativnimi metodami. Ziskani zpétné
vazby od respondentti a zdjmovych skupin vzhledem k ziskanym vysledktim, a jejich zapojovani do
ruznych ¢asti konceptualizace vyzkumu a sbéru dat by pomohlo ucinit vystupy prace 1épe vyuzitelné a
srozumitelné potencialnimi uzivateli

3. Jaky je ekologicky stav ekosystémi studované krajiny a co z toho vyplyva pro hospodaieni
s ekosystémy?

Hodnocenim ekosystémové integrity regionti jsme se zabyvali v Clancich 1, 2 a 3 pfi¢emZ mezi
zkoumané oblasti patiilo CHKO Titebotisko v jiznich Cechach, Slesvicko-Holstynsko a Meklenbursko-
pfedni Pomoransko v severnim Némecku. Hodnoceni bylo provedeno pomoci méfeni na zaklad¢ dat
z dalkového prizkumu Zemé a expertnimi maticemi, pficemz obé metody poskytovaly analogické
vysledky. Nejniz$i hodnoty ekosystémové integrity ziskaly zeméd€lské a mestské plochy, nasledované
pastvinami, zatimco nejlépe hodnocené byly lesni ekosystémy, mokiady a pfibiezni porosty. Orna ptida
a pastviny v CHKO Ttebonisko vykazovaly pon€kud nizs$i hodnoty ekosystémové integrity v porovnani
se Slesvickem-Holstynskem (Clanek 1), na druhou stranu Slesvicko-Holstynsko je silné antropogenni
krajina s pomérné malym zastoupenim zalesnénych ploch, diky ¢emuz byla jeho celkova ekosystémova
integrita, hodnocena pomoci RIEI (Regionalniho Indexu Ekosystémové Integrity), niz§i v porovnani s
CHKO Tftebonsko, kter¢ je z velké Casti zalesnéné.

V ramei Slesvicka-Holstynska (Clanek 2) byly identifikovany oblasti s vyrazné horimi parametry
zemédelskych ploch, které tésné korespondovaly s plochami, na kterych se péstuje silazni kukufice
(piscité pudy v oblasti zvané Geest ve stfedu regionu). Zajimavé bylo, ekosystémova integrita pastvin
na téchto velmi chudych pudach byla srovnatelna s ekosystémovou integritou pastvin, které se
nachazely na arodnych pidach sub-regionu Hiigelland a Marsch, z ¢ehoz jsme vyvodili zavér, ze
zemédelstvi na pis¢itych ptidach v sub-regionu Geest nema z ekologického hlediska opodstatnéni a bylo
by lepsi jej nahradit pastvinami. Obdobné zjisténi bylo ucinéno u zemédélskych ploch v CHKO
Trebonsko, kdy tyto plochy vykazovaly markantné nizké hodnoty ekosystémové integrity v porovnani
se zalesnénymi oblastmi i analogickymi typy krajinného vyuziti ve Slesvicku-Hol$tynsku.

V obou zkoumanych oblastech bychom doporucili radikalni zménu zemédélského hospodaiského typu
smérem, tedy monokulturni kultivace jednoletych rostlin bez zahrnuti meziplodin, smérem
k polykulturdm a kombinaci s trvalymi kulturami (agrolesnictvi) a meziplodinami jako nahrada za
uméla hnojiva a pesticidy. V Slesvicku-Holstynsku bychom navic doporuéili vyrazné zvysit podil
zalesnénych ploch, zejména na chudych pisCitych padach, které by prispély k zvySeni celkové
ckologické stability krajiny a posilily potencial poskytovat ekosystémové sluzby.
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4. Jaké hodnoty vnimaji zastupci zajmovych skupin ve zkoumané krajiné a jak tato znalost
jde vyuZzit jako podpora pro rozhodovani?

V Clanku 5 a 6 jsme se zabyvali identifikaci a mapovanim krajinnych hodnot v Ceské republice,
konkrétné v CHKO Ttebotisko a v oblasti pfi soutoku Berounky a Vltavy u hlavniho mésta Prahy.
V obou oblastech aktéfi zastavali hodnoty, které byly silné provdzané s typem aktivit a zjma, které
v dané krajiné méli.

Zatimco hospodafici subjekty v CHKO Tieboiisko preferovali hodnotu spravcovstvi, zastupci ochrany
pfirody vyzdvihovali roli krajiny coby domov bohaté pfirodni rozmanitosti. Zajimavé zjisténi bylo, Ze
oba ,tdbory* vyzdvihovali hodnotu pfirody studované oblasti, ovSem kazdy z jiného thlu pohledu.
Hospodatici subjekty chapaly hospodaieni s ekosystémy jako podminku zachovani ekologicke stability
krajiny, ktera je podle nich siln¢ antropogenni, a tudiz zavisla na lidském zasahu. Zastupci ochrany
prirody naopak vidéli krajinu jako ,,renaturovanou® a hodnou ochrany pied nadmérnym hospodatrenim,
urbanizaci a turistikou, tedy spiSe jako rezervaci neZ jako antropogenni krajinu. Tyto pohledy se
sttetavaly v konfliktu okolo mozného vyhlaSeni CHKO Trtebonsko kulturni pamatkou a nasledné
zaclenéni do ochranného rezimu UNESCO, pfi¢emz ,,usmifeni* téchto postoju je klicem k sdilené
sprave uzemi a nastaveni spolec¢né vize pro Tiebonisko.

V oblasti soutoku Berounky s Vltavou (Clanek 5) jsme identifikovali 4 typy krajinnych hodnot, které
jsme vztahli k teoretickému modelu hodnotovych rdmcti (Orders Of Worth; Boltanski a Thévenot,
1999). V hloubkovych rozhovorech jsme jednak krajinné hodnoty mapovali, jednak jsme as nimi
hovotili o jejich pohledu na smétovani studované oblasti (s ohledem na planovany piiméstsky park).
Dle o¢ekavani odpovidaly perspektivy ohledné hodnoty lokalit i Zadouciho sméfovani oblasti zajmlim,
které respondenti v lokalit¢ méli. Mistni obyvatelé preferovali domaci a piirodni hodnoty, zastupci
samosprav a obc¢anskych spolkli ob¢anské a prirodni hodnoty a podnikatelé zastavali trzni hodnoty.
Zajimavé bylo zjisténi, Ze respondenti, ktefi vykazovali podobné hodnotové ramce spolu i nejlépe
vychazeli, nebo naopak ti, ktefi spolu prokazateln¢ dobfe komunikovali vykazovali i podobné
hodnotové ramce. Z jisténi vyplynula sada doporuceni pro piipadné komunikatory v oblasti s ohledem
na doporucenou argumentaci, urCenou pro rdzné zastupce zajmovych skupin. Rovnéz jsme
identifikovali aktéry, kteti by spolu dle podobnosti v hodnotovych ramcich dobie vychazeli, ackoli
doposud spolupraci nenavazali. Na druhou stranu jsme identifikovali aktéry, ktefi spolu dobite
nevychazeli a vysvétlenim byly jejich odlisné hodnotové ramce, diky kterym nebyli schopni vést
rovnocenny dialog ohledné sdilené vize oblasti.

8 Shrnuti

Predkladana prace se zamétuje na hodnoceni regionalni ekosystémové integrity, sluzeb a krajinnych
hodnot s vyuzitim kombinace pfirodnich a sociologickych metod. Jeji aspiraci je pfispét k znalosti
v oboru véd o udrzitelnosti, studiu socialné-ekologickych systémi, posunout uroven znalost v aplikaci
vhodnych metod a poskytnout podklady a nastroje pro krajinny management. Klicovym tématem prace
je aplikace pristupu smiSenych metod, pficemz cilem bylo hodnotit jak jednotlivé slozky krajiny,
reprezentované koncepty ekosystémové integrity, ekosystémovymi sluzbami a krajinnymi hodnotami
interaguji. Rovnéz jsme v ramci prace zkoumali moznosti a limity smiSenych metod s ohledem na jejich
schopnost reprezentovat realitu, ve které dochazi k interakci mezi socialni (symbolickou) a materialni
rovinou.

Metody aplikované v této praci se lisi dle arovné detailu dat, ktera poskytuji ale také co do pracnosti.
Obecné plati, ze ¢im snazsi je sbér dat, tim jsou vysledky mén¢ informativni a v niz§im ¢asovém a/nebo

prostorovém rozliSeni. Kvalita dat pfedstavuje hlavni komplikujici faktor pfi snaze o kombinaci vystupi
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z riznych metod, pfiCemz plati, ze data s niz§im rozliSenim a ptesnosti se hodi spise jako doplitkova,
tedy v pripad€ ze chybi data detailngj$i. Vystupy kvalitativniho mapovani a biofyzikalniho hodnoceni
jsou metodicky dobte porovnatelné, nicméné povaha informace, kterou oba typy dat reprezentuji €ini
vyvozeni zaveérl problematické. I tak se nam podafilo n€které tyto problémy alesponl pojmenovat, coz
muize pomoci pii dal§ich snahach o vyzkum v tomto sméru, napi. prostiednictvim zahrnuti dalSich
metod, zejména s ohledem na reprezentaci krajinnych hodnot.

V ramci publikaci byla zkoumana interakce mezi zahrnutymi krajinnymi jevy, tedy ekosystémovou
integritou, sluzbami a krajinnymi hodnotami. Z vysledkd plyne, Ze v kontextu primyslového
hospodareni je vysoké zemedélské produkce dosahovano na tikor ekosystémoveé integrity. Ve vztahu ke
krajinnym hodnotam jsem doSel k zavéru, ze vysoka ekosystémova krajina je spojena s krajinnymi
hodnotami pouze tehdy, pokud je dostupna patfi¢na infrastruktura (napf. cesty, ob¢erstveni, ubytovani),
pfipadné pokud ma lokalita i dal$i vyznam mimo bezzasahovosti (kulturni, historicky, hospodarsky).
Na druhou stranu oblasti s nizkou ekosystémovou integritou mohou hostit pestrou paletu hodnot, pokud
se jednd o kulturni centra, coz se tykd zejména méstskych povrchli, naopak pokud se jednd o
jednoucelova krajinna vyuziti, typicky nemaji pro respondenty zadny vyznam.

Mapovani krajinnych vyznami mtze poslouzit jako hodnotny podklad pro rozhodovéani, jelikoz dokaze
identifikovat rizné vyznamy v krajin€, které se vazi s riznymi z4jmy a kde miize dochazek k vzniku
konflikt. Biofyzikdlni hodnoceni mtize na druhé strané poskytnout jiny uhel pohledu na stav krajiny
od subjektivniho, a do jisté miry pomoci ohodnotit udrzitelnost hospodareni s ekosystémy. S ohledem
na vyuzitelnost a inkluzivitu vystupi by nicméné¢ velmi pomohlo, pokud by do designu vyzkumu,
definice klicovych pojmu jako napf. ekosystémova integrita a vlastni interpretace a reflexe vysledk
byli zapojeni zastupci zajmovych skupin v lokalité. VéEtsi participace potencidlnich uzivatel vysledki
studie pfedstavuje vyzvu pro budouci vyzkum v této oblasti.
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ABSTRACT

Maintaining ecological integrity is globally acknowledged as a strategic goal, yet there is no consensus on a prac-
tical and widely usable methodology to assess it. This study proposes a comprehensive approach to quantify re-
gional ecosystem integrity based on FAIR data, obtained using satellite remote sensing and image analysis. Three
variables are central to this approach: normalized difference vegetation index (NDVI), at-satellite brightness
temperature (BT) and vegetation surface heterogeneity (HG), corresponding to ecosystem integrity indicators
exergy capture, biotic water flows and abiotic heterogeneity. The indicators are assessed across the vegetation
period and a representative Regional Index of Ecological Integrity (RIEI) is proposed to express the integrity of
two case study areas and representative land use types. The proposed approach proved powerful in representing
the anthropogenic and autopoietic gradient within study regions in high detail. Arable lands and urban areas
ranked lowest, while dense forests and wetlands highest, agriculture being the most significant factor reducing
regional integrity. Areas with conservation significance ranked either having the highest integrity, when dense
vegetation was present, and mediocre or even low in case of e.g., sand dunes, marches and rock formations. Lim-
itations of the method comprise: insufficient representation of biodiversity, sensitivity to cloud cover and de-
manding in-situ validation. The approach can be scaled from global to local level, adapted to various remote
sensing techniques and complemented by a diversity of data (e.g., ecosystem services, geomorphological, cli-
matic) to provide deeper understanding of landscape ecosystem integrity.

© 2021 Elsevier B.V. All rights reserved.

* Corresponding author at: Faculty of Humanities, Charles University in Prague, Patkova 2137/5, 182 00 Prague 8, Czech Republic.

E-mail address: jakzeleny@gmail.cz (J. Zeleny).

https://doi.org/10.1016/j.scitotenv.2021.148994
0048-9697/© 2021 Elsevier B.V. All rights reserved.


http://crossmark.crossref.org/dialog/?doi=10.1016/j.scitotenv.2021.148994&domain=pdf
https://doi.org/10.1016/j.scitotenv.2021.148994
mailto:jakzeleny@gmail.cz
https://doi.org/10.1016/j.scitotenv.2021.148994
http://www.sciencedirect.com/science/journal/
www.elsevier.com/locate/scitotenv

J. Zeleny, D. Mercado-Bettin and F. Miiller
1. Introduction

The need to sustain sufficient levels of ecological integrity has been
widely acknowledged on an international level (e.g., Paris Agreement,
2015; Convention on Biological Diversity Aichi Targets), yet there is no
general consensus on a unified theory or a methodological approach
to quantify it (Roche and Campagne, 2017). This does not mean
that there is a lack of complex methods of assessment, quite the con-
trary. During the last decade, advances in the technical means of ecosys-
tem assessment were among the greatest achievements of the CBD
2010-2020 outlook (Aichi target 19, CBD, 2020). Despite scientific suc-
cess, in practice, ecosystem managers and conservationists are still
facing issues when adopting the developed methods due to them
being overly complicated, demanding in financial and material re-
sources, or their results are not applicable in different context, which
is why inexpensive and practical, yet comprehensive methods are
most desirable (CBD, 2003; Wiens et al., 2009).

Advances in ecosystem integrity assessment are direly needed by
nations in order to be able to assess the drivers of biodiversity loss, un-
derstand how ecosystems function as holistic units and measure the ef-
fect of restoration measures. Its main function is to provide evidence of
effectiveness of landscape management and raise awareness of the
causes and consequences of poor integrity. Attaining sufficient level of
general awareness is understood as a prerequisite in reversing biodiver-
sity loss, and contributes greatly towards slowing progress in achieving
the UN Agenda 2030 Sustainable Development Goals. Some scholars call
for science to be a multi-actor and inclusive discipline (indicating that
reach of science towards the wide audience is still limited), and that
awareness raising plays an important part in what environmental sci-
ence should strive to achieve (Keesstra et al., 2016; Zhang et al.,
2019). This includes not only producing widely understandable results,
but also methods utilizable by practitioners and the broad public. This
report presents a contribution towards this goal.

1.1. What is ecosystem integrity?

The working definition of ecosystem integrity selected for this study
is “the degree of self-organization [...] regulated by different constrains im-
posed by abiotic factors and human management.” According to Roche
and Campagne (2017), the term encompasses two components: the
“ecosystem,” the system of interacting physical, chemical and biological
elements (or composition, structure and function, Carter et al., 2019),
and the “integrity” meaning the intactness of wholeness of a thing.
The concept used within this article can be understood as a thermody-
namic approach to ecosystem integrity, because we understand ecosys-
tem integrity as a system's degree of self-organization, which is strongly
related to the distance from its thermodynamic equilibrium (Schneider
and Kay, 1994; Miiller, 1998; Ulanowicz et al., 2006; Puzachenko et al.,
2011, Nielsen and Fath, 2019; Nielsen et al., 2020).

Self-organization (autopoiesis) describes the general tendency of liv-
ing systems to form complex structures (Maturana and Varela, 1980).
During succession, the complexity and the capacity of an ecosystem to
dissipate the available energy gradients increases (Schneider and Kay,
1994; Miiller, 1998; Maes et al., 2011; Nielsen and Fath, 2019; Nielsen
et al., 2020). A completely self-organized ecosystem is productive in
terms of primary production, resistant to disturbance, resilient when re-
covering from a disturbance and maintains a high level of complexity
(Kay, 1991; Rapport et al., 1998; Miiller and Leupelt, 1998; Miiller
et al., 2000; Parrott, 2010). In other words, such ecosystem possesses
high integrity (see also Schneider and Kay, 1994; Miiller et al., 2000;
Miiller, 2005). Intensively managed ecosystems on the other hand, are
maintained in a pioneer state with high short-term productivity, but
low biotic and abiotic complexity. Such types of land use often display
low resilience against natural disasters e.g., droughts or erosion, and
are highly dependent on anthropogenic input for stability, indicating
low ecosystem integrity.
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1.2. Assessing ecosystem integrity

From a generalized perspective, the integrity approach focuses
either on measuring the departure of an ecosystem from its natural ref-
erence (Coppedge et al., 2006; Faber-Langendoen et al., 2016; Brown
and Williams, 2016) or the maintenance of its functions, rather than
maintenance of particular reference conditions (McGarigal et al.,
2018). In both cases, setting a reference point to which ecosystems are
compared is key for setting management goals (Wurtzebach and
Schultz, 2016), although individual reference states and benchmark
values of selected ecosystem integrity indicators will need to vary ac-
cording to local conditions. In practice, each ecosystem integrity indica-
tor is compared to a pre-defined reference state, which can be historical
(pre-Columbian, pre-industrial), current relatively intact zones (Scholes
and Biggs, 2005), current best available zones (for a conceptual frame-
work for defining reference states, see McNellie et al., 2020) or based
on natural conditions (the potential state if only climatic and biophysi-
cal factors were present, Grantham et al., 2020).

Typically, ecosystem integrity assessment is based either on in-situ
data collection (Coppedge et al., 2006; Gross et al., 2009; Blumetto
et al,, 2019; for a review see Ruaro and Gubiani, 2013), semi-
quantitative expert assessment (Scholes and Biggs, 2005; Mistri et al.,
2008; Miiller et al., 2020), geographic information systems (GIS, Perkl,
2017; Mora, 2017; Walston and Hartmann, 2018; Carter et al., 2019)
and/or specialised remote sensing techniques (Revenga, 2005; Lausch
et al.,, 2017; Lausch et al.,, 2018; Skidmore et al., n.d.). Often, multiple
types of approaches are combined in an assessment (Gross et al.,
2009; Wiens et al., 2009; Faber-Langendoen et al., 2016; Paruelo et al.,
2016; Zeleny et al., 2020) to produce a more robust result. In a number
of cases, aggregated index of ecosystem integrity is produced to provide
easily interpretable data about the state of a single ecosystem type
(e.g., a rivers, forests, grasslands; Coppedge et al., 2006; Grantham
et al., 2020), or whole ecosystem complexes, referred to as multiple-
use landscapes. The latter approach has been conceptualised by several
studies (Slocombe, 1992; Andreasen et al., 2001; Reza and Abdullah,
2011), which inspired a number of practical methodical applications
(Perkl, 2017; Walston and Hartmann, 2018; Carter et al., 2019) includ-
ing this study.

Indicators suitable for the assessment of multiple-use landscapes are
especially practical as ecosystems typically co-exist and interact within
regional units, e.g., catchments, containing both anthropogenic and nat-
ural parts. These units typically contain a continuum featuring a number
of transitory ecological formations, and there is a certain potential opti-
mal type of equilibrium between anthropogenic and autopoietic fea-
tures (and forces), which can be referred to as landscape integrity
(Perkl, 2017; Walston and Hartmann, 2018; Carter et al., 2019). Most
current landscape integrity assessments measure the degree of human
alteration of ecosystems, which presumes that human influence is, by
nature, detrimental to their integrity. Besides serving solely for conser-
vation purposes, ecosystem integrity theory and method has also been
used to describe ecosystem state, condition or health, irrespective of
their history of human alteration (Rapport et al., 1998; Costanza,
2012; McGarigal et al., 2018). Such interpretation is more suitable to
managers, dealing with multiple-use landscapes, as the different eco-
system types within the landscape fabric are assessed according to
their performance, rather than their departure from a reference pristine
state. Such reference is impossible to define for many major land cover
types (especially for those, which are substantially altered by manage-
ment, e.g., agriculture) or would even represent an undesirable state
as in the case of traditionally managed landscapes, which lose their eco-
logical value if they are not managed and are left to renaturalise.

Besides in-situ biodiversity assessments, which fall outside of the
scope of this study, ecosystem integrity is typically quantified using
two types of indicators, representing ecosystem functions and human
induced stressors. Functional indicators quantify integrity based on
measured net primary production, evapotranspiration and complexity
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(Miiller et al., 2000; Ulanowicz, 2003; Miiller, 2005; Jargensen and
Ulanowicz, 2009; Patten, 2015; Paruelo et al., 2016; Vargas et al.,
2017; Nielsen and Fath, 2019) and anthropogenic stress indicators
focus mainly on ecosystem fragmentation and distance to human settle-
ments and infrastructure (Fraser et al., 2009; Etter et al., 2011;
McGarigal et al., 2018; Perkl, 2017; Walston and Hartmann, 2018).
Use of satellite images and spatial analyses using GIS is progressively
gaining in prominence, also as a complement to the more traditional
field surveys and ecosystem modelling (Faber-Langendoen et al.,
2016; Paruelo et al., 2016; Fernandez et al., 2020). Satellite images,
such as Sentinel-2, SPOT, Landsat 8 and MODIS, are suitable for measur-
ing land-use characteristics, vegetation condition and structure
(Running et al., 2004; Fraser et al., 2009; Vargas et al., 2017; Hansen
etal, 2019; Phiri et al., 2020; Grantham et al., 2020), and for estimating
ecosystem fragmentation and degree of anthropogenic pressure (Fraser
et al,, 2009; Hansen et al., 2013; Decker et al., 2017) and are therefore
highly relevant to assess ecosystem integrity.

1.3. Selection of focal variables

Initially, the aim of the study was to design variables, which would
be suitable to evaluate the integrity of two case study areas:
a) Protected Landscape Area (PLA) Trebotisko (700 km?) and b) the fed-
eral state of Schleswig-Holstein (approx. 15,800 km?). These areas were
picked because the authors of this research are well acquainted with
them, and have personally conducted research in the area. In Tfeborisko,
a qualitative socio-ecological survey was conducted with key stake-
holders (foresters, farmers, tourism representatives etc.), and was
intended as a complement to the here described quantitative approach.
Although it was difficult for the respondents to evaluate ecosystem in-
tegrity, the in-depth knowledge helped us to validate the here pre-
sented indicators, approach and results.

When the study areas were defined, ecosystem integrity indicators
and their respective proxy variables were selected, building primarily
on the theoretical framework outlined by Schneider and Kay (1994)
and Miiller (2005), who provided theoretical basis for the thermody-
namic approach towards ecosystem integrity. Further sources include
Miiller and Leupelt (1998), Miiller et al. (2000), Maes et al. (2011),
Kandziora et al. (2013) and Paruelo et al. (2016) and a summary of
the basic ecosystem indicators including potential representative vari-
ables is included in Table 1.

The next step was selecting data sources, which could match the var-
iables and characteristics described in the above-mentioned literature,
but at the same time, be detailed enough to be used effectively within
the selected case study areas. In case of Schleswig-Holstein, a wider

Table 1
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set of satellite-derived parameters could have been used (e.g., MODIS,
as done in Zeleny et al., 2020), but for Tieborisko, being much smaller
in size and containing remarkable, albeit spatially limited ecosystems
and natural features, only finer data were eligible (10-100 m pixel res-
olution). Another criterion was accessibility of data and their temporal
resolution, which would allow detailed mapping and tracking of
ecosystem-level performance in time.

This study utilizes data and processed products obtained from the
satellites Sentinel-2, operated by ESA (European Space Agency) and
Landsat 8, operated by NASA (National Aeronautics and Space Agency).
Sentinel-2 was instrumental to derive high quality and resolution mul-
tispectral data, suitable for the calculation of numerous vegetation indi-
ces, most notably NDVI. Landsat 8 carries a thermal sensor onboard,
which delivers LST measurements in sufficient resolution (100 m
resampled to 30 m), and served as complimentary instrument to
Sentinel-2. The focal variables and their linkages to key ecosystem in-
tegrity features are described below, while their limitations and some
deeper considerations behind the selected parameters are included in
the Discussion (Section 4.1):

1.3.1. Exergy capture

Vegetation indices like LAI (leaf area index), GPP and NPP (Gross and
Net Primary Production) or NDVI are considered to be approximations
of exergy capture, ecosystem productivity and functionality (Wiens
et al.,, 2009; Fraser et al., 2009; Xu et al., 2018; Kandziora et al., 2013;
Paruelo et al., 2016; Skidmore et al., n.d.). NDVI is a general measure
of vegetation health and vigour. It quantifies the difference between
the absorbed and reflected light in the red and near infra-red part of
the spectrum and thus can also be understood as a measure of potential
photosynthesis. NDVI as a measure of vegetation photosynthesis in any
given point in time does not perform well when distinguishing different
ecosystem types and their phenological variability (Carlson and Ripley,
1997; Sakowska et al., 2016). A more representative approach was ap-
plied by Paruelo et al. (2016), who used annual sums of NDVI to repre-
sent the contribution of distinct land-cover types towards the total
annual exergy captured. In this study, similar approach was applied
for NDVI, as well as for the two other parameters, because they are
equally variable in time and thus better represented by their annual
aggregates.

1.3.2. Biotic water flows

Land surface temperature (LST) is highly relevant for environmental
monitoring of evapotranspiration, climate change, hydrological cycles,
vegetation monitoring and urban climate (Li et al., 2013; Roy et al.,
2014; Ellison et al,, 2017; Zhao et al., 2019). As a first attempt to measure

Alist of basic ecosystem integrity indicators, adopted from Miiller (2005) and Kandziora et al. (2013). Ecosystem indicators used within this study approach are marked with an asterisk.

Ecosystem Definition
integrity

indicators

Potential representative variables

*1. Exergy capture
mechanical work and to build up biomass
*2. Biotic water

flows

*3.  Abiotic The diversity of habitats provided by ecosystems, which is essential for their ecological functioning
heterogeneity

4, Biotic The diversity of species, functional groups and biological forms present and supported by an ecosystem
heterogeneity

5.  Entropy The amount of non-usable energy, exported by organisms and ecosystems into the environment
production

6. Metabolic The efficiency of ecosystem metabolism, represented by the ratio between entropy exported and total
efficiency ecosystem biomass

7. Storage capacity The capacity of ecosystems to store energy, nutrients and water in biomass and their availability when

needed
8. Nutrient loss

reduction network

The amount of water transported by vascular plants and cycling within the system

The degree of internal nutrient retention achieved by complex cycling within an ecosystem trophic

The capacity of ecosystems to capture usable energy, or the energy fraction, which can be transformed into Net primary production (tC/ha*year,

kJ/ha*year), Leaf area index
Transpiration/total evapotranspiration

Heterogeneity indices (e.g., variability of
nutrient content on an area)

Indicator species (n), Shanon-Wiener
index, Simpson index

tC/ha*year from metabolic respiration

Respiration/biomass (metabolic quotient)
N, Cin the soil or biomass (kg/ha/year)

Complexity, connectivity and efficiency of
internal nutrient cycling
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ecosystem integrity, Schneider and Kay (1994) have used an airborne
thermal sensor to measure the potential of vegetation to dissipate incom-
ing solar radiation by evapotranspiration. Indicators reflecting vegetation
surface temperature are therefore referred to as “exergy dissipation” indi-
cators, according to the ecosystem dissipation theory of ecosystem integ-
rity (for a review of indicators, see Maes et al., 2011). To our knowledge,
LST or measurement of the temperature gradient length has not been
used within an ecosystem integrity framework, besides the initial
Schneider and Kay (1994) study and by our accounts, still offers a lot of
potential for exploration. We have used at-satellite brightness tempera-
ture, obtained from the sensor TIRS (Thermal InfraRed Sensor) on board
of the satellite Landsat 8, to represent the “cooling” potential of vegetation
when compared to bare soil, which we assumed to be strongly related to
the amount of water transported by vegetation during evapotranspiration
and therefore, analogous to the ecosystem integrity indicator “biotic
water flows” (Miiller, 2005).

1.3.3. Abiotic heterogeneity

Vegetation surface heterogeneity quantification was guided by the
ecosystem integrity indicator “abiotic heterogeneity,” or the distance
from a uniform pattern, typical for anthropogenic surfaces like arable
lands and urban areas. We assumed that spatial uniformity is a sign of
lower degree of self-organization, habitat complexity and therefore,
also integrity (Miiller, 1998; Miiller, 2005; Parrott, 2010). Long-term
self-induced disturbance patterns and variable abiotic conditions tend
to form structural traits, which are strongly divergent from human
land-use. Anthropogenic systems are on the other hand being modified
in a way to enable efficient access to mechanization, which favours geo-
metric and linear patterns. Structural and geometric simplification re-
duces the dimension of possible habitats for species with variable
niche preference, promoting some species over other (e.g., maize) and
degrading ecosystem integrity (Miiller, 2005; Parrott, 2010).

Ecosystem shape and fragmentation is usually assessed using land-
scape metrics and a dedicated GIS model FRAGSTATS (e.g., Etter et al.,
2011; for a review see Uuemaa et al., 2009). This study proposes a
different approach to assessing abiotic heterogeneity, utilizing the
high resolution of Sentinel-2 data, which is based on image analysis in-
stead of ecosystem fragmentation (described in detail in Methods
Section 2.2.3). Measuring fragmentation using the above-mentioned
landscape metrics was not feasible for this study, as the process requires
more or less arbitrary ecosystem classification in order to be able to
judge the shape and size of individual patches, which is difficult in
multiple-use landscapes containing many transitional ecological forma-
tions (and makes little sense for anthropogenic land cover types
e.g., arable lands). To our knowledge, image analyses of data derived
from remote sensing techniques to estimate vegetation, ecosystem or
landscape properties, or their ecosystem integrity, was not yet applied
and the approach was developed fully based on the above-mentioned
theoretical presumptions.

1.4. Aim of the study

With the upcoming era of easily accessible open data sources and
processing software, almost anyone with a computer can perform com-
plex analyses if they know what type of data to use and how to interpret
the results. In this paper, a robust analysis procedure is proposed, which
can be replicated in nearly any geographical context and scale by any-
one interested using open-access satellite data and GIS software. First,
three indicators derived from satellite sensors (Sentinel-2 and Landsat
8), are proposed, representing three distinct terrestrial ecosystem prop-
erties: exergy capture, biotic water flows and abiotic heterogeneity.
Next, the three parameters are aggregated over one vegetation period
to represent their temporal variability and fully account for the ecolog-
ical contribution to the overall integrity of the subject ecosystems. Based
on annual values, each parameter is then rescaled (0-1) based on re-
gional maximum and minimum for each dataset in order to remove
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the effect of scale and make them mutually comparable (Paruelo et al.,
2016; Perkl, 2017). Finally, an aggregated Regional Ecological Integrity
Index (RIEI) is calculated and expressed in relative units (0-100%),
quantifying the overall ecosystem integrity of the subject landscape.
The approach is tested in two study areas, the Protected landscape
area Trebonisko and the Federal state Schleswig-Holstein.

To test the validity of the proposed approach, including its variables
and aggregation methods, three research questions were explored
within this article:

I. Are the three selected variables suitable and sensitive enough to
quantify the regional ecosystem integrity gradient?
II. Are there differences in terms of ecosystem integrity between
the two case study regions?
IIl. Can we find differences in the selected regions with respect to
the integrity of their land-use types?

2. Materials and methods
2.1. Case-study areas

We have selected two case study regions to represent dissimilar areas
of different sizes and under different types of management, with the aim
to validate the proposed method in two distinct landscape contexts, local
and regional: a considerably small area of Tfeborisko, representing a for-
ested and relatively “nature-near” reference, and a much larger federal
state of Schleswig-Holstein, which is nearly completely used for agricul-
ture (Fig. 1).

Trebonisko, located in southern Bohemia (49°0'0,62” N, 14°50'7,79”
E, approx. 700 km?) was selected as a reference site comprising of eco-
logically valuable areas as well as anthropogenic land-use types.
Trebonsko is a lowland (difference in elevation is 121 m) formerly occu-
pied by swamps and mires, which was colonized and transformed dur-
ing the middle-ages into a landscape dominated by lakes and forests.
The area has a high natural value, although technically speaking, it is a
man-made landscape. Timber and fish production play a major role in
the region, although significant space is also occupied by croplands
and grasslands. Tfeborisko and has been given the status of Protected
Landscape Area in 1979. In 1977 it was recognized as a biospherical re-
serve under UNESCO.

The second study area was selected as a representative of an
intensively managed landscape, but also of a much larger scale (54°28’
12" N, 9°30'50" E, approx. 15,800 km?, difference in elevation is 168 m).
Schleswig-Holstein is a federal state in Northern Germany, and is a pre-
dominantly agricultural landscape. Dominant land uses, covering most
of the region, are non-irrigated arable lands and pastures; forests play a
minor role (approx. 10% of the total area). The study area can be divided
into three sub-regions, representing three strongly diverging landscape
types: Hiigelland, Geest and Marsch (Stewig, 1982; Bihr and Kortum,
1987) (Fig. 2). Geest is an area characterized by rather poor, sandy soils
and flat relief due to high erosion (Schott, 1956; Bdhr and Kortum,
1987). The Marsch area is a lowland, stretching along the North Sea
coast of Schleswig-Holstein (LLUR, 2018), and is characterized by fertile,
well-drained soils (Hoffmann, 2004). To the east lies Hiigelland, the high-
lands of Schleswig-Holstein. It is a hilly landscape with fertile soils and nu-
merous lakes, which are the remnants from the Weichselian glaciation
(Schott, 1956; Stewig, 1982; Bihr and Kortum, 1987). The regional differ-
entiation perspective was adopted within this study in order to represent
the three most significantly diverging parts of Schleswig-Holstein and
allow more detailed interpretation of the results with respect to distinct
geomorphological and natural conditions.

2.2. Data sources and processing

Remote sensing data were obtained from two sources: Sentinel-2
operated by European Space Agency (ESA) and Landsat 8 operated by
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Fig. 1. The location of the two selected European case study areas, (A) the federal state Schleswig-Holstein in northern Germany and (B) the protected landscape area Treborisko in the
south of the Czech Republic including the three geomorphological regions of Schleswig-Holstein: Marsch, Geest and Hiigelland.

United States Geological Survey (USGS). Atmospherically corrected
(Level 2A) Sentinel-2 data covering the area of Tfebofisko and the
year 2017 were obtained from Sci-Hub. In case of Schleswig-Holstein,
data from the year 2016 was used instead in order to match available
data from Landsat 8, as data from 2017 were mostly not usable due to
high cloud cover. In this instance, images without atmospheric correc-
tion were used because corrected images were not yet available for
that year (and we were facing technical difficulties utilizing the Sen2cor
processor). Landsat 8 data was obtained from https://earthexplorer.
usgs.gov/ already atmospherically corrected (Level 2). For a list of the
exact sensing dates used, please refer to Table A.1 in Supplementary
materials.

Both satellites carry multi-spectral sensors with comparable infor-
mation on vegetation performance, and their complementarity is well
demonstrated (Roy et al.,, 2014; Castaldi et al., 2016; van der Werff
and van der Meer, 2016; Chrysafis et al., 2017). For this study, NDVI
was obtained from Sentinel-2, and although analogous NDVI measure-
ments could have been obtained from Landsat 8, Sentinel-2 data was
preferred due to their superior quality, spatial resolution and temporal
representation.

Sentinel-2 MSI (Multi-Spectral Instrument, S-2) senses reflected
light in the range of visible, infrared and shortwave infrared spectra,
available in 12 spectral bands in 10-20-60 m resolution. Currently
there are two satellites operational (S2A and S2B), which allows short
revisit time (5 days), suitable for continuous observation of the surface
throughout the year. Sentinel-2 measures reflectance in spectral ranges,
which are particularly suitable for developing algorithms estimating the
vegetation photosynthetic potential, the so-called “Vegetation indices”
(Delegido et al., 2011; Krofcheck et al., 2016; Vincini et al., 2016).

Landsat 8 OLI/TIRS (Operational Land Imager/Thermal Infrared
Sensor) has a similar spectral profile to Sentinel-2, although the fre-
quency of delivered images (16 days) as well as the resolution (30 m
for multi-spectral and 100 m for thermal) is much lower. Landsat 8 is
equipped with a thermal sensor (TIRS - Thermal Infra-Red Sensor)
which is an advantage over the Sentinel-2, therefore in the described
study approach, both instruments have been combined to deliver com-
plementary information.

The aim of data collection was to acquire sufficient number of im-
ages to represent the phenological curve of the respective year. Images
with low cloud incidence were included in the analysis (cloud cover
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Study area sampling using all cloud-free images from a single year (2017)
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Fig. 2. A schematic flowchart of the proposed ecosystem integrity quantification approach. Step I. includes the retrieval of available cloud-free images for the three relevant variables (NDVI,
TD, HG) and their processing (clipping to study area, removal of clouds and water surfaces). Step Il depicts the calculation of annual performance (zonal statistics) of respective variables for
individual land-use classes, represented as Areas Under Curve (AUC). In step III, the AUCs of the three variables in distinct land-use classes are individually normalized and entered in a
table. Subsequently, two indices are calculated for each land-use class, depicting their performance - Ecosystem Integrity (EI [0-100%]) of the land-use class and an Index of Ecosystem
Integrity (IEI [0-100%]) which is the Ecosystem Integrity parameter, weighted by area fraction of the respective land-use class. Finally, a comprehensive Regional Index of Ecosystem
Integrity (RIEI [0-100%]) is calculated, representing the overall performance of the whole region.

threshold approx. 20%), which proved very challenging in Schleswig-
Holstein due to high cloud cover, but also because of its size, making it
more likely that any certain part will be covered by clouds. Following
the initial data preparation (download, mosaicking), any incidental
clouds and all water surfaces were clipped using the Quality Indicators,
included in the Sentinel-2 image archive, and the Quality Assessment
Bands, which is part of Landsat 8 image archives. Finally, all Landsat 8
images were resampled to 10 x 10 m resolution to unify the data
and allow spatial analysis with Sentinel-2 images, and to prevent

losing the level of detail offered by Sentinel-2. Processed images were
further used to calculate three ecosystem integrity parameters:
NDVI, Temperature Difference and vegetation surface Heterogeneity.
Data processing was performed using open-source software QGIS
(https://www.qgis.org) and SNAP (ESA SNAP, https://step.esa.int).

2.2.1. Normalized difference vegetation index (NDVI)
NDVI was selected as a representative of ecosystem integrity indica-
tor exergy capture (see Table 1). NDVI represents the amount of light,
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which is absorbed by vegetation during photosynthesis, and is calcu-
lated according to Eq. (1):

NIR—RED or
NIR + RED

Band 8 —Band 4

NDVI = Band 8 & Band 4 [dimensionless] (1)

where NDVI is the normalized difference between reflectance in near
infra-red part (NIR) and red spectral band part (RED) of the light spec-
trum (Rouse et al., 1973). For Sentinel-2, this equals to the difference be-
tween Band 8 (NIR) and Band 4 (RED).

2.2.2. Temperature difference

The variable selected as a representative of ecosystem integrity indi-
cator biotic water flows was at-satellite brightness temperature. An ap-
proximation of the surface temperature was retrieved from Landsat 8
TIRS (Landsat 8 Band 10) and recalculated to °C as at-satellite brightness
temperature (BT) based on Eq. (2):

K3
BT:1 Ky

IN+1

—272.15 [°C] (2)

where BT is at-satellite brightness temperature [°C], L\ represents
the parameter top of atmosphere (TOA) spectral radiance [W / (m? =
srad = um)] and K1 and K2 are both band-specific thermal conversion
onstants obtained from the meta-data of the image (Jeevalakshmi
etal, 2017).

The variable BT was further processed to represent the length of the
temperature gradient (°C) or the ecosystem “cooling” potential (Zhao
et al., 2019). To obtain this potential, temperature rasters were trans-
formed to quantify the range in °C between the bottom and top 2% mar-
gin (to remove outliers) and inverted to represent the vegetation
“cooling” or the capacity to reduce surface temperature by evapotrans-
piration. The variable is further referred to as TD [°C] (temperature dif-
ference) and is calculated using Eq. (3):

TD = (—BT) + max BT [°C] (3)

2.2.3. Vegetation surface Heterogeneity

The variable vegetation surface Heterogeneity (HG) was calculated
from Sentinel-2 Band 4 and Band 8 using a Diagonal Compass Edge
Detector filter (DCED). This image analysis tool is an integral part of
the software SNAP and it can be used to quantify image edge density.
We have followed Bakker and Schmidt (2002), who proposed the use
of multidirectional (diagonal) edge detection as a means to account
for the heterogeneity of an image and also, suggested it to be used for
landscape texture detection. The reasoning behind the calculation is as
follows: Band 4 (red part of the spectrum) contains reflectance mostly
from non-vegetated surfaces because healthy vegetation absorbs most
of the incoming light in this particular wavelength. Band 8 (NIR, near-
infra red) on the other hand, contains reflectance from both vegetated
and non-vegetated surfaces, because this wavelength is not absorbed
in photosynthesis. With that in mind, one can easily produce a raster,
where non-vegetated areas are “filtered out” and only vegetated areas
remain, which is particularly useful for land cover classifications, creat-
ing vegetation masks etc. A simple calculation can be used to pronounce
the signal obtained from vegetated surfaces, while suppressing the in-
fluence of non-vegetated.

HG = (/IDCED (NIR)]) — (/IDCED (RED)] ) [dimensionless| 4)

Eq. (4) describes the calculation of the variable HG (heterogeneity),
where the DCED (NIR) and (RED) means the product of the DCED filter
from NIR (reflectance in near infrared, Band 8) and RED (reflectance in
red, Band 4). The subtraction of Band 4 from Band 8 served to suppress
the influence of all non-vegetated areas, amplifying the vegetation can-
opy signal in the final raster. Because the product of the DCED filter
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algorithm includes information on orientation, which is represented
as “4"” and “—", and since indicator is meant to represent intensity
only, not orientation, both resulting rasters have been converted into
absolute values before processing. A square root transformation was ap-
plied to both respective rasters to obtain near-normal distribution
(Eq. (4)), to produce a near-linear gradient and enable comparison
with the other two variables, NDVI and TD.

2.3. Data sampling and aggregation in time

The above-mentioned variables were calculated for all of the avail-
able images in a given year and sampled using a land-cover polygon
data layer and zonal statistics function (an integral part of the software
QGIS). Variables were sampled using two land-use classification maps:
The Consolidated Layer of Ecosystems (CLE, Frélichova et al., 2014) in
Trebonsko and CORINE 2012 (CORINE land cover, 1990) in Schleswig-
Holstein. Both data layers contain comparable land cover classes, al-
though CLE offers a finer classification of land-uses. Using zonal statis-
tics, median values were calculated for each land-use class polygon for
each measurement in the year 2016 and 2017 (for a summary sensing
dates, see Supplementary materials, Table A.1).

We have assessed the annual ecosystem integrity of selected land-
use classes to allow comparison of different management regimes
throughout the vegetation period. Temporal representation was used
to demonstrate the indicator set behaviour in selected land-cover
types. The measured values are represented as points in time (Fig. 5)
and interpolated using a fifth-order polynomial function in Excel to
help identify a seasonal trend according to Eq. (5):

y=ax® +bx* + o + dx* + ex (5)

The R? values of the polynomial regression, quantifying the accuracy
of the fitted curve, is included in Supplementary materials, Table A.5.

Next, annual aggregated values were calculated from the individual
measurements, using the area under curve (AUC), created by the se-
quence of measured data and corresponding to the vegetation pheno-
logical curve. Since the measurements were unequally distributed in
time, AUC was calculated for each measured variable to negate the effect
of unequal time steps between the measurements and to represent
their performances in time for each land-use class. AUC; quantifies the
volume of space under a curve of a given variable in a selected time pe-
riod as the volume of a hypothetical square between two points in time.
It is represented by Eq. (6),

Auc, = (P2 w(xe —x0) (6)

where the y represents the measured value in time t and x represents
the number of days within a given year.

The total AUC for the selected year was obtained by summing up the
individual AUCs, in order to represent the relative contribution of the re-
spective land-use class for each day of the year, according to Eq. (7),

n
AUC = Y AUC; +AUC;.1 + ...+ AUCpn, (7)
t=0

where AUC equals the sum of squares between each pair of successive
measurements within the respective year of observation. The total
number of images for both case-study areas and sensing instruments
used in the study is included in Supplementary materials, Table A.1.
Then, annual aggregated ecosystem integrity values were normal-
ized (range 0-1, after removing the bottom 2% and upper 98% from
the dataset to reduce outliers) using the highest and lowest reference
land-use class in a given case study area and expressed as percentage
[0-100%]. The value of 100% therefore, represents the best performing
land-use class in the respective study area in a comparable manner for
any given ecosystem integrity parameter. Both case study areas were
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analysed separately and normalized according to their own reference
highest and lowest land-use integrity classes. In case of Schleswig-
Holstein, the values for each of the three sub-regions were calculated
with reference to the whole area of the federal state.

2.4. Quantification of a regional integrity index

As the final step, the three normalized variables were averaged to ob-
tain a mean ecosystem integrity value (EI [%]), which served to evaluate
the integrity of individual land-uses. Mean land-cover integrity value,
multiplied by the fraction of area covered by that land-cover [0-100%],
provided a simple quantification of the proportional contribution of
each land-use class to the overall integrity of the region. A total Regional
Index of Ecosystem Integrity (RIEI [%]) was obtained by summing up
the individual area-weighted indices for each land-use class. Thus hypo-
thetically, if the whole area was covered by the highest performing class
(in our case, broadleaved forest), the total RIEI would be 100% (for the
limitations of this approach, see the discussion part, Section 4.2). The
above-described process of data sampling and aggregation into compos-
ite indexes is visually represented in Fig. 2 as process diagram.

3. Results

The results are divided into two main parts where in Section 3.1, the
focal indicators are compared and combined to produce mean ecosystem
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integrity rasters (Section 3.1.1) and their temporal development during
the vegetation period is reconstructed to assess their performance in
time (2017, Section 3.1.2). Section 3.2 presents the results of the aggrega-
tion technique, where the focal parameters are sampled on level of land-
use polygons, and subsequently added up to represent the whole study in
a single index - Regional Index of Ecosystem Integrity (RIEI).

3.1. Comparison of the assessed variables

3.1.1. Spatial representation of the variables

In line with the initial expectation, areas with dense forest cover, wet-
lands and riparian vegetation have received high values in all three vari-
ables, while croplands, sparsely vegetated, harvested or disturbed areas
and even some grasslands received low values. When combined, the var-
iables highlighted some areas of high natural and/or management value
for Treborisko (AOPK, 2020; see Supplementary materials Fig. A.2), but
in some cases, protected areas received mediocre or even low values
(discussed in Section 4.2.1). In Schleswig-Holstein, high ecosystem integ-
rity values were mostly attributed to forests in the south-eastern part,
while low values overlap with maize fields in the Geest (Fig. 3 (B)).

3.1.2. Time series analyses

Fig. 5 shows a graphical comparison of six selected ecosystem types
to demonstrate behaviour of the considered variables during a single
vegetation period (year 2017). In arable lands, NDVI and TD curve is
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Fig. 3. An aggregated Ecosystem Integrity raster (EI[0-1; dimensionless]) obtained from the three normalized indicators by their averaging (NDVI, TD, HG). The images used were sensed
on 13.6.2017 (Sentinel-2) and 20.6.2017 (Landsat 8) in Tfeborisko and on 4.6.2016 in Schleswig-Holstein, to show an example of their performance in peak vegetation activity. White spots
mark water bodies (no data) and black lines delineate the borders of the study areas: (a) Tfeboiisko and (b) Schleswig-Holstein including the three sub-regions: Marsch, Geest and
Hiigelland (see Fig. 1). Due to high cloud cover, it was not possible to produce rasters of combined annual ecosystem integrity, as they would have too many blank spots. Fig. 4
therefore captures instant snapshots of ecosystem integrity and not seasonal performance. EPSG:32633 - WGS 84/UTM zone 33N Fig. 4 demonstrates the variables on two examples
from both study areas: a natural protected wetland “Novoiecké mocaly”, in Tieborisko and the lake region around the city of Bornhoved in Schleswig-Holstein (Fig. 4). In Tfeboiisko,
areas of distinctly higher ecosystem integrity are distributed along water courses (black lines), corresponding with the extent of the natural protected area. Forest management is
visible on geometric clear-cuts, which have near zero ecosystem integrity (Fig. 4 (d)). In Bornhoved, areas with high ecosystem integrity are located around water bodies, where
littoral vegetation and a beech forest is growing. Besides water bodies, patches of high integrity overlap with forests and narrow hedges between fields known as “Knicks” (Fig. 4 (h)).
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Fig. 4. A detail of two selected sites within the case study areas, the wetlands “Novotecké mocaly” in Treborisko on the left (a, b, ¢) and area around the city Bornhdved in Schleswig-
Holstein on the right (e, f, g), showing the three parameters separately and after normalization and averaging (d, h). Water courses are highlighted by a black line, while water bodies
as white spots (no data). The images used were sensed on 13.6.2017 (S-2) and 20.6.2017 (L8) in Tfeborisko and on 4.6.2016 in Schleswig-Holstein. NDVI - normalized difference
vegetation index, TD - temperature difference, HG - vegetation surface heterogeneity and EI - ecosystem integrity. EPSG:32633 - WGS 84/UTM zone 33N.

strongly fluctuating in reaction to the growth and harvest of crops
(Fig.5 (a), (b)), when compared to other ecosystem types besides in-
dustrial areas. The overall low score of the class arable lands (also
reflected in Fig. 6 (d)) is due to the fact, that land is being kept
non-vegetated for a considerable part of the vegetation period.
When compared to a high-integrity land-cover class such as
floodland forests, the overall NDVI and TD of arable lands is less
than a half. Managed meadows are kept vegetated throughout the
year; their performance in terms of TD is nevertheless also low. In
terms of HG, managed coniferous forest ranked considerably lower

than floodland forest, which helped to distinguish the two classes
from each other (Fig. 5 (c)).

3.2. Overall performance of the study regions

The aggregated annual ecosystem integrity performance of different
land-uses is represented as tables in Fig. 6. Each of the three indicators
were collected from available cloud-free images from the respective
years (2016 and 2017), sampled using a land-use polygon layer,
normalized in order to be comparable with the rest and expressed as
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Fig. 5. A comparison between the three selected indicators and their median values for the
selected vegetation period (2017) in Tfebofisko. The x-axis is representing individual
dates of the year 2017 (month/day). Median values for selected classes have been
interpolated using a polynomial function (x°) to highlight a trend. The R? values,
representing the accuracy of the fitted against predicted measurements, are included in
Supplementary materials, Table A.5. The curve (a) is representing temporal
development of NDVI, (b) shows the indicator temperature difference (TD) and
(c) represents heterogeneity (HG). Results from Schleswig-Holstein were not included
due to missing data, caused by high incidence of cloud cover.

percentage. Next, a mean Ecosystem Integrity (EI) value was calculated
from the three focal indicators and multiplied by the proportion of area,
covered by the respective land-use class, to obtain its Index of
Ecosystem Integrity (IEI). A final index, representing the whole region,

10
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is produced by adding the individuals IEIs of every land use class. The
Regional Index of Ecological Integrity (RIEI [0-100%]) represents the
overall ecosystem state of a given region.

Generally, the best performing classes were forests and wetlands,
followed by pastures and other mostly vegetated areas. Urban and
non-vegetated areas (e.g., mineral extraction sites, sparsely vegetated
areas) had the lowest performance in all three selected parameters.
The most abundant classes in Tieborisko are coniferous forests,
meadows and arable lands. Coniferous forests, covering the majority
of the study area (37%), received similar values as the more natural
land-use types like beech forests, especially in NDVI and TD. The
parameter HG consistently ranked coniferous vegetation lower than
broadleaved, which can be observed for instance in the classes Spruce
forest and Dry pine forest in Trebofisko and Coniferous forest in
Schleswig-Holstein (see. Fig. 6 (a)). The general order of land-use clas-
ses with respect to the selected variables is analogous to the results
from Trebonisko: forested and mostly vegetated areas are ranking
highest, followed by agricultural and urban areas, which are generally
non-vegetated or vegetated for a limited part of the year.

An aggregate regional index was produced by summing ecosystem
integrity indexes of each land-use type and weighted by their respective
fraction of area covered. The lowest overall RIEI of the three sub-regions
of Schleswig-Holstein was calculated in the Marsch area (57%), followed
by Geest (62%) and Hiigelland (64%). Tfeborisko had received and over-
all highest RIEI (67%), thus having the best ecological state of the four
evaluated areas. Arable lands and meadows have in general received
higher values in Schleswig-Holstein compared to Tfebofisko, while at
the same time, Tfeborisko comprises a much larger proportion of
managed coniferous forests with a relatively high ecosystem integrity
compared to Schleswig-Holstein, thus the RIEI scores are fairly similar
in both case study areas (distance between the lowest and highest
performing study region is 10%).

4. Discussion

In this study, annual aggregates of three variables (NDVI, TD and
HG), derived from remote sensing and image analysis, have been tested
for their capacity to evaluate, differentiate and order different land-uses
in two study areas. The parameters were successful in producing a com-
parable order of analogous land use classes in both study areas. We con-
clude, that the results support the use of the three tested parameters as
complimentary representations of a single ecosystem integrity gradient.

Concerning the integrity of different land use types, lowest values
were attributed to urban areas, followed by croplands (Walston and
Hartmann, 2018; Perkl, 2017). Agriculture lands received low values
of annual exergy capture (NDVI), which was also reported by Paruelo
et al. (2016). This contrasts Ma et al. (2019) and Miiller et al. (2020),
where the exergy capture of arable lands was estimated to be very
high, similar to forests. On the other hand, Miiller et al., 2020 attributed
very high ecosystem integrity values to forests, including abiotic hetero-
geneity and biotic water flows, which is in agreement with Paruelo et al.
(2016), Perkl (2017), Walston and Hartmann (2018) and the findings of
this study.

The overall lowest RIEI score was obtained in Marsch sub-region, de-
spite having the most fertile soil (LLUR, 2018). Since the area is mostly
agricultural, leaving minimal space to forests, the time during which
the whole area is vegetated is limited by early harvests (mostly wheat
cultivation). This is significantly reducing the potential integrity of this
part of Schleswig-Holstein, when aggregated for the whole vegetation
period (Paruelo et al., 2016). The Geest area, being the least favourable
sub-region for agriculture due to low soil quality (sandy), had a medio-
cre RIEI because of the dominance of pastures (Fig. 6 (A)). Pastures have
ranked much higher in Schleswig-Holstein compared to croplands and
had shown much lower variability among the three sub-regions.
Although the case study area selection assumed Tteborisko to be of a
superior quality in terms of integrity, the results show a relatively
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A. Schleswig-Holstein Geest

% AREA
Mixed forest 1,3%
Broad-leaved forest
Coniferous forest
Green urban area
Sport and leisure facilities
Transitional woodland/shrub
Agriculture with natural vegetation
Pasture, meadows and grasslands
Complex cultivation patterns
Natural grassland
Construction sites
Inland marshes
Fruit tree and berry plantations
Discontinuous urban fabric
Peatbogs
Coastal salt marches
Airports
Non-irrigated arable land
Dump sites
Moors and heathland
Agricultural farms
Sparsely vegetated area
Road and rail networks
Intertidal flats
Mineral extraction sites
Beaches, dunes and sand plains
Continuous urban fabric
Port area
RIEI [%]

C. Schleswig-Holstein Marsch

HG NDVI
Broad-leaved forest 78%

Peatbogs

Mixed forest

Green urban area

Sport and leisure facilities
Transitional woodland/shrub
Pasture, meadows and grasslands
Fruit tree and berry plantations
Agriculture with natural vegetation
Natural grassland

Complex cultivation patterns
Coastal salt marshes

Inland marshes

Discontinuous urban fabric
Airports

Coniferous forest

Non-irrigated arable land

Moors and heathland

Mineral extraction sites

Dump sites

Agricultural farms

Port area

RIEI [%]

B. Schleswig-Holstein Hiigelland

Broad-leaved forest

Mixed forest

Coniferous forest

Green urban area

Transitional woodland/shrub
Agriculture with natural vegetation
Pasture, meadows and grasslands
Inland marshes

Sport and leisure facilities
Natural grassland

Complex cultivation patterns
Fruit tree and berry plantations
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Road and rail networks
Discontinuous urban fabric
Non-irrigated arable land
Moors and heathland
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Dump sites

Mineral extraction sites
Agricultural farms

Continuous urban fabric

Port area

RIEI [%)

% Area IEI
Beech forests 1,0% 0,9%
Floodland and wetland forests 1,9% 1,8%
Managed forests mixed 1,1% 1,0%

Natural bushes 0% 1,2% 1,0%
Spruce forests 1,6%
Managed forests coniferous
Oak and hornbeam forests
Peat forests

Managed forests broadleaved
Rocks Rubble 57% 9

72% 79% 1,7% 1,3%

Wetlands and riparian vegetation

Dry pine forests 2,2% 1,6%
Sport and nleisure surfaces 58% 74% 1

Mesophilic meadows 53% 88%

Non-natural bushes 86%

Urban greenery 74%

Aluvial and wet meadows 44%

Peat bogs and springs 60%

Managed meadows 36%

Continuous urban fabric 56%

Dumps and construction sites
Traffic infrastructure
Discontinuous urban fabric
Arable land

Rocks and Quarrys

Industrial and business units
RIEI [%]

Fig. 6. Comparison of variables represented for each land-use class and 4 respective study areas. Variables representing ecosystem integrity indicators: HG - heterogeneity, NDVI -
normalized difference vegetation index, TD - temperature difference, were aggregated across the respective vegetation period (year of sensing - 2016 in Schleswig-Holstein and 2017
in Trebonisko), normalized and expressed as %. The mean product of the three above mentioned indicators is referred to as Ecosystem Integrity (EI) and is further weighted by the area
fraction of the specific land-use class (IEI - index of ecosystem integrity of forests, pastures, croplands etc.). A sum of the IEls is used to calculate the final Index of Regional Ecosystem
Integrity (RIEI), which is highlighted as a single value at the bottom left corner of each table/region. (A) Schleswig-Holstein (A) Geest, (B) Hiigelland, (C) Marsch, and (D) Tfeboiisko.
The red-white-blue gradient is used according to the Legend in the upper right corner of the figure: red means low values, blue means high values and white represents averages. (For
interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

small difference in RIEI (the lowest RIEI in Schleswig-Holstein Geest was
57%, while Trebonsko received 67%). Since the general type of agricul-
tural practice is similar in both case study areas, we assume that the
overall lower performance in Tfeborisko than expected was caused by
low performance of local agriculture and pasture land use. For a discus-
sion of the resulting Regional Index of Ecosystem Integrity (RIEI) of both
case study areas, please refer to Supplementary materials, Section 1.3.
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4.1. Performance of the selected indicators

NDVI is usually considered the lowest performing vegetation mea-
sure from a wide selection of indices (Carlson and Ripley, 1997;
Sakowska et al., 2016), which is probably why it was not capable of
strong distinction among land-use classes (see ANOVA test results in
Supplementary materials, Table A.4 and Fig. 5 (a)), although nearly
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identical result was achieved with fAPAR and additional more elaborate
vegetation indices, documented in Weiss and Baret, 2016. NDVI mea-
surements generally produced two separate clusters, roughly attribut-
able to vegetated and non-vegetated areas. The annual aggregated
values proved instrumental in representing the overall contribution of
various land-cover types to regional integrity. Despite the limitations,
NDVI is the most frequently used vegetation indicator and it is most
suitable for straightforward interpretation by a wide audience.

Temperature data, obtainable from Landsat-8 TIRS, have proven vital
in this assessment. Temperature difference proved successful in statisti-
cal distinguishing of land-cover classes (highest in Tfebonisko, interme-
diate in Schleswig-Holstein, see ANOVA test results in Supplementary
materials, Table A.4). A drawback of temperature measurements,
obtained from Landsat 8, is their relatively low spatial and temporal
resolution, sensitivity to short-term meteorological events and atmo-
spheric disturbance. Incidental variability has been partly mitigated by
the inclusion of an annual aggregated value. Nevertheless, we strongly
encourage potential users to look for the most up to date instruments,
which can provide surface temperature data in higher quality
(Sentinel-3 or the upcoming Landsat 9).

The parameter vegetation surface heterogeneity (HG) was an exper-
imental attempt to utilize high-detailed data offered by Sentinel-2. HG
proved very strong in land-use distinction. According to the ANOVA
test (Supplementary materials, Table A.4), heterogeneity provided in-
termediate capacity to distinguish land-use in Tfebonisko and highest
in Schleswig-Holstein (F value). According to the temporal analysis in
Fig. 5 (¢), HG was distinguishing land-use classes in Tfeborisko more ef-
ficiently than NDVI, which in contrast tended to form two clusters com-
prising vegetated and non-vegetated areas. For instance, coniferous
forests have received a significantly lower HG value then broadleaved
forest, which can be a result of more uniform surface texture (Figs. 5
(c) and 6). The inclusion of HG, along with TD and NDVI, contributed
significantly towards increasing the sensitivity of the assessment in
terms of land-use classification and the evaluation of its ecological state.

4.2. Approach limitations

4.2.1. Inconsistencies in EI definition

One of the initial study expectations was, that protected areas will
harbour the highest integrity values, which would correspond to the re-
sults of other relevant studies of landscape integrity (Scholes and Biggs,
2005; Perkl, 2017; Walston and Hartmann, 2018; Carter et al., 2019).
This assumption proved only partly true. Although many protected
areas were very tightly corresponding to distinctly higher integrity
values, many protected areas ranked average or very low compared to
e.g., managed forests (please refer to Supplementary materials, Fig. A.2
for demonstration). On closer observation, these protected areas typi-
cally covered low productivity ecosystems such as sand dunes, marches
and rock formations, which are of exceptional value for conservation
reasons, because they are rare, and therefore harbour unique
(specialised) biota. The results indicate, that the here presented ap-
proach is incomplete in that it cannot account for ecosystem maturity
of low-productivity ecosystems, such as sand dunes.

Interpretation of ecosystem integrity assessments depend strongly
on the definition of what ecosystem integrity represents. For instance,
Walston and Hartmann (2018) and Perkl (2017) have shown how bio-
diversity is negatively related to human stressors, represented by a spa-
tial gradient surrounding human settlements, intensively managed
areas and infrastructure (human footprint). This study could not pro-
vide evidence to test such interference, but proximity to human settle-
ments and anthropogenic disturbance, e.g., clear-cuts in a forest, did
prove detrimental to ecosystem integrity (Grantham et al., 2020, see
Supplementary materials Fig. A.2). Nevertheless, relation between eco-
systems and human management does not have to be only negative. It is
proven that an extensive form of management can more beneficial to
biodiversity then wilderness (Keesstra et al., 2018). Tfeborisko for
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instance, formerly a swampy (unproductive) landscape, was drained
in the Middle Ages and turned into a productive landscape through
large scale engineering projects which are maintained largely un-
changed until today. This process led to an increase of biodiversity and
conservation value. This example demonstrates, that human manage-
ment can be detrimental but also stimulating to ecosystem integrity
and biodiversity. In such cases, using “natural” reference (in absence
of people) as a measure of integrity is not meaningful, as is the case of
Trebonsko, where the continuous management of the centuries old
drainage system is key to the regions productivity and diversity. There-
fore, as Roche and Campagne (2017) conclude, biodiversity indicators
should be assessed along with productivity-based indictors, in order
to compensate for their inherent deficiencies described above, espe-
cially in context of multiple-use landscapes. With regards to human
footprint indicators, apart from negative human influence also positive
influence in the form of nature-based solutions for ecosystem manage-
ment could arguably be included in the discourse (Keesstra et al., 2018;
CBD, 2020), which would open theoretical and methodological doors
towards evaluating and valuing mutually beneficial socio-ecological
relationships.

4.2.2. Approach limitations

Ecosystem integrity is a complex phenomenon, which goes far be-
yond the perspective of the experimental indicators used within this
study. We are aware, that the three remote sensing parameters are
just touching the surface, and significant amount of information re-
mains unrepresented. We suggest to add further variables whenever
possible and suitable. In a similar setting, we have tested an extended
array of indicators providing even deeper insight into the applications
of ecosystem integrity indicators (Zeleny et al., 2020), although at the
cost of spatial resolution. Since the criterion was to design simple yet
comprehensive methods of integrity quantification, we have refrained
from assigning weights to the parameters when combining them to
produce composite indexes (see Figs. 3, 4 and 6). This assumes that all
of the used indicators have the same significance, which is an
oversimplification.

Furthermore, the approach is largely based on interval or range
representation, meaning that variables are normalized to represent
regional maximum and minimum in relative units. The results are obvi-
ously always dependent on study area selection. Therefore, larger land-
scapes (e.g., regions or federal states) are more suitable, because they
contain more reference localities than small ones (e.g., municipalities).
Ultimately, the results from this assessment are not perfectly compara-
ble between different landscapes, because the references will always be
different. We argue, that despite the quantification is bound to uncer-
tainty, the results deliver valuable indication of the ecological state of
a region. The method of RIEI calculation is suitable in any realistic situ-
ation, but would produce irrelevant results if used improperly. A land-
scape wholly covered in asphalt would have a RIEI of 100% and 0% at
the same time, same as if it was a completely forested landscape.

Land-use classification uncertainties have to be taken into consider-
ation when validating results of this study. Both CLES and CORINE 2012
contain mistakes due to false identification of land use and because they
are already outdated. This can affect the results of smaller land-use
types like anthropogenic surfaces, but also peatlands and wetlands,
while better represented land-use types are less vulnerable to such
bias (Hou et al., 2013). We have decided to use CLE in Treborisko, be-
cause it allowed much finer distinction of land-cover and compared to
CORINE.

4.2.3. Limitations of the variables used

A general problem when using satellite images was the incidence of
cloud cover, which rendered many images useless especially in
Schleswig-Holstein. This can pose an issue when there are not enough
images available during the vegetation period, as this is not a problem



J. Zeleny, D. Mercado-Bettin and F. Miiller

in winter, in spring and summer, it is necessary to have as many images
as possible to be able to represent the vegetation phenological phase.

Some parameters used to represent ecosystem integrity can be espe-
cially sensitive to certain land-cover related features, which could bias
the results and the subsequent regional integrity index. Validity of the
results depends also on the possibility to perform extensive in-situ as-
sessments, without which it is impossible to say whether the measured
values truly represent ecosystem integrity. Proxy variables and respec-
tive data sets, with demonstrable relation to ecosystem integrity or
other relevant ecosystem state indicators (typically biodiversity, habitat
fragmentation, anthropogenic influence etc.) can be used to validate the
here proposed indicators (e.g., Walston and Hartmann, 2018; Carter
et al., 2019; Moudry et al., 2021). This approach includes two external
land cover layers as means to validate the approach results and test
the hypothesis stating that forested and densely vegetated areas
would possess the highest ecosystem integrity, croplands and pastures
would rank in the middle, while urban areas would contribute the
least to regional ecosystem integrity. Besides that, several other valida-
tions were done, but not on a systematic level, as this was not the aim of
the research. These comprise personal visits to study areas for results
confirmation, comparing with Google Earth images, consultation with
nature conservation agency in Trebofisko and spatial data provided by
them (AOPK, 2020, see Supplementary materials, Fig. A.2), personal ac-
quaintance with the area by the research team, previous research
(Zeleny et al., 2020) and an extensive qualitative research, results of
which extend beyond the scope of this article. This study report pre-
sents the logic behind the proposal and development of an innovative
ecosystem integrity assessment method and explores the application
results is case study areas; extensive in-situ or other validation using
proxy data was not the aim of the presented study, but it definitely is
a topic for any upcoming research as was already initiated in Zeleny
et al. (2020) where an ecosystem services dataset was included in the
analysis.

A significant weakness of optical sensors is that the information ob-
tained does not represent structural characteristics of vegetation. NDVI
is representing photosynthetic activity only in two dimensions, which is
why forest understory will not be represented in a measurement. This
factor significantly contributes to the inability of NDVI to distinguish be-
tween arable land, grassland and forest, as they all seem uniformly
green from above. This overall low discriminatory power of NDVI was
also observed within this study. The issue was partly mitigated by
using an aggregated NDVI measure across the vegetation period,
which also represents the time during which an area is vegetated and
further helps distinguish cultivated from uncultivated land.

A considerable challenge of the presented approach is the usage of
at-satellite brightness temperature, which is different from actual sur-
face temperature at land (by 1 to 5 K) due to the disturbing effect of
(1) atmospheric absorption and re-emission, (2) land surface emissivity
and (3) surface roughness, which require correction (Weng et al., 2004).
Since accurate LST calculation is a challenging process, several methods
have been proposed (e.g., Sobrino et al., 2004; for a review see Li et al.,
2013), some of which are specifically designed for Landsat 8 TIRS
(e.g., Yuetal, 2014; Jiménez-mufioz et al., 2014). A challenging issue re-
mains the inclusion of land surface emissivity, which is vital for accurate
calculation of LST. Land emissivity is different for vegetated surfaces,
water and bare soil. Again, several approaches exist based on for
e.g., manual assigning of emissivity to land-cover types (requires a
detailed knowledge of the case study area and does not account for
seasonal variation in vegetation cover) or using NDVI to operationally
classify land cover and assign emissivity values “on the fly” (Sobrino
et al., 2004; Yu et al., 2014). Although we are aware of the inherent
inaccuracy, because of the methodological difficulties connected with
the calculation of LST from BT, and because we wanted to design a
practical method, which would not discourage the wide audiences
from usage, we have decided to include BT instead of LST. Furthermore,
actual temperature measurement was not our intent, but only
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measurement of the length of the thermal gradient (cooling capacity,
relative measure).

4.3. Future research

We suggest that anyone interested in progressing the presented
approach takes advantage of the rapidly expanding field of remote
sensing and new emerging instruments. Although the general idea of
representing ecosystem integrity remains, possibilities for advancing the
approach come from the point of view of scale (local to global),
resolution (spatial and temporal) and diversity of inputs (radar,
hyperspectral, LIDAR etc.). Novel instruments and techniques are
expected to provide higher quality measurements of parameters, which
are of primary relevance for ecosystem integrity. Following the framework
of Miiller et al. (2000) and Miiller (2005), a number of variables could be
included to improve the approach (see Table 1). Currently there are a
number of additional parameters available from MODIS (Moderate reso-
lution imaging spectroradiometer) instrument on board of the satellite
TERRA and AQUA, namely respiration, transpiration, LAI/FAPAR, primary
production and land surface temperature, although the resolution is suit-
able for large-scale or global assessment (pixel resolution 500-1000 m).

One of the significant contributions of the above presented approach
is its potential to provide emergent information when combined with
other types of environmental and other (e.g., socio-economic, geomor-
phological, pedological) data (Zeleny et al., 2020), or ecosystem features
representing biodiversity (Rocchini et al., 2018) and vegetation struc-
ture (Moudry et al., 2021). Similarly, assessing the relation between
the human footprint and habitat intactness indicators, analysed using
fragmentation metrics, would prove how thermodynamic properties
of an ecosystem interacts with its physical structure.

5. Conclusion

This study presents a contribution to the quantification and assess-
ment of ecosystem integrity based on three variables obtained from
open access satellite data: NDVI, TD and HG. The focus of the methodo-
logical development has been on producing a simple, flexible yet theo-
retically sound method, usable by a broad range of experts and laymen.
The proposed indicators of ecosystem integrity have been designed and
their capacity to identify and quantify the gradient between anthropo-
genic and natural ecosystems in a landscape context has been tested
using a land-cover classification layer. Also, an integrative aggregation
method was proposed and results presented in two case study areas,
comprising two different scales and management regimes. The pre-
sented approach offers suggestions for the development of methodolog-
ical approaches to identify biodiversity valuable areas, as well as
evaluate the sustainability and performance of landscape management.
Based on the above presented analysis, the three proposed research
questions are answered as follows:

I. Are the three selected variables suitable and sensitive enough to
quantify the regional ecosystem integrity gradient?
We conclude that NDVI proved to be the least sensitive parame-
ter while heterogeneity and brightness temperature proved the
opposite. Thus, although the variables have limitations when
used separately and in single time steps, their sensitivity and ca-
pacity to quantify ecosystem integrity can be improved if com-
bined in a single ecosystem integrity parameter, and an
additional dimension of information can further augment their
explanatory power if aggregated for the whole vegetation period.

II. Are there differences in terms of ecosystem integrity between
the two case study regions?
The two selected case study areas were supposed to represent
ecologically distinct realities, yet the results had shown that
both areas are fairly similar when it comes to their integrity:
Trebofisko as a natural reference had reached the highest



J. Zeleny, D. Mercado-Bettin and F. Miiller

ecosystem integrity score (RIEI = 67%), but this was only 10%
higher than the worst performing area, the sub-region Marsch
in Schleswig-Holstein (RIEI = 57%).

IIl. Are there differences in the selected regions with respect to the
integrity of their land-use types?
In both study areas, the highest performing land-use classes were
broad-leaved forests and mixed forests, followed by coniferous.
Pastures received fairly high values in Schleswig-Holstein, espe-
cially in terms of NDVI which reached levels comparable with for-
ests. Non-irrigated arable lands received intermediate values in
Schleswig-Holstein, but an analogical class in Treborisko has re-
ceived values comparable to urban and non-vegetated areas.
Urban and non-vegetated areas have received the lowest values
in both Tfeborisko and Schleswig-Holstein.

Our exploration of the behaviour of the three indicators has shown,
that despite their explanatory power as separate measures is relatively
low, when used in combination, NDVI, TD and HG can sufficiently pro-
nounce the anthropogenic gradient within a landscape and potentially
identify ecologically valuable as well as deteriorated areas in consider-
able detail (10 x 10 m resolution). The presented method offers an ap-
proach to landscape assessment for management and conservation, and
it is open for anyone, experts and laymen, to use and develop further.
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Abstract

Human well-being is highly dependent on nature, especially with respect
to food provision. This study has been developed in the ecosystem service
framework and focuses on the evaluation of ecological integrity as a base
for the capacity of Schleswig-Holstein to provide ecosystem services. The
ecosystem service potential is assessed based upon a Bayesian belief
network and the study area’s soil fertility. The respective service flow is
estimated from official regional statistics, and is represented by the total
harvested biomass for food, fodder and energy. The spatial distribution
of six different ecological integrity variables and the crop production
potentials and flows are compared and interpreted with respect to the
characteristics of the main landscape regions within the study area. The
results indicate a trade-off between the actual crop production and the
underlying ecological integrity and service potentials. This trade-off is
strongest in case of croplands, while it gradually diminishes in grasslands
and forests. Based on the results, conclusions about the relation between
ecosystem services and ecological integrity are drawn. The findings of
the study can be used to support the development of sustainable land
management strategies, which aim to harmonize agricultural production
and environmental conditions.

Research highlights

+ Comprehensive ecosystem assessment on the level of the federal state of
Schleswig-Holstein.

* Quantification and mapping of ecological integrity and ecosystem services.

* Evaluation of spatial interrelations between ecological integrity and
ecosystem services.

* Identification of spatial mismatches between ecological integrity and
intensive crop production.

* Regional comparison of the performance of arable land-, grassland and
forests with respect to selected ecological integrity variables.
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1 Introduction

Ecosystem services (ES) are defined as the goods and
benefits that people obtain from ecosystems (De
Groot et al. 2002; Burkhard et al. 2009, 2012; Ash et
al. 2010; Syrbe & Grunewald 2017). More precisely,
“ecosystem services are the contributions of ecosys-
tem structure and function — in combination with
other inputs —to human well-being” (Burkhard et al.
2012, p.2). The concept of ES generally articulates
the importance of the biosphere to humanity in the
broadest sense.

The ecosystems’ structures, processes and func-
tions are fundamentals for the capacity of an eco-
system to provide ES (Paetzold 2010; Burkhard et al.
2010; Miller & Kroll 2011; Miiller & Burkhard 2012;
Kandziora et al. 2013; Hou et al. 2014; Syrbe et al.
2017; Maes et al. 2018). The functions of an ecosys-
tem are commonly referred to as ecosystem condi-
tions and can be indicated using ecological integrity
(El) variables (Miller & Burkhard 2012; Schneiders
& Miiller 2017). Even though there is a general sci-
entific acceptance of the basic role of El as a fun-
dament of ES provision, there are knowledge gaps
with respect to the specific interactions among the
conceptions (Erhard et al. 2017; Laurila-Pant et al.
2015; Liquete et al. 2016). Since landscape features
such as climatic, soil and biological conditions are
arguably co-dependent to a large degree, seeing
them as an interacting network should yield a more
complete understanding of the factors determining
production and efficiency (see Figure 1).

We assume that by looking at ES alone, one can get
an incomplete perspective only for the sustainable
management concerning ecosystem efficiency and
thus desirability. Therefore, the aim of this study is
not only to provide a comprehensive spatial ecosys-
tem assessment by applying a combination of mul-
tiple data sources and methodological approaches
but also to shed some light on the relationships and
dependencies between the assessed variables se-
lected to represent El and ES in the landscape con-
text.

A sustainable utilization of ES can be facilitated by
a better understanding of the complexity of land-
scapes. Although progress in this field has been dif-
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ficult due to a historical lack of spatially explicit and
statistically comparable data, modern technologies
like remote sensing and probabilistic modelling open
up new possibilities, which can successfully be used
to quantify ecologically relevant features (Niemi &
McDonald 2003; Miller & Burkhard 2012; Kandzi-
ora et al. 2013; Nielsen & Jgrgensen 2013). Spatial
analysis and representation (mapping) are useful
to visualize natural assets and trade-offs between
different interests and to promote efficient man-
agement strategies (Hou et al. 2013; Burkhard et
al. 2013). Furthermore, spatial analyses can be per-
formed in order to create additional knowledge on
human-environmental interactions (Burkhard et al.
2012; Schroter et al. 2014; Burkhard & Maes 2017b).

The common drawbacks of spatial analyses are re-
lated to data scarcity, scale mismatches and mul-
tiple uncertainties concerning data aggregation,
representation, integration and interpretation. The
combination and aggregation of multiple data sourc-
es, converted to a common format and resolution,
are highly relevant approaches to resolve the prob-
lem of data scarcity (Hou et al. 2013; 2014). Such
transformations are, naturally, bound to a whole ar-
ray of uncertainties. However, they gain the advan-
tage of comparability by statistical analyses. Next
to the quantification of El and ES in the study area,
mapping and spatial analysis of the variables has
been key for this study. In the following sections, fur-
ther information is provided on the general concepts
of El and ES.

1.1 Ecological integrity

The common understanding of the word “integri-
ty” is wholeness or, an undisturbed state of being
(Cambridge Dictionary 2019). In ecological terms,
integrity can be understood as the proximity from
a natural reference (Karr & Dudley 1981; Karr 1993;
Westra et al. 2000; Andreasen et al. 2001) or as the
degree of ecosystem maturity (Kay & Schneider
1992; Jgrgensen et al. 2007). This study incorporates
the understanding of El as the degree of self-organ-
ization determining certain holistic system features.
Since ecological systems are capable of oriented de-
velopment without external influences (autopoiesis,
Maturana & Varela 1998), the degree of self-organ-
ization can be used to measure and represent El
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(Schneider & Kay 1994; Miller 2005; Parrot 2010).
Integrity consequently stands in a contradiction to
human influences, also referred to as hemeroby (Hill
et al. 2002), which usually introduces stress to eco-
systems. In this fashion, Barkman et al. (2001) have
defined El as “a political target for the preservation
against non-specific ecological risks, that are gen-
eral disturbances of the self-organizing capacity of
ecological systems” (Miller 2005, p. 283). Kay and
Schneider (1992, p. 159) have argued for integrity in
a similar fashion: “Integrity of an ecosystem refers
to its ability to maintain its organization,” emphasiz-
ing the capacity of integer ecosystems to remain in
a highly organized state despite being influenced by
disturbances and gradual changes (for a definition
of concepts used withing this text and related con-
cepts, see Table 1).

Frameworks on landscape-scale integrity assess-
ments have occasionally emerged, suggesting an in-
dex of regional integrity (Slocombe 1992; Andreasen
et al. 2001; Reza & Abdullah 2011). El variables are
also good proxies to assess ecosystem conditions.
They aim to maintain fundamental ecological func-
tions and are the basis for the sustainable provision
of ES (Revenga 2005; Kandziora et al. 2013; Menzel
et al. 2013; European Commission 2016; Roche &
Campagne 2018). Different studies define ecosys-
tem condition as the sum of biophysical properties
that support the effective capacity of an ecosystem
to provide services (MEA 2005; Schroter et al. 2006;
European Commision 2016; Erhard et al. 2016).
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A prominent approach to assess a landscape’s eco-
system integrity is to combine different data from
different methods to assemble comprehensive in-
formation about the focal socio-ecological system
(Burkhard et al. 2009; Vihervaara 2010; Nedkov &
Burkhard 2012). The omnipresent dilemma of data
scarcity can be resolved by relying on expert knowl-
edge and valuing different land use patterns and their
potentials to support integrity and subsequent ser-
vices, e.g. by using the ES matrix approach (Burkhard
et al. 2010, 2012, 2014; Jacobs et al. 2015). Today,
possibilities to derive El indicators are strongly con-
nected simulation models of ecosystems and spatial
analyses of remotely sensed data (Hou et al. 2013).
For instance, Fraser et al. (2005, 2009 and 2011)
have used remote sensing to represent El changes
by a temporal comparison of measurements of the
Normalized Difference Vegetation Index (NDVI) and
fragmentation metrics in Canadian national parks. A
variety of indicators quantifying patterns of vegeta-
tion surface temperature gradients have also been
proposed to represent integrity (Vargas et al. 2017,
for a review see Maes et al. 2011), based e.g. on the
concept of Schneider & Kay (1994). Also, vegetation
complexity can be quantified using remote sens-
ing either as a representation of texture complexi-
ty (Parrott 2010) or by an assessment of patch and
landscape heterogeneity (Walz 2014; for a review
see Uuemaa et al. 2009).

Table 1: A summary of the different concepts used within the text and other terms related to ecological integrity.

Concept Description

Literature source

Ecological integrity
human influence

Distance from a natural reference — relatively unaffected by

Karr & Dudley 1981; Karr 1993;
Westra et al. 2000

Ecosystem integrity
complex organization

Ecosystem capacity to dissipate energy gradients and maintain

Kay & Schneider 1992; Mller
2005; Jgrgensen et al. 2007

Ecosystem health
an anthropogenic ecosystem

The overall well-being, productivity, resilience and resistance of

Rapport et al. 1998; Costanza
2012

Ecosystem condition

The capacity of an ecosystem to provide services, relative to its
potential capacity arising from the ecosystem’s state

European Commission 2014, p. 78

Resilience The capacity to retain or restore a state of organization after Holling 1973; Pimm 1984
suffering from a disturbance
Resistance Ability to mitigate the negative effects of stress or disturbance Millar et al. 2007; Ramsfield 2016

Biophysical structures

within the system

The architecture of an ecosystem as a result of the interactions

European Commission 2014, p. 78
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1.2 Ecosystem services

The interdisciplinary ES concept is of highly inte-
grative nature, considering ecosystems and hu-
man-environmental interactions (MAE 2005; Daily &
Madson 2008; De Groot et al. 2010; Haines-Young
& Potschin-Young 2010a; Burkhard 2017; De Groot
et al. 2017). ES are understood as “[...] those prod-
ucts and outcomes from complex ecological inter-
relations which are useful and necessary for human
wellbeing, thus providing societal benefits” (Miller
et al. 2015, p. 8). Generally, ES can be divided into
three categories: provisioning, regulating and cul-
tural ES (e.g. MEA 2005; Kandziora et al. 2013; Bur-
khard et al. 2014; Sohel et al. 2015; Stoll et al. 2015;
Haines-Young & Potschin 2017; Schneiders & Miiller
2017). Direct products, such as crops and freshwater,
are defined as provisioning ES (De Groot et al. 2010;
Haines-Young & Potschin-Young 2010a; Kandziora et
al. 2013; Haines-Young & Potschin 2017). The bene-
fits which people obtain from ecosystems through
the regulation of natural processes are considered
as regulating ES (Kandziora et al. 2013; Haines-Young
& Potschin 2017). A typical example of regulating
ES is pollination by insects, retention of nutrients
in soils, ecosystem carbon fixation or water purifi-
cation in streams. Cultural ES refer to the intangible
benefits that people obtain such as non-material in-
spirational and educational experiences, aesthetics
or recreation (De Groot et al. 2010; Kandziora et al.
2013; Haines-Young & Potschin 2017).

Onthe EU level, the relevance of the ES conceptis em-
bedded e.g. in the EU Biodiversity Strategy (Target 2,
Action 5). Here, EU Member States are asked to map
and assess their ecosystems’ states and respective
services with the assistance of the European Com-
mission (Maes et al. 2012; Teller 2017). The mapping
of ES supports a variety of purposes, amongst which
are the generation of knowledge in terms of ecosys-
tem assessments, ecosystem accounting, decision
support and awareness-raising (Jacobs et al. 2017).
Current applications of ES mapping focus on quan-
titative ES valuations and accountings (Syrbe et al.
2017). The maps can be used to indicate for instance
risks for the state of ecosystems, unsustainable land
management and utilization of ES. In that sense, the
target of this study is to assess focal aspects of sus-
tainability of the current land management in the
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study area with regard to ES utilization. Therefore,
a lot of emphasis lies on the spatial assessment and
mapping of relevant variables.

Within this study, we focus on the ES crop produc-
tion, which falls into the category of provisioning ES.
Crop production refers to the cultivation of plants
and harvests of these plants on agricultural fields
and pastures, which are used for human nutrition,
as fodder or for the generation of energy.

Besides, ES can be investigated based on potentials,
flows and demands. The potentials of an ES describe
the hypothetical maximum vyield of the selected ES
(Burkhard et al. 2014). On the other hand, the flow
refers to the actually utilized ES (Syrbe et al. 2017).
An aspect that is highly interesting and worthwhile
of assessing is the spatial mismatch between ES po-
tential and actual ES flow (Guerra et al. 2017). The ES
demand is independent of ES supply (potential and
flow) and is driven by the consumers’ benefits, util-
ities or welfare (Villamagna et al. 2013; Burkhard et
al. 2014; Brander & Crossman 2017). The demand is
temporally and spatially dependent and directs the
ES flow. This means, in case there is no demand for a
certain service, there will be no ES flow. Also, situa-
tions of unmet demand can occur, i.e. if the demand
for a certain ES is higher than the ES flow (Syrbe et
al. 2017; Dang et al. 2018).

Figure 1, which is based upon the cascade model
after Haines-Young and Potschin (2010b), demon-
strates the relations between the items outlined
above. Ecosystems and biodiversity are character-
ized by biophysical structures, processes and func-
tions. The structures and processes can be bundled
into certain functions and functional groups. Those
functions are the fundamentals of ES potentials.
They can be turned into ES flows if they are activat-
ed and if they contribute to human well-being. In
that case, they are featured by certain values, which
demonstrate the relative significance of the servic-
es. Benefits and values jointly are the basic compo-
nents of the demands for ES. The social-economic
system may introduce changes with respect to the
utilization of ES and management. These activities
can influence the potentials for future delivery of
services. In the case of unsustainable resource uti-
lization, the chances are high that future potentials
will be reduced.
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Figure 1: A schematic representation of the different components and feedback loops, which are interacting in the landscape
system (based on the cascade model of Haines-Young and Potschin 2010b). Focal methods used for representing each component
are listed in the lower part of the figure.

1.3 Aim of the study

We assume that ES emerge at the interface between
cultural and natural elements of a landscape and
that they are therefore important drivers of land-
scape organization. Thus, it is important to represent
both the El and ES in a comparable format, in order
to provide comprehensive information for current
management. Input data sources have to be em-
ployed and properly modified realizing the relevant
uncertainties (Hou et al. 2013), which can emerge
from representing and aggregating landscape fea-
tures. We aim at providing an extended interpreta-
tion of how El relates to the production of ES in the
context of variable human land management and
agricultural practices.

Based on literature research and with respect to the
omnipresent issue of data availability, six variables
representing six holistic indicators of El have been
chosen. These are exergy capture, entropy produc-
tion, abiotic heterogeneity, biotic water flows, stor-
age capacity and reduction of nutrient loss. The se-
lected indicators used to represent the El variables
(see Table 1 and 2) are following approaches pro-
posed by Schneider & Kay (1994), Miuller (2005),
Maes et al. (2011) and Kandziora et al. (2013).

The objective of the study is to deliver an integrative
ecosystem assessment in landscape context. The
study focuses on the evaluation of El as a base for
the capacity of the study area to provide the ES crop
production. We have selected the German federal
state Schleswig-Holstein as a focal case study area,
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Table 2: Description of the six selected indicators of El used within this study.

Indicator Description

Exergy capture

The amount of solar energy absorbed by vegetation during photosynthesis.

heterogeneity

Biotic water The volume of water transported within an ecosystem, e.g. during transpiration. Higher flows indicate active

flows hydrological conditions as well as efficient ecosystem metabolism.

Entropy The amount of photosynthetic energy, which is consumed and released as heat (entropy) during biotic res-

production piration. High respiration is a sign of high maintenance costs and can indicate either ecosystem maturity or
disturbance.

Abiotic The degree of unevenness of an ecosystem, which is an indication of self-organisation. Anthropogenic land

management tends to promote homogenization while during natural succession, a diversity of patterns and
niches emerges in cohesion with biodiversity.

Storage
capacity

The amount of exergy stored within organic compounds in soils and biomass. In soils, storage capacity affects
the general fertility, water and nutrient retention capacity as well as biodiversity.

Reduction of
nutrient loss

nutrient leakage at the outflow.

The capacity of an ecosystem to retain and recycle nutrients. Disrupted ecosystems can be indicated by higher

because of regional knowledge and as it presents a
well delineated gradient of both geomorphological
as well as management conditions. Therefore, the
study area is suitable to test the EI/ES relation un-
der different conditions. Multiple methodological
approaches are applied in order to assess and map
the different El variables and the crop production ES
potential and flow. Subsequently, the spatial distri-
butions of the different variables are compared and
interpreted with respect to the characteristics of the
main landscape types within the study area.

In order to reach these objectives, the following re-
search questions have been formulated:

I. Does the spatial distribution of the assessed El
variables reveal a distinct regional pattern?

Il. Does the spatial distribution of the ES crop pro-
duction reveal a distinct regional pattern?

lll. What is the relation between the assessed El var-
iables and the crop production ES potential and
flow?

IV. How is the EI/ES relation manifested in croplands,
grasslands and forests of the three main land-
scape regions of Schleswig-Holstein?

V. Does the temporal distribution of the assessed El
variables reveal a distinct regional pattern with
respect to croplands, grasslands and forests?

Section 2.1 introduces the study area. In section 2.2,
the methodological approaches and input data sets
are enumerated. In the third section, the results of
the assessment of the relationships between El and

ES are presented from three perspectives: the gen-
eral performance of SH in terms of El and ES (Sec-
tion 3.1), a special focus on maize cultivation (Sec-
tion 3.2) and a comparison between three different
land-use types (croplands, grasslands and forests,
Section 3.3). Based on these findings, some general
conclusions are drawn in Section 4 concerning land-
scape-related land management aiming to reduce
the negative impacts caused by conventional agri-
cultural practices. The research questions outlined
above are revised and answered in section 5.

2 Materials and methods

2.1 Study area

The study area, Schleswig-Holstein (SH), is the north-
ernmost federal state of Germany, surrounded by
the North Sea to the West and the Baltic Sea to the
East (Figure 2). Due to this position, the study area is
featured by maritime and humid climatic conditions.
The annual averages of the mean temperature and
precipitation are around 8°C and 840 mm, respec-
tively (Climate Data Center 2018). The spatial extent
of the study area is approximately 15’802 km? (Ger-
man Federal Statistical Office 2018). Arable land and
pastures are predominant land use types (Figure 2b).

The study area can be subdivided into three main
landscape regions (Stewig 1982; Bahr & Kortum
1987): Higelland, Geest and Marsch (Figure 2). The
different characteristics of the three regions can
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Study area

Schieswig-Holstein

Relevant land use/land cover types
Arable land

Pastures
B Forest and natural vegetation

B other

0 10 20 30 40 50km

Figure 2: Overview of the study area incl. distribution of

dominant land use/ land cover types based upon CORINE

2012 (BKG 2019). The lines indicate the borders of the main
landscape regions.

be attributed to the geological development of the
area, during the Pleistocene and Holocene periods.
Hiigelland and Geest originate from the Pleistocene,
whereas the Marsch dates back to the Holocene and
is thus the youngest of the three landscape regions
(Stewig 1982; Hoffmann 2004). The differences be-
tween Geest and Hugelland arise from the varying
expansions of the last two glaciations during the
Pleistocene (Schott 1956; Stewig 1982). The Saalian
glaciers covered both the Geest and the Hiigelland.
During the younger Weichselian glaciation, only the
Eastern part of the study area was covered by the gla-
ciers. The rolling hills of the Hiigelland as well as the
fertile soils, several lakes and embayments are re-
mains from the impact of the Weichselian glaciation
on the landscape (Schott 1956; Stewig 1982; Bihr &
Kortum 1987). Contrary to that, during this period,
Geest served as outwash plains of the glacial melt-
ing waters. As a result, the old moraines from the
Saalian glaciation were extensively degraded. Today,
the area of the Geest is characterized by rather poor,
sandy soils (Schott 1956; Bahr & Kortum 1987) and
due to the erosion by only little relief. The Marsch
is located along the North Sea coast and originates
from post-glacial processes as sea level rise and dep-
osition of tidal, fluvial and organic sediments (LLUR
2012). It is a low lying area (LLUR 2012), character-
ized by fertile soils, where drainage predominates
the landscape (Hoffmann 2004).
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2.2 Methodological approaches used in the study

Three methods based on remote sensing, regional
statistics and geodata and Bayesian Belief Networks
have been employed in this section to deliver spa-
tially comparable information on El, ecosystem ser-
vice flows, potentials and management. Firstly, we
have used a data set on soil fertility and a probabil-
istic inference model integrated into a Bayesian Be-
lief Network to estimate the likelihood of high crop
production based on information on soil and cli-
matic conditions. The modelled potential data sets
serve as reference information on the hypothetical
crop production, which would be obtained if the sys-
tem would be mainly dependent on abiotic factors
(section 2.2.1). Secondly, the contribution of biotic
factors to ecosystem processes in SH were explored
as El using remote sensing and official regional data,
such as statistics. The results serve as measured
biotic potentials, represented as the capacities to
bind solar energy in photosynthesis, capture it dur-
ing evapotranspiration to drive vertical water flows,
metabolize it efficiently, convert it into biomass and
store it in soil (section 2.2.2). Thirdly, actual flows of
the focal provisioning services were calculated based
on the official regional statistics (section 2.2.3).

Since the analysis has mostly been executed fo-
cusing on specific land-use management types, it
is necessary to delineate the exact meaning of the
terms which are used as reference to land-use types
defined within the CORINE Land Cover (CORINE LC)
nomenclature. We use the terms “arable lands” or
“croplands” to represent the CORINE LC class 211:
Non-irrigated arable lands (excluding other types of
agriculture like agroforestry, orchards, etc.) and the
terms “grasslands” or “pastures,” by which we refer
to the class 231: Pastures. The CORINE LC class “for-
ests” is referring to a merged group of three classes:
311: Broad-leaved forest, 312: Coniferous forest and
313: Mixed forest.

2.2.1 Bayesian belief network applications

Bayesian Belief Networks (BBN) are based on Bayes’s
theorem (Bayes 1763) and represent posterior prob-
abilities of output nodes under the changes in relat-
ed input nodes (Ellison 2004). Adapted from various
former BBN approaches (Dang et al. 2018; Ellison
2004; Kragt 2009; Kruschke 2014; Poppenborg &
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Koellner 2014), the authors have developed a new
BBN that distinguishes abiotic variables, ecosys-
tem functions and the crop production ES potential
(shown in Appendix 1). The network is developed to
predict the suitability of agricultural regions based
on the Bayesian probability approach under chang-
es in abiotic factors. The crop types integrated into
this network include barley, oat, potatoes, rye, mas-
lin, silage maize, sugar, triticale, winter canola and
winter wheat. Other crops have been excluded due
to data unavailability. The structure of this network
has been developed based on the conceptual frame-
work of ES (Burkhard et.al. 2014) and is included in
Appendix Al. Accordingly, the three types of ecosys-
tem functions identified in croplands to assess the
potential of crop production include photosynthe-
sis potential, nutrient availability (in soil) and water
availability (soil moisture). The natural sources of
these ecosystem functions are estimated from abi-
otic factors (such as soil radiation, temperature, soil
texture, erosion etc.). A description of the respective
environmental data sets can be found in Appendix 2.

In the developed BBN, three main components of
Bayes’ rule were integrated including the prior prob-
ability of input and output nodes, and conditional
probability tables (CPTs). Lastly, the network was
used to run approximately 1100 cases correspond-
ing to the municipalities in Schleswig-Holstein be-
fore mapping the crop production potential.

2.2.2 Remote sensing procedures

Remote sensing measurements were taken from
Landsat 8 TIRS (USGS 2019), Sentinel-2 MSI (ESA
2019) and MODIS (NASA 2019). The instruments,
used within this study to derive representative vari-
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ables and their respective ecological integrity indica-
tors, are summarised in Table 3.

Landsat 8 senses both multispectral and thermal
images at moderate resolutions (30 and 100 m) and
provides complementary information to Sentinel-2
with respect to vegetation performances (Roy et al.
2014; Castaldi et al. 2016; van der Werff & van der
Meer 2016; Chrysafis et al. 2017). Since Sentinel-2
measures reflect light with a higher resolution (10,
20 and 60 m), sensitivity and temporal frequency,
multispectral products were selected from Senti-
nel-2 instead of Landsat 8. Landsat 8 nevertheless,
served to provide a vital measure of Land Surface
Temperature (LST), which is missing in Sentinel-2.
Photosynthetic productivity and respiration were
obtained from MODIS in the lowest spatial (1 km)
and highest temporal (8-day composites) resolution.

2.2.2.1 Indicating biotic water flows

Evapotranspiration, measured as the difference be-
tween reference vegetation surface temperature
and bare soil temperature, represents the amount of
water that is moved in plant stems (thus linked with
the indicator “biotic water flows”) and solar energy
used to evaporate the water from leaves. The inten-
sity of evapotranspiration relates to the efficiency
and intensity of the whole ecosystem metabolism
and is thus of major importance for El assessments
(Schneider & Kay 1994).

An estimate of biotic water flows was derived from
the Thermal InfraRed Sensor (TIRS) instrument,
which can be used to estimate Land Surface Temper-
ature (LST). Water evaporation consumes heat en-
ergy reducing the surface temperature around the
leaves, thus the more water is lost by transpiration

Table 3: Indicators, respective units, resolutions and instruments derived from remote sensing data to deliver representations of
selected El variables.

No. | El variable Indicator Unit Resolution Satellite
1 | Biotic water flows Temperature difference (TD) [°C] 30 m (100 m) Landsat 8
2 | Exergy capture Normalized Diff. Vegetation Index (NDVI) [-] 10m Sentinel-2
3 | Abiotic heterogeneity Edge density (ED) [-] 10m Sentinel-2
4 | Entropy export Metabolic respiration gC 1km MODIS (MOD17)
m2 y?
5 | Net primary production Net primary production gC 1km MODIS (MOD17)
m2 y?
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(higher biotic water flow) from vegetation the cool-
er it appears using a thermal sensor. The respective
band 10, containing thermal information, was re-
calculated from spectral radiance into At-Satellite
Brightness Temperature (see Equation 2) and used
for further transformations. The respective equation
for the At-satellite brightness temperature calcula-
tion is Eq. (2):
KZ
BT[°C]=———-273.15,
K, (2)

rvey

where: BT is the At-satellite brightness temperature
(°C), LA ( mvesa=um ) is the Top of Atmosphere (TOA)
spectral radiance, K1 and K2 are the band-specific
thermal conversion constants from the meta-data
(Xiao et al. 2007; Jeevalakshmi et al. 2017).

The BT layer contains information on the absolute
land surface temperature in a given measurement.
Our aim was to separate the temperature reduction
capacity of vegetation to represent the integrity in-
dicator biotic water flows, for which a simple mathe-
matical transformation was applied. The transforma-
tion converts the absolute surface temperature in °C
into a temperature range, where TD = 0 equals the
minimum (95% percentile to downweigh outliers)
land surface temperature obtained and TD = max
represents the highest measured temperature in a
single measurement. The procedure is expressed in

Eq. (3):
TD[°C]= (-BT) + (95% percentile BT), (3)

where TD is the parameter temperature difference,
representing the temperature gradient created by
vegetation in comparison to bare soil, and BT is the
measured land surface temperature.

2.2.2.2 Indicating exergy capture

Exergy capture is the capacity of vegetation to cap-
ture solar radiation, and it was previously suggest-
ed to be readily measured as NDVI (Kandziora et al.
2013). NDVI is a (-1, 1) normalized ratio between
the reflected light in the red (RED) and near-infra-
red (NIR) part of the light spectrum (Eq. 1; Xu et al.
2012). In the most general way, it represents the
“greenness” of the vegetated surface or the fraction
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of red light absorbed by chlorophyll. Both parame-
ters were obtained from band 4 and band 8 of the
Sentinel-2 data. Equation 4 describes the calculation
of NDVI from Sentinel-2, Eq. (4):

— NIR-RED Band 8 - Band 4
NDVI[ ]_NIR+REDor Band 8 + Band 4’ (4)

where NDVI is the Normalized Difference Vegeta-
tion Index, NIR is the reflectance in Near-Infrared
and RED means reflectance in red part of the visible
spectrum.

2.2.2.3 Indicating abiotic heterogeneity

In this study, the ecosystem abiotic heterogeneity
index is quantified based upon the unevenness of
the distribution of values within a raster data layer.
The calculation was designed to represent vegeta-
tion surface complexity of natural areas like forests,
in contrast to typically homogeneous agricultur-
al areas. The heterogeneity variable quantifies the
complexity of vegetation, which is closely related to
the capacity to self-organize and provide habitat fea-
tures for biodiversity. Therefore it is closely related
to El (Parrot 2010).

The abiotic heterogeneity was quantified as edge
density and has been produced in the Sentinel Ap-
plication Platform (SNAP by ESA) using the Diagonal
Compass Edge Detector (DCED) filter algorithm. The
general approach of calculating the image hetero-
geneity using edge detection is reviewed in Bakker
et al. (2002), who suggest the usage of a multidi-
rectional (diagonal) edge detector to account for
the variability of image texture characteristics of
landscapes. The filter, which is integrated within the
SNAP software, applies a predefined operation on
a selected raster, which in this case quantifies the
presence of edges (steep gradients). In the case of
homogeneous surfaces, the respective cells received
the value 0 while heterogeneous surfaces received
positive or negative values, based on the orientation
of the gradient. Images from the Sentinel-2 bands
4 and 8 were used in the process (reflectance in
red part of the visible spectrum and near-infrared,
respectively). Non-vegetated' surface reflectance
measurements were similar in bands 4 and 8, while

1 Meaning mostly urban and harvested lands, since water was not accounted
for. Also accounts for natural surfaces such as beaches, bare rocks and
mountains.
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vegetated surface reflectance differed considera-
bly. As healthy vegetation absorbs radiation in the
red part of the spectrum (band 4), while it reflects
most of the radiation in NIR (band 8) it is possible
to inhibit non-vegetated surfaces by using an appro-
priate equation (the principle of NDVI calculation).
We have decided to transform the images by DCED
filtering and to perform the calculation with edge
densities to further reduce the effect of the differ-
ences concerning the reflectances in both bands (we
were working with image complexity rather than
reflectance, see Eq. 5). This procedure pronounces
the edge density of vegetation only, therefore the
resulting parameter can be considered as vegetation
surface edge density. The conversion to positive val-
ues served to remove the factor representing orien-
tation of the edge (represented as either + and -) as
we were only interested in absolute values of edges.
The product images were further processed by con-
verting all values to absolute (positive) values. They
were square-root transformed to obtain a near-nor-
mal data distribution (normality not tested). The cal-
culation is represented in Eq. (5):

HG[ - ] = (V|DCED (NIR) - DCED(RED)|), (5)

where HG is the variable vegetation surface hetero-
geneity, DCED is the diagonal compass edge detec-
tor filter, NIR is the reflectance in the near-infrared
and RED is the reflectance in the red part of the vis-
ible spectrum.

2.2.2.4 Indicating primary production and entropy
export

Gross and net primary production (GPP, NPP re-
spectively) are important parameters estimating
the amount of solar energy, which is captured dur-
ing photosynthesis and the proportion of it, which
is stored in biomass (NPP). MODIS delivers data for
further processing by a model calculation (exact
name MOD17), which offers two parameters repre-
senting GPP and NPP (Zhao et al. 2005). The amount
of respired energy was obtained for this study by
substituting NPP from GPP in the year 2016, follow-

ing Eq. (6):

gC
Respiration [—fmz V] = (NPP-GPP), (6)
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where NPP is net primary production and GPP is
gross primary production.

2.2.2.5 Aggregation and image processing

Individual images of SH, obtained from remote sens-
ing data sets, available on the different respective
geoportals, were selected for the year 2016. Only
relevant land-use types were considered during the
analysis. These coincide with the dominant land-
use types in the study area: croplands, grasslands
and forests. The spatial distribution and extent of
the land-use types were derived from the European
2012 CORINE land cover data set. All respective ras-
ter layers were clipped and the sea and water sur-
faces were removed prior to the analysis since the
approach is based on terrestrial vegetation only.

The resulting data sets were sampled on the mu-
nicipality level (1176 units) to meet the criteria for
comparability with other data sets, mainly for data
from the regional statistics. An exception are the re-
sults of the analysis presented in section 3.3, which
were sampled using the three CORINE 2012 class-
es, croplands (non-irrigated arable land), grasslands
(pastures) and forests. The sampling was done using
a zonal statistics tool for QGIS (QGIS Zonal statistics
plugin 2019), which enables the calculation of sev-
eral statistical parameters, in our case the median
value from the extent of the individual municipality
polygon for each raster. Thus, median values were
obtained for each variable and each measurement,
aggregated on the municipality level and were fur-
ther processed as Excel spreadsheets.

The 8-day calculations of net primary produc-
tion (NPP) and respiration from MOD17 were first
summed into monthly composites and further
summed up for the whole year. The remaining varia-
bles, normalized difference vegetation index (NDVI),
temperature difference (TD) and texture heteroge-
neity (HG) were summed up across the year 2016 us-
ing the area under curve (AUC) calculation. The AUC
corresponds to the volume of space under a given
time curve (summation of squares between each
measurement point in the respective time period);
the calculation is expressed in Eq. (7):

Yia Y

AUCt = (Tt) *(Xt+1 B Xt)’ (7)
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where AUCt is the area under curve in time t, calcu-
lated as the average of two subsequent measured
valuesyintimetandt+ 1, multiplied by the number
of days between the two respective measurements
X. Equation (8) further describes the total AUC calcu-
lation for the whole vegetation period, which is cal-
culated as summation of the individual AUCs.

AUC=3" AUC, +AUC,_ +...+AUC,_ , (8)

2.2.3 Official regional data utilization

Data provided by official institutions such as the
Statistical Agency North (2010) and the LLUR (2011)
were also consulted for this study. Table 4 gives an
overview of all parameters of El and ES that have
been generated based upon these data sources.

Primarily, the agricultural census from 2010 (Statis-
tical Agency North 2010) served as data source for
the quantification of several El and ES indicators. In
particular, the agricultural census (Statistical Agency
North 2010) served as the base of information on
the spatial extent (in ha) of arable land and pastures
as well as the cultivated crop types at the scale of
municipalities. Average values on the harvests (in
dt/(ha*a)) of the different crop types were available
at the scale of counties or the federal state of Schle-
swig-Holstein (Statistical Agency North 2010). This
information has been processed in order to deliver
the indicator for the crop production ES flow. In addi-
tion, the harvest of silage maize has been quantified
and mapped. The plant residuals (in dt/(ha*a)) left
to decompose on the field after harvest have been
estimated as an indicator for the El variable storage
capacity. We assume that when more plant residues
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are left to be decomposed, there will be more organ-
ic matter and energy available for soil life to incorpo-
rate and create soil structures, which are fundamen-
tal for holding water and nutrients. The residuals
commonly consist of the root biomass and further
biomass from secondary products (e.g. straw) which
remain on the field after harvest. The residual man-
agement was assumed to be crop dependent and
identical throughout the whole study area. The re-
siduals have been calculated based upon the statis-
tical information on the cultivation from the agricul-
tural census 2010 (Statistical Agency North 2010),
average values on the products, secondary products
and root biomass (Louis Bolk Instituut 2009) and av-
erage residual management values for the different
assessed crop types including grasslands.

As some data entries at the scale of the municipali-
ties are missing in the regional statistics due to the
data privacy law, the information at the scale of mu-
nicipalities has been compared to the information
provided at the scale of counties. The calculated dif-
ferences have been allocated to the municipalities
with data gaps. The relative spatial extent of arable
land and pastures within the affected municipalities
served as the weighting factor for the allocations.
Next to these statistical data sets, spatial data on soil
functions provided by the LLUR (2011) have been
consulted, focusing on information on the nitrate
leaching potential and soil fertility in the federal
state. The LLUR (2011) calculated the nitrate leach-
ing potential and soil fertility mainly based upon soil
properties and climatic conditions. These data sets
were defined as the indicators for the El reduction
of nutrient loss and ES crop production potentials,

Table 4: Indicators, respective units and data sources of selected El and ES variables.

No. | EI/ES variable Indicator Unit Source
6 | Reduction of nutrient loss | Nitrate leaching potential Relative scale from 0 | LLUR (2011)
(El to 100
7 | Storage capacity (El) Residuals on crop- and grassland dt/(ha*a) Agricultural Census (Statistical

Agency North 2010)

(part of ES flow) silage maize cultivation

8 | Crop production (ES Soil fertility Relative scale from 0 | LLUR (2011)
potential) to 100
9 | Crop production (ES flow) | Yield from crop- and grassland dt/(ha*a) Agricultural Census (Statistical
Agency North 2010)
10 | Silage maize production Biomass production through dt/(ha*a) Agricultural Census (Statistical

Agency North 2010)
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respectively. As outlined in the introduction, the El
reduction of nutrient loss describes the ecosystems’
capacities to recycle and especially retain nutrients.

2.2.4 Data aggregation and statistical analysis

All data sources were selected based on the crite-
ria of good comparability. Therefore, the data were
preferably chosen from the same period (2016 for
remote sensing and 2010 in case of official statistics)
and comparable resolutions. The common scale of
aggregation for all data was the level of municipali-
ties (1106 municipalities). Some of them have been
excluded from the analysis, as a consequence of
data consistency and data availability. Besides, the
urban areas of Flensburg, Kiel, Liibeck and Neumin-
ster have been neglected from the assessment due
to their disparities compared to the rural areas.

The variables were statistically assessed, focussing
on correlation analysis, using the software R. The
target was identifying correlations that indicate
co-dependencies between the investigated varia-
bles. The correlation method used was Spearman’s
rank correlation. The correlation analysis covered
all relevant variables and data sets in a particular
case. These include the already described variables
representing El, ES potentials and flows, while four
types of analysis were performed: one for croplands,
grasslands and forests as a whole, and three more
for the individual land-use classes.

The results in Section 3.3 have been produced with
the CORINE 2012 land cover data, which was used
to sample values for three land-use types: croplands
(non-irrigated arable lands), grasslands (pastures)
and forests. The sampled median values for each
polygon served to construct graphical representa-
tions of temporal developments of the three El in-
dicators exergy capture, biotic water flows and en-
tropy export (Fig. 10). The measured points in time
have been interpolated using third-order polynomial
functions in Excel to enable the identification of sea-
sonal trends (Eq. 9):

y=ax>+bx*+cx+d (9)
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3 Results

The results section is divided into four sub-sections,
where the first one (section 3.1) gives an overall per-
spective of SH via the selected variables in all three
relevant land-use types. The remaining specific sto-
rylines, which are related to the research sub-ques-
tions introduced above: In section 3.2, the focus
lies on the relation between El and ES flows and
potentials in arable lands including the specific role
of silage maize cultivation in SH. Another storyline
(section 3.3) compares the seasonal development
of three selected El variables in croplands and grass-
lands within the three landscape regions of SH.

3.1 General El and ES assessment

In the following section, the spatial distributions of
the assessed El variables and the crop production ES
potentials and flows are presented as maps and are
statistically compared at the municipality level.

3.1.1 Ecological integrity variables

In Figures 3, 4 and 5 the spatial distributions of the
assessed El variable are presented. Their spatial pat-
terns approximately coincide with the borders of the
three main landscape regions. From an integrative
point of view, the central part of the study area -
Geest - received, with some exceptions, lower val-
ues in terms of El compared to the other two regions
(Figure 3 and Figure 4). One exception is exergy cap-
ture, which received highest values in the area of the
Geest. Besides, in terms of NPP, the three regions de-
liver rather similar results. Thus, despite a relatively
high level of photosynthetic potential in the area of
the Geest, the resulting NPP is equivalent to areas
with average exergy capture. The missing piece to
the story seems to be respiration, which also culmi-
nates in the Geest. At first glance, it is evident that a
greater part of the potential photosynthesis, which
takes place in the Geest, is being inefficiently con-
served within the system and is released as entropy.

Further assessed variables, such as biotic water
flows, reduction of nutrient loss and storage capac-
ity, show similar trends according to the spatial dis-
tribution of the main landscape region. Whereby,
the area of the Geest performs the worst (Figure 4).
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Figure 3: El variables in the municipalities of SH in 2016: A) exergy capture (based upon calculated NDVI), B) entropy export (based
upon calculated respiration) and C) net primary production. The lines indicate the borders of the main landscape regions.
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Figure 4: El variables in the municipalities of SH: A) biotic water flows (based upon calculated temperature difference) in 2016, B)
reduction of nutrient loss (based upon nitrate leaching potential) and C) storage capacity (based upon estimated plant residuals)
in 2010. The lines indicate the borders of the main landscape regions.
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The El variable biotic water flows shows a sharp dis-
tinction between the eastern coast with fairly high
values and the western coast with moderate to low
values. Lowest potentials for biotic water flows can
be found in the center of SH, most notably in the
northern part of the Geest.

The storage capacity, the estimated potential to sup-
port soil structure, is considerably low in the Geest
in comparison to the coastal areas, which scored
highest values (Figure 4). Besides storage capacity,
the Geest comprises remarkably poor conditions to
retain nutrients (reduction of nutrient loss, Figure
4). Whereas the area of the Hiigelland features on
average highest potentials concerning the reduction
of nutrient loss.

Another variable, which received high values in the
area of the Geest alongside exergy capture, is abi-
otic heterogeneity (Figure 5). This spatial feature
originates from the historical land management and
distinct land ownerships in the study area, which
caused smaller and more fragmented fields in the
Geest in comparison to the Marsch and Hugelland
areas, which are far more homogeneous.

To sum up, the Geest area is featured by the high-
est photosynthetic potentials and respiration rates
and high abiotic heterogeneity, while all remaining
El variables score lowest compared to the other two
landscape regions. The assessment indicates, that
the Marsch and Hiigelland have a lower level of exer-

9°0.0" 10°0.0¢
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gy capture compared to the Geest, the resulting net
primary production is nevertheless, virtually equal in
all three regions.

3.1.2 Provisioning ecosystem service variables

The spatial distribution of the crop production ES
potential in Schleswig-Holstein (see Figure 6A) was
mapped based on a Bayesian Belief Network (BBN)
shown in Appendix 1 and based upon the soil fertility
of the study area (see Figure 6B). Even though spe-
cific differences arise comparing the two crop pro-
duction ES potential maps, the spatial distribution of
the ES potentials does, in both maps, roughly follow
the geomorphological characteristics of the areas.
The Marsch region is characterized by the highest
ES potentials, followed by the Hiigelland. The lowest
crop production potential can be found in the Geest
area. This spatial pattern is strongly influenced by
soil properties and other abiotic landscape parame-
ters. The sandy and rather infertile soils of the Geest
are featured by lower capacities to retain water and
nutrients, which makes the area less favorable for
agricultural purposes. Within the BBN outcome map,
some red spots with very low potentials for crops are
related to big forests in the South, semi-terrestrial,
artificial lagoon areas at the North Sea coast and the
dune areas on the islands. The spatial pattern of the
crop production ES potential based upon the soil fer-
tility follows the distribution of the three main land-
scape regions more extremely. Contrary to the ES
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———

Abiotic heterogeneity
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Datasources  Sentinel-2 MSI {ESAL
Geobasis DL / BKG (2018),
Base map: Openstraetiian

Compilation 1. Zeleny

Figure 5: El variable abiotic heterogeneity (based upon calculated edge density) in the municipalities of SH in 2016. The lines
indicate the borders of the main landscape regions.
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Figure 6: Crop production ecosystem service: A) Potential derived by BBN assessment (see Appendix Al), B) potential based upon
soil fertility and C) flow based upon agricultural census. The lines indicate the borders of the main landscape regions.
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potentials, the crop production ES flow (Figure 6B),
which is indicated by the actual harvest values in the
municipalities, scores highest in the Geest area. The
Marsch is characterized by medium ES flow values
and the Higelland area exhibits the lowest ES flows.

3.1.3 Statistical interrelations between variables

The correlation analysis between the assessed El
variables and crop production ES potential and flow
support the findings outlined in Fig. 7. There is a sig-
nificant positive relation between the El variables bi-
otic water flows, reduction of nutrient loss, storage
capacity and the crop production ES potential. The
crop production ES flow is positively correlated with
the El variables exergy capture and entropy produc-
tion. On the other hand, the crop production ES flow
and the El parameter exergy capture are negative-
ly related to the other integrity parameters like bi-
otic water flows and reduction of nutrient loss and
the ES potential parameter soil fertility. This means,
that in fact the highest actual crop production and
photosynthesis are taking place in conditions, which
are unfavorable with respect to the soil nutrient and
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water retention potentials as well as fertility. A sec-
ond point worthy of notice is a positive relationship
between the actual crop production and entropy
export. This in general means higher photosynthetic
potentials happen at the cost of significant increas-
es in respiration. Thus, although the flow of the ES
crop production is higher in the area of the Geest,
also the associated respiration of the system is much
higher. Thus, biomass is produced with lower effi-
ciency compared to the Marsch and Hiigelland.

3.2 It’s all about the maize...

The assessment reveals a distinct spatial pattern of
the crop production ES flow (Figure 6B). As described
above, the highest harvest values can be found in
the Geest area. Looking into the information from
the regional statistics (Statistical Agency North 2010)
on the individual crop types, the cultivation of si-
lage maize stands out. Figure 8A presents the spa-
tial distribution of the harvest from silage maize in
the study area. Generally, the same trend presented
in Figure 6B is shown. The regional pattern is even
more distinct with no or very low production of si-

Correlation analysis of El and ES parameters in croplands, grasslands and forests
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Figure 7: Correlation table presenting the statistical correlations between the selected El and ES variables. The remote sensing data

sets were sampled for the three major land-use types: croplands (non-irrigated arable lands), grasslands (pastures) and forests.

A Pearson’s correlation was performed for: 1) Crop production ES potential (BBN approach), 2) Soil fertility ES potential 3) crop

production ES flow (as actual yield) 4) Silage maize production (part of ES flow) 5) El variable reduction of nutrient loss (as nitrate

leaching potential), 6) El variable storage capacity (as residual biomass), 7) Nitrogen surplus, 8) El variable exergy capture (as NDVI),

9) El variable abiotic heterogeneity (as edge density),10) El variable biotic water flows (as temperature difference), 11) El variable
entropy export (as respiration), 12) Net primary production and 13) Gross primary production.
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Figure 8: Silage maize harvest (a) and estimated nitrogen surplus (b) in the municipalities of SH in 2010. The lines indicate borders
of the main landscape regions.

lage maize in the areas of the Hiigelland and Marsch,
and very high (up to 75 dt/(ha*a) and more) harvest
values in the Geest area.

The development of the silage maize cultivation in
SH can be divided into two main steps. Generally,
due to the relatively infertile soils in the Geest, the
area has historically been relatively strongly used for
livestock production, accompanied by pastures. The
cultivation of pastures as fodder for the livestock has
been supplemented with silage maize cultivation
since the 1960s. The second step in the development
of the silage maize cultivation evolved at the turn of
the millennium and is related to the production of
bioenergy. In 2004, the Renewable Energy Act pro-
vided strong incentives for farmers to install biogas
plants (Appel et al. 2016). Amongst others, feed-in
tariffs have been granted for a period of 20 years.
Since then, the cultivation of silage maize increased

strongly (Appel et al. 2016). In particular, the areas,
which have already had experience with silage maize
intensified the cultivation. Therefore, the observed
strong regional differentiation arose. The regional
pattern of the installed biogas plants in the study ar-
eas is in line with the spatial distribution of the har-
vest pattern of the silage maize (Figure 8A).

Comparing these findings to the estimated nitro-
gen surplus (in kg N/(ha*a)) on agricultural grounds
(Bicking et al. 2018), the following can be stated:
Generally, the areas with high maize production are
featured with high nitrogen surpluses. In combina-
tion with the assessed El variable reduction of nutri-
ent loss (Figure 4B) a serious picture arises, as these
areas exhibit a very low potential for the reduction
of nutrient loss. In order to confirm these findings,
a correlation analysis has been performed for rel-
evant variables (Figure 9). As this analysis focuses
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on the silage maize cultivation, all data sets based
upon remote sensing have been sampled for crop-
lands (non-irrigated arable land) prior to the assess-
ment. Generally, there is a strong positive correla-
tion between the silage maize harvest and the total
harvest (crop production ES flow) in the study area.
This is not surprising as silage maize, with an average
harvest of around 337 dt/(ha*a) (Statistical Agen-
cy North 2010), made up a large share of the total
harvest in 2010 in SH. Further positive correlations
have been found between the silage maize harvest
and the El variables exergy capture, entropy export
and the nutrient surplus. Negative correlations arise
between the maize harvest on the one side and the
El variables biotic water flows, reduction of nutrient
loss and storage capacity on the other (Figure 9).
The silage maize production does not correlate with
the crop production ES potential, obtained from the
BBN, but it shows a strong negative correlation with
the ES potential parameter soil fertility. Thus, silage
maize is often cultivated on infertile soils, which ex-
plains the negative correlation between the ES flow
and soil fertility to some extent.
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3.3 Grass or Grain?

Differences in the three main landscape regions can
be assessed in more detail by looking at the tempo-
ral developments throughout the vegetation period.
The climax of the silage maize cultivation in the area
of the Geest takes part in later periods of summer
2016 compared to the other crop types. Thisinstance
produces the most significant difference in Figure 10
- in March and June, the croplands in the Geest area
seem to be unvegetated as the maize plants are still
very small and cannot totally cover the soil surface
with foliage. During this time, Marsch and Hiigelland
are peaking in NDVI, which reflects the physiological
state of the cereal that is predominantly cultivated
in these regions. The respective cereal plantations
are already harvested in June or July. By that time,
maize is peaking in the Geest region. When NDVI
values are summed up across the different seasons,
the Geest region surpasses Higelland and Marsch,
possibly due to the vegetation period of maize cul-
tivation extending into the late summer (Figure 10).

Correlation analysis of El and ES parameters in croplands

1) ES pOtenﬁal (soil fertility)

2) ES potential (ggy, =f,{.«i'

3) ES flow

1) 2) 3) 4) 5) 6) 7) i s(8)1‘ i 9) . Iunqum‘)‘7 N 11) . ‘}WZJM . 13)
P e
M I I (N | IS | N | | AN | |
".-.:LﬂrnilJbBSJ**’ﬂ se J| [ o [ oser |[ o [[ o [[ o || - [ e
j . HIDMY ‘ -0.50 H || 0.50*** H 0.58**

4) Silage maize production .

5) Reduction of nutrient loss

E

H -0.66*** || 0.54*** H -0.58*** H -0.53*** H H 0447

6) Storage capacity £1 i

033" ‘ ‘ 034 ‘ ‘ 0407 | ‘

7) Nitrogen surplus
8) Exergy capture

9) Abiotic heterogeneity

- |
|
-}t
’ 0500 H 048" H 045+ H H e |
- b
-]
- b

e s =

0.63***

‘ ’ 058+

H 0.63* Eg
8

10) Biotic water flows

me o |[are
o ’061," H - ][ ose |

11) Entropy export

12) Net primary production EppY

HWH*‘*

"u\\wuw =

13) Gross primary production

O ’D’;j Ll S

\ -

Figure 9: Correlation table presenting the statistical correlations between selected El and ES variables. The remote sensing data
sets were sampled in croplands only. A Pearson’s correlation was performed for: 1) Crop production ES potential (BBN approach),

2) Soil fertility ES potential 3) crop production ES flow (as actual yield)

4) Silage maize production (part of ES flow) 5) El variable

reduction of nutrient loss (as nitrate leaching potential), 6) El variable storage capacity (as residual biomass), 7) Nitrogen surplus,

8) El variable exergy capture (as NDVI), 9) El variable abiotic heterogeneity (as edge density),10) El variable biotic water flows

(as temperature difference), 11) El variable entropy export (as respiration), 12) Net primary production and 13) Gross primary
production.
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B: Grasslands NDVI in 2016

F: Grasslands respiration in 2016

GEEST =@ MARSCH

Figure 10: Performances of selected El variables in arable lands (non-irrigated arable land) and grasslands (pasture) in the three

main landscape regions Hiigelland, Geest and Marsch throughout the year in 2016: A) Exergy capture (NDVI) in arable lands, B)

exergy capture (NDVI) in grasslands, C) biotic water flows (TD - temperature differences) in arable lands, D) biotic water flows

(TD - temperature differences) in grasslands, E) entropy export (respiration) in arable lands and F) entropy export (respiration) in

grasslands. The points correspond to the actual data assessed by means of remote sensing. The curves correspond to a predicted

trend line from each point data set, using a polynomial function calculation (x3; third level). Analogical analysis were performed in
forests, but since the curves were virtually identical to grasslands curve, they were not included in the figure.

Based on the correlation analysis performed for
the selected variables in arable lands, the higher
aggregated NDVI values in Geest can be related to
higher gross primary production (GPP), rather than
production itself (GPP and NDVI correlation value =
0.58). Net primary production (NPP), a value used
to represent the energy embodied in biomass, does
not differ significantly for any of the natural regions.
Thus, higher exergy capture does not automatically

mean more production, when this trend is bound to
significantly increased levels of respiration (Figure
10E & F).

We assume that arable lands utilize solar energy
more efficiently in Higelland and Marsch as the El
indicator values such as biotic water flows are much
higher in these regions (Figure 3 and 4). These re-
sults are linked to lower intensities of evapotran-
spiration by vegetation and thus, lower volumes of
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water transported. These distributions relate to low-
er metabolic rates and ecosystem efficiencies in the
Geest. The results are consistent with the regional
diverging soil properties for each of the three major
land-use types in SH (Taube et al. 2015, Stewig 1982;
Bahr and Kortum 1987). This can partly be an effect
of the poor, sandy soils in the Geest, incapable of
holding moisture. The biotic water flows of arable
lands in Geest are significantly lower compared to
the other regions but also compared to other land
use types such as pastures and forests within the
area of the Geest (Figure 10C & D).

4 Discussion

The results of the presented assessment offer sever-
al lines of potential interpretation, which we explore
as: the general interplay between the assessed var-
iables, the focus on silage maize cultivation in the
Geest, a comparison between the performance of
croplands, grasslands and forests including an over-
all comparison of the three landscape regions with
a wide selection of variables. An outstanding per-
spective for the assessment of El alongside ES is the
potential to deliver guidance to a more efficient type
of management, possibly leaning towards sustain-
ability. The findings of this study indicate a spatial
mismatch between the intensive crop production
(ES flow) on the one hand and the ES potential as
well as El on the other. The goal is to give as rich
explanation of this obvious paradox as our data and
methods allow.

4.1 The paradox of crop production

One part of the statistical processing was the com-
parison between the three major land use types, rel-
evant for the study area: arable lands (non-irrigated
arable land), pastures and forests. All tested varia-
bles were correlated much stronger in arable lands
compared to grasslands (see Figure 7 and 9) and for-
ests (Appendix 3 and 4). These include the integrity
variables, mainly biotic water flows, reduction of nu-
trient loss and storage capacity, which are positively
related and stand in opposition to exergy capture,
entropy export and the ES flow crop production. It
is noticeable, that a strong positive correlation be-
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tween production and exergy capture is present, but
seems to be decreasing in grasslands, and is virtually
gone in forests (see Appendix 3 and 4). We thus sup-
port the assumption, that as anthropogenic influ-
ences decrease in ecosystems, which are used less
intensively like pastures and forests, also the decou-
pling between production and El is reduced (Rous-
seau et al. 2013; Tully and Ryals 2017). Thus, the
three land-use types are representatives of a single
gradient: On one side, production in arable lands is
done at the expense of El, while on the other, forests
provide wood but also harbor the highest El. This is
a challenge with respect to the hypothesis, that El
and ES are positively related as we have found the
opposite trend in arable lands.

Here, we would like to stress the importance of hu-
man inputs, which are not comprehensively inte-
grated into the EI/ES causal chain. Conventional ag-
riculture has brought remarkable increases in yields
at severe environmental costs, which can make the
achievements unsustainable in the long run (Tully
and Ryals 2017; Isbell et al. 2015). Luckily, there is
a rich body of evidence that alternative agricultural
practice exist which are both productive and envi-
ronmentally beneficial. Such practices comprise in-
tercropping, cover cropping, integrating livestock,
organic matter amendments, conservation tillage
and most notably, agroforestry (FAO 2005; Pelosi
et al. 2014; for a review, see Tully and Ryals 2017).
Torralba et al. (2016) conclude, that structurally and
functionally more complex systems then crop- or
tree-based systems exhibit tighter coupling of nutri-
ent cycles, organic matter, water retention and bio-
diversity, while not necessarily compromising com-
mercially perspective productivity.

4.2 Is the recent agriculture in Geest suitable?

The relatively high respiration rates in the area of the
Geest indicates a lower potential to convert solar en-
ergy into enduring biomass compared to Higelland
and Marsch. Thus, in order to maintain equivalent
NPP across SH, the area produces approximately %
more entropy along the way, compared to the rest
of the study area. This result indicates that consider-
ably higher energetic costs are associated with plant
production in Geest, which potentially reduces the
overall agricultural efficiency. The NPP/respiration
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ratio, therefore, serves as a measure of production
efficiency, indicating lower performance in Geest,
despite higher production. Besides high respiration
rates, the Geest area also exhibits the highest po-
tential to lose nutrients due to unfavorable soil con-
ditions. Sandy soils contribute heavily to the over-
all low capacity to maintain nutrients (Taube et al.
2015); combined with low amounts of residual bi-
omass (storage capacity), the soil is not suited for
holding soluble nutrients and they are leached into
the groundwater (Tully and Ryals 2017; Taube et al.
2015). Based on the results, we conclude that the
production in Geest is accompanied by heavy overall
waste production, mainly in the form of metabol-
ic heat and nutrient surpluses. This discussion can
provide arguments for the evaluation of the benefits
and costs of conventional agricultural production in
unproductive areas, but also production in environ-
mentally unfavorable conditions in general.

4.3 Uncertainties and limitations

The main feature of this paper is the attempt to il-
lustrate socio-ecological interrelations on the base
of the spatial patterns of respective environmental
indicators. Besides some interesting outcomes, this
concept is also linked with several sources of un-
certainties, which create insecurities related to the
evidence of the complex results. Such methodolog-
ical sources of vagueness, inexactness and failures
have been discussed in several books and papers.
Concerning the working steps of this article, uncer-
tainties due to remote sensing and GIS procedures
have been described e.g. by Alexander et al. (2017),
Foody and Atkinson (2003), Hunaker et al. (2013),
Lu (2006), Shao and Wu (2008), Stritih et al. (2019)
or Woodcock (2002). In this study, the availability of
cloud-free images covering the whole extent of the
study area and their irregularity within the reference
year have been prominent issues. Through gaps in
the remote sensing data sets during the peak vege-
tation period, important plant dynamics may remain
unconsidered which could lead to inconsistencies
in the results. Our solution was the combination of
multiple data sources to cover for these gaps (de-
scribed in detail in section 2.2.1). Although we have
given some suggestions about the state of the three
main landscape regions of SH, the assessment of
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their El is only relative, given the conditions of the
study area. The contemporary agricultural practices
are almost exclusively based upon spending resourc-
es to diminish El. Thus, although our results indi-
cate “better” conditions on agricultural grounds in
Marsch and Hugelland in comparison to the Geest
area, this does not mean farming is done optimal-
ly or sustainably there. An issue is that there are no
references to the optimal landscape regions’ specific
potentials and thus sustainable agricultural produc-
tion systems, in which provision of crops is fully in
line with El.

Besides the above-mentioned issues, Schulp et al.
(2014) are discussing some further sources for inse-
cure analyses. For instance:

* the uncertain definition of the El and ES indicators
might not be consistent,

* the potentially biased selection of the most rele-
vant indicators influences parameter comparabil-

ity,

+ the failures and inaccuracies of the data sources
themselves can be enormous.

Besides these relatively concrete items, Hou et al.
(2013) have discussed a long list of sources for un-
certainties in spatial ES and El applications. Some
additional points are:

* uncertainties due to ecosystem and landscape
dynamics (e.g. uncertain dynamics of land-use or
climate, temporal shifts incomparable data sets),

* uncertainties due to landscape analytical meth-
ods (e.g. heterogeneities, classification ambiguity,
non-checked accordance of satellite images and
ground truth, inexactness appearing due to image
processing and interpretation analyses, potential
inaccuracies within delivering institutions such as
EEA, ESA, NASA or USGS),

* uncertainties due to incompatible indicator — in-
dicandum relations (e.g. chosen empirical pa-
rameters from regional analyses do not always
completely comply with the selected indicators,
semi-suitable target values),

* uncertainties due to technical problems (e.g.
methodological weaknesses, de-compatibilities of
methods, data scarcity),
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* uncertainties due to insufficient parameter in-
clusion (e.g. concentrating on land cover without
considering soils, elevations, land use intensities,
etc.),

The high amount of potential uncertainties also
demonstrates that there is still a lot of work neces-
sary to continue developing the described ecosystem
service assessment conceptions and techniques. Re-
lated to the described approaches, focal future im-
provements to reduce the insecurities could be:

* completion of the spatial integrity indicator set
by including e.g. biotic heterogeneity, vegetation
transpiration and/or standing biomass.

+ employment of more advanced remote sensingin-
struments with higher spatial and temporal reso-
lution and the employment of more sophisticated
spatial algorithms to assess the El of a landscape.

* addition of economic features to calculate the
costs and benefits associated with the ES flows in
SH.

+ consideration of a wider range and higher reso-
lution of spatial data comprising abiotic factors
such as elevation, local climate, precipitation or
soil type.

* inclusion of finer data quantifying the balance of
anthropogenic inputs and outputs such as nutri-
ents, organic matter and pesticides.

* development of the method of data aggregation
for an improved statistical explanation of the in-
teractions between the respective indicators.

* setting a reference point to demonstrate the dif-
ference in the current El of SH and the , optimal”
and/or ,natural” potential.

* verification of the indicators by application of
ground-truth testing using analogical instruments.

5 Conclusions

This study contributes to the theoretical assessment
of the relation between El and the provision of ES. Ad-
ditionally, the assessment also has a strong applied
focus on land management and agricultural practic-
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es. Besides, the assessment reveals the strengths,
scopes and limitations of the different methodolog-
ical approaches. Striving for comprehensive ecosys-
tem assessments, different approaches have been
combined in order to increase the informative value
of the analysis. Summing up the knowledge obtained
from the study, the research questions are revised
and answered accordingly:

|. Does the spatial distribution of the assessed El
variables reveal a distinct regional pattern?

Yes, generally the assessed El variables can be di-
vided into two different groups with reference to
their spatial pattern.

a. The El variables which have a strong relation
to the production of biomass show the highest
values in the area of the Geest. This is the case
for the El variables entropy export and exergy
capture. The landscape regions Higelland and
Marsch are characterized by lower values for
both of these El variables.

b. The spatial assessment of the El variables
which indicate the functionality of the ecosys-
tem apart from biomass production indicated
a reversed regional pattern. The area of the
Geest is featured by the lowest values for the
El variables reduction of nutrient loss, biotic
water flows and storage capacity. The assess-
ment reveals that both, the Higelland and
Marsch, deliver higher El with respect to these
variables.

II. Does the spatial distribution of the ES crop pro-
duction reveal a distinct regional pattern?

Yes, the assessment of the crop production iden-
tifies the Hugelland and Marsch as the regions
with the highest ES potentials. In contrast to that,
these areas are characterized by rather low ES
flow values. Highest values for actual crop pro-
duction (ES flow) can be found in the Geest area,
which manifested the lowest ES potentials.

. What is the relation between the assessed El var-
iables and the crop production ES potential and
flow?

The crop production ES potential is strongly re-
lated to the spatial distribution of the El variables
reduction of nutrient loss, storage capacity and
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biotic water flows. Nevertheless, this spatial pat-
tern is contrary to the regional distribution of the
ES flow in terms of actual harvest. The assessment
revealed a strong positive correlation between
the crop production ES flow and the El variables,
which are strongly related to biomass production,
i.e. exergy capture and entropy export. Thus, this
study shows a detachment of intensive agricul-
tural production from the fundamental ecological
functions.

IV. How does the EI/ES relation manifest in crop-
lands, grasslands and forests in the three land-
scape regions of SH?

The correlation analysis revealed that the ES flow
is negatively related to the ES potential and the
underlying El. In simple terms, intensive con-
ventional agricultural production in SH is clearly
traded-off against the underlying El. Contrary to
all expectations, crop production and exergy cap-
ture, representing the potential photosynthesis,
are highest in areas with the lowest ES potentials,
namely in the area of the Geest. The revealed
negative relation between the ES flow, El and ES
potential in croplands is diminishing in grasslands
and non-existent in forests.

V. Does the temporal distribution of the assessed El
variables show a distinct regional pattern in crop-
lands, grasslands and forests?

In terms of exergy capture, the Geest region is
reflecting the fact, that the silage maize cultiva-
tion peaks in a much later period in the year than
the dominant crop types produced in Marsch and
Hiigelland. The photosynthetic potential of maize
production in SH is, however, not accompanied by
a significant increase in El. A comparison, based
upon the temporal development in grasslands
(and forests), demonstrates that these land-use
types can to a large degree cope with rather low
ES potentials, maintaining integrity and produc-
tivity similar to regions with higher ES potentials,
in our case the Marsch and the Hiigelland. This
leads us to the conclusion, that management
types like grasslands and forests are far better
suited in areas that are featured by low ES poten-
tials then short-spanned intensive cultivation of
annual crops.
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Using landscape-scale measures and combining
methods has yielded evidence suitable for testing
theoretical presuppositions present in contempo-
rary scientific discourse. These included the notion
of El being the foundation for ES provision, yet our
results indicate an opposite trend where agricultural
production is clearly traded-off against El as a conse-
quence of agriculture de-coupling from natural site
conditions.

The inverse relation between integrity and service
provision and the accompanying costs give us evi-
dence of unsustainability of a production regime, in
which costs are likely to exceed the benefits. The po-
litical agenda on energy production from biomass,
more precisely the financial incentives for biogas
production, which aimed at increasing the sustain-
ability of the energy sector came with unexpected
unsustainable side effects. Overall, the lower natural
productivity in the Geest should result in larger ar-
eas covered by pastures or forests, which perform
far better concerning most El indicators. We would
also like to argue for a paradigm shift towards novel
management of production systems based on high
El and self-organization (e.g. agroforestry), gener-
ating multiple co-benefits (ES), and which are the
opposite of conventional agricultural methods. Such
an improved environmental system will also be cor-
related with a strong overall rise of comprehensive
ecosystem service bundles.
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Appendix 1: Bayesian Belief Network assessing crop production potential in Schleswig-Holstein state.
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Appendix 2. The description of environmental, fertilizer and crop data as input data for the developed Bayesian Belief Network.

No.

Variable

Source

Available values

Land use and cover
(LULC)

The CORINE Land Cover (CLC) inventory
provided by Copernicus Land Monitoring
Service 2 with resolution of 100m

33 types from CORINE LULC

municipalities

2 | Soil Landesamt fur Landwirtschaft, Umwelt Include soil properties about field capacity,
und landliche Raume (LLUR, eng.: State | nutrient availability and soil moisture in detail for
Agency for Agriculture, the Environment | whole region
and Rural Areas) * at scale of 1 : 250 000
Geology LLUR 32 at scale of 1 : 250 000 Include stratigraphy in detail (more than 30 types)
4 | Erosion by wind LLUR 2 at scale of 1 : 250 000 For whole region, including 9 classes (0-5
representing from “no” to “very high” risk; 6 =
dike; 7= tidal flat, 8= urban area, 9=waterbodies)
5 | Erosion by water LLUR 3 at scale of 1 : 250 000 For whole region, including 9 classes (0-5
representing from “no” to “very high” risk; 6 =
dike; 7= tidal flat, 8= urban area, 9=waterbodies)
6 | Nitrate leaching potential | LLUR 3 at scale of 1 : 250 000 5 classes from “very low” to “very high”
7 | Temperature Downloaded from WorldClim * website Monthly, In average (Unit: degree Celsius)
8 | Wind speed - Free global climate data (period of Monthly, In average (Unit: m/s)
1960-1990) with resolution of 1 km2 -
9 | Water vapor pressure Monthly, In average (Unit: kPa)
10 | Precipitation Monthly, In average (Unit: mm)
11 | Solar radiation Monthly, In average (Unit: kJ m-2 day-1)
12 | Crop types Statistical reports, on the scale of 9 crop types (including barley, oat, potatoes, rye

meslin, silage maize, sugar, triticale, winter canola
and winter wheat)

2 https://land.copernicus.eu/
3 http://www.umweltdaten.landsh.de/
4 http://www.worldclim.org/

Landscape Online — supported by the International Association for Landscape Ecology and its community



Zeleny et al. Landscape Online 79 (2020) - Page 36

5) 7) 8) 9) 10) 11)

0 1500 200 2500 w00 Z200 2
L P L . .
1) ES potential ‘ ‘ ‘ | ‘ | | ‘ 0287 | ‘ E;
R
2) Reduction
. ¢ 035 oz 0400
of nutrient loss

3) Storage capacity ‘ ‘ azie ‘ | ‘ | e | ‘ | ‘ 0.34™ E;

4) Nutrient surplus ‘ ‘ 039" ‘ | ‘ | 025 I ‘ | ‘ 0.41* ‘
5} Grass production it ‘ ‘ 039 ‘ | ‘ | 0.39""" | ‘ | ‘ 0.4 E?
R °

T 0 I

7) Biotic water

e ."-Wf? ‘Hﬁ» | M | R i, :
— i | TRl TRy HMHWL&J L -]
Sy - (- (W] e | e mem
o (W o e || |
- 0 SN

i | o
Appendix 3: Correlation table presenting the statistical correlations between selected ecological integrity and ecosystem service
variables. The remote sensing data sets were sampled in grasslands. A Pearson’s correlation was performed for: 1) Crop production
ES potential (BBN approach), 2) El variable reduction of nutrient loss (as nitrate leaching potential), 3) El variable storage capacity
(as residual biomass), 4) estimated nitrogen surplus (Bicking et al. 2018), 5) grass production (as grass yield), 6) El variable exergy
capture (as NDVI), 7) El variable biotic water flows (as temperature difference) and 8) Abiotic heterogeneity (as edge density), 9)
Gross primary production, 10) Net primary production and 11) El variable entropy export (as respiration).
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Appendix 4: Correlation table presenting the statistical correlations between selected ecological integrity and ecosystem service

variables. The remote sensing data sets were sampled in forests. A Pearson’s correlation was performed for: 1) Crop production

ES potential (BBN approach), 2) El variable reduction of nutrient loss (as nitrate leaching potential), 3) Wood production (as

timber growth), 4) El variable exergy capture (as NDVI), 5) El variable biotic water flows (as temperature difference), 6) Abiotic

heterogeneity (as edge density), 7) Gross primary production, 8) Net primary production and 9) El variable entropy export (as
respiration).
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1. Introduction

Looking into the popular accounting lists of scientific studies and
papers, one of the most successful concepts of the last decades in en-
vironmental management is the approach of ecosystem services. These
contributions of ecosystem functions and structures to human wellbeing
(Burkhard et al., 2010) attractively provide convincing arguments for
choosing sustainable pathways in decision making processes (MEA,
2005; Martinez-Harms et al., 2015; Daily et al., 2009; Kumar, 2012;
Portman, 2013; Ruckelshaus et al., 2015). Therefore they are efficient
and conclusive causes of motivations for nature protection (de Groot
et al., 2010; Costanza et al., 2017). Furthermore, the assessment of
provisions, regulations and cultural impressions seems to be a chal-
lenging aggregation strategy for ecosystem-based concepts of environ-
mental analysis (Kandziora, 2013; Grunewald et al., 2015). Conse-
quently, a highly motivated community of scientists in the fields of e.g.
economy, ecology, social sciences, geography, and philosophy has ac-
tively participated in the increase of ecosystem service sciences
throughout the last years (Costanza et al., 2017; Gémez-Baggethun
et al., 2010). Furthermore, the idea has convinced politicians and de-
cision makers, mainly on international levels (e.g., TEEB, 2009;
European Union, 2011; Boykin et al., 2013; IPBES, 2018), thus the
foundation of international panels and strategies has been strongly
pushed forward during the last years. Summarizing, we can say, “yes“—
the ecosystem service approach has been extremely successful in the
scientific surroundings.

But what about applications? One of the most significant backlogs of
the young ecosystem service approach is the lack of implementations in
practice. And - enfolding this context - one of the most significant
disadvantages of serious ecosystem service assessments is the en-
ormously high complexity which the user has to cope with: For a
consequent systems-based assessment it is necessary to analyse several
different ecosystem service classes (Potschin and Haines-Young, 2016;
Dittrich et al., 2017; Mouchet et al., 2017; Meynhardt et al., 2016), thus
one needs several indicators, which must be assigned to several va-
luation systems or philosophies (Miiller and Burkhard, 2012); and for
all of these service types, special methodologies are suggested in the
literature (Potschin-Young, 2018; Egoh et al., 2007; Santos-Martin
et al., 2018) and the internet (e.g. project web pages like OPPLA’,
OPERAs?, ESMERALDA®, ESP*), enfolding a seemingly endless amount
of approaches, expenditures, calculations, demands for manpower with
high information degrees and appraisals. Therefore, one rarely can find
bundling applications of the ecosystem service approach, e.g. at the
local or municipality levels in environmental management. However,
some first bottom-up studies that modified the matrix based ecosystem
service assessment proved the interest of practice and revealed which
criteria in the assessment are relevant to make it acceptable, trans-
parent and reliable for decision makers (Arnold et al., 2018; Gorn et al.,
2018; Spyra et al., 2018).

In this gradient position between the challenging potential to pro-
vide interesting and important information for problem solving at the
one side, and a hardly workable complexity on the other, a methodo-
logical compromise might help: Instead of linking complicated equation
systems, coupling multiple statistical outcomes or measuring sophisti-
cated environmental parameters in long-term endeavours, the target of
an aggregated and generalized information system can be followed,
leading to a manageable instrument for applied ecosystem service as-
sessments, especially in exploring alternatives or comparing scenarios.
In order to do so, one has to be aware that the related uncertainty of
that tool, which cannot provide the exactness of e.g. complex

! https://oppla.eu/

2 http://www.operas-project.eu/

3 http://www.esmeralda-project.eu/
4 https://www.es-partnership.org/
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measuring campaigns, will be discussed devotedly. But for the pre-
paration of decisions, for getting a first impression and for taking into
account the often demanded holistic bundles of services and state
variables (Dittrich et al., 2017), a generalizing approach can be found
as the only solution. Thus, there is a need for robust and scientifically
sound methods for ES assessments (Harrison et al., 2017; Campagne
and Roche, 2018) which are understandable and supported by the end-
users, which are not excessively time consuming in application and
which can help solving the urgency — uncertainty dilemma of ecosystem
service assessments. These approaches are especially suitable if sources
of data are scarce because then expert knowledge can be very helpful
(Schulp et al., 2014, Jacobs et al., 2015).

Several authors (e.g. Burkhard and Maes, 2017; Grét-Regamey
et al., 2015, 2018), who have realized these strategic trade-offs, are
using the concept of tiers, as “a classification of available methods ac-
cording to the level of detail and complexity with the aim of providing
advice on method choice.” (Burkhard and Maes, 2017, pp. 371). Gret-
Regamey et al. (2018) distinguish three tiers, which include different
mapping approaches, comprising of look-up tables, expert knowledge,
causal relationships, extrapolation of primary data, regression and
systems models. The approaches can be distinguished due to their in-
creasing functional complexity, the data demand, data quality and the
complexity of the methods. Tier 1, mostly based on land cover and land
use information, is suitable for the provision of an overview, tier 2
should be applied if process-understanding is necessary and tier 3
should be used if explicit measures and the output of biophysical pro-
cess models are needed. Furthermore, the suitability of approaches is
influenced by the spatio-temporal working scale and the possible ex-
penditure. Therefore, many applied solutions must be assigned to tiers 1
or 2. Also, while applying the following methodology, we are working
in a range between tier 1 and tier 2.

Within these conditions and constraints, we have developed an
upgraded new ecosystem service matrix approach which is based on the
expertise of several colleagues and quantitative applications, assigned
to higher, empirical or model-based tier classes. It provides an ad-
vanced guideline of the “Kiel matrix approach” to better integrate the
ecosystem service concept into modern decision-making processes. We
are building upon the methodologies which have been generally de-
scribed in different papers (e.g. Burkhard et al., 2009, 2012, 2014,
Nedkov and Burkhard, 2012; Kandziora, 2013; Jacobs et al., 2015), by
local and regional case studies (e.g. Bicking et al., 2018; Dang et al.,
2018a, 2018b; Hou et al., 2018; Kopperoinen et al., 2014; Koschke
et al., 2012; Kroll et al., 2012; Ma et al., 2018; Stoll et al., 2015; Wangai
et al.,, 2017, 2019; Rova et al., 2015; Vihervaara et al., 2012) and by
several theses that have applied the ecosystem service matrix’. Re-
cently, some new concepts and proposals have been published which
concentrate on the methodologies of expert derived ecosystem service
assessment matrixes (e.g. Hou et al., 2013; Schulp et al. 2014,
Campagne et al. 2017, Campagne and Roche 2018, Gorn et al. 2018).
Their outcomes and the respective demands will be discussed in the
forthcoming text.

For this paper, the reliable matrix concept which was initiated in
2009, has been updated in context with the research projects BACOSA II
(Baltic Coastal System Analysis and Status Evaluation)® and SECOS II
(The Service of Sediments in German Coastal Seas)’, in order to assess
and map ecosystem service provisions for the terrestrial, semi-terres-
trial and marine ecosystems of the Baltic Sea around the German coast.
The resulting assessment scheme should therefore be comprehended as
a general guideline (not a fixed “computational regulation”) which has

5 See e.g http://www.ecosystem-management.uni-kiel.de/de/studium/absch-
lussarbeiten)

SSee e.g. https://www.oekologie.uni-rostock.de/forschung/aktuelle-proje-
kte/bacosa-ii/

7 See e.g. https://www.io-warnemuende.de/project/30/secos.html
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been optimized to fit the conditions of regional Northern German
ecosystem complexes and which is mainly basing upon the ecosystem
distinctions of the European CORINE land cover system®. Furthermore,
the utilized classification of ecosystem services is basing upon the pa-
pers of Burkhard et al. (2014) and Kandziora (2013). It additionally
includes the attributes of ecosystem integrity as proposed by Miiller
(2005) as well as Miiller and Burkhard (2010, 2012) in order to in-
tegrate information on the ecosystem state for application purposes.
Due to the described demands, the modifications compared to e.g.
Burkhard et al. (2014) are mainly referring to the following points:

e New ecosystem and landscape types have been integrated.

® Coastal ecosystems and coastal infrastructures have been enclosed.

e Seascape units have been added.

e Attributes of ecosystem integrity have been re-arranged and added
to indicate ecosystem conditions.

® The scoring system has been adapted.

The expert check has been intensified.

The possibility to quickly derive locally adapted versions has been

increased.

e Indications of uncertainties have been implemented.

Consequently, the central objectives of this article are:

e to inform colleagues and stakeholders about the advanced assess-
ment matrix as a quick and practical management tool,

® to present advantages, problems, applications and challenges of the
approach, and

e to provide an updated discussion basis for the improvement and
further development of the matrix tool. Therefore, this doc-
umentation in focus is directed towards a feed back from the reader,
demonstrating the recent stage of a continuous developmental
process.

The respective focal research questions can be formulated as fol-
lows:

e Does it make sense to construct an applicable table of potential
human utilities provided by different ecosystem types as a tool in
sustainability management?

e How high is the inherent uncertainty of such an approach and does
the advantage of bundling a comprehensive set of knowledge pre-
dominate the potential inexactness of the assessment?

e Which steps have to be taken to improve the presented ecosystem
service - probability table?

The subsequent text consists of a description of the applied meth-
odological steps for the development of the assessment system. The
material and methods section is followed by a specification of the out-
coming prototype and its applicability as a focus of the results. Here, the
different ecosystem types are compared as well as the different eco-
system service groups. Applications are discussed, and the nexus to-
wards ecosystem service mapping and potentials to illustrate the out-
comes is described thereafter. In the discussions uncertainties and
critical points, developmental questions and special challenges are de-
bated as well as case studies, which demonstrate the applicability of the
concept. The paper ends with conclusions and extended acknowl-
edgements to the supporters and experts who have assisted the con-
struction of the introduced matrix. The tool itself can be downloaded as
part of the attachments together with a comprehensive set of illustrative
figures of ecosystem service profiles.

8See e.g. https://www.eea.europa.eu/publications/COR0-landcover
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2. Materials and methods

The proposed matrix is mainly based on the permanent develop-
ment of the approach after the start in the year 2009. There have been
several problems detected since then, which are partially solved in the
new approach. This improvement has also become possible because of a
high number of regional applications and several technical linkages
with other approaches. For example, there has been an integration of
new methodologies, e.g. by utilizing Bayesian Belief Networks (e.g.
Dang et al., 2018a), fuzzy set approaches and self-learning machines
(e.g. Dang et al., 2018b), statistical procedures (e.g. Bicking et al.,
2018; Zeleny et al., subm.), INVEST models (Daily et al., 2009)°, ap-
plications of the GISCAME platform (e.g. Fiirst et al., 2013; Frank et al.,
2015; Arnold et al.,, 2018) and remote sensing techniques (e.g.
Kandziora and Dornhofer, 2014), and multiple activations of other
tools.

To describe the general procedure of matrix development, we can
follow the actually published matrix methodology steps after Campagne
and Roche (2018). They are listed in Table 1, where at the right side
(second column) the actual implementation of the proposed methodo-
logical sequence (left side and first column) is documented. As several
steps have been distributed over rather long time spans, some of the
youngest steps shall be explained shortly:

® Expert panel selection (step 1 a-c in Table 1): Since 2009, several
expert groups and individuals have been providing critical state-
ments on the matrix approach. For the final check of the presented
matrix, the time steps are listed as step 4 in Table 1. In 2016, an
internal working group was founded (which mainly consisted of the
authors with a (former or current) affiliation at the University of
Kiel). This group has developed the transformation from the old
matrix values into the new forms and scores and proposed eco-
system service potentials for the new ecosystem types. The group
also proposed the names of potential experts. The outcome of the
internal group discussions was then sent to 110 external colleagues.

® Scoring methodology elaboration (step 1 d): Throughout several ap-
plications, it became obvious that the old scoring system (values
between 0 and 5) signalizes a realistic selectivity and intensively
demonstrates the qualitative character and the high uncertainty of
the suggested probability values. But problems were arising when
high values (e.g. 5) had to be enhanced, e.g. in developmental
scenarios. Also, when similar land use units had to be compared, the
scoring system could not be applied meaningfully because the span
of values was too small. Therefore, it was proposed to set the scores
between 0 and 100 points, similar to the modelling system
GISCAME'? (see e.g. Frank et al., 2015; Fiirst et al., 2016).

o Initial matrix creation (step 3.a): This step was carried out by the
authors located in Kiel (s.a.) throughout a sequence of intensive
meetings and workshops.

o Filling in the matrix and expert consultations (step 4.b): The youngest
expert consultations were carried out during the spring seasons of
2017 and 2018. Additionally to the experts commenting on the
matrix before 2017 (see acknowledgements), 110 colleagues were
asked for expert judgements on the proposed matrix. They were
asked to check the total concept and to comment especially on those
ecosystem types or service groups connected to their expertise. The
feedback rates from the last survey reached a surprisingly high
number of 50%. Especially terrestrial and coastal ecosystems, inland
waters and cultural services reached return rates higher than 50%
while the values of the horizontal tests for integrity, provisioning
services and regulating services were about 20%, respectively.

9 See also https://naturalcapitalproject.stanford.edu/software/invest
1% https://www.giscame.com/giscame/english_publications_publications.
html
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Table 1
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The matrix methodology steps following Campagne and Roche (2018) and the respective steps concerning the proposed matrix of this paper.

Working stepsfollowing Campagne and Roche (2018)

Realization of the working stepsconcerning the matrix concept of this paper

1. Goal and preparation phase 1. General start: Burkhard et al. (2009)

a. Ecosystem service selection
b. Ecosystem type selection
c. Expert panel selection
d. Scoring methodology elaboration
2. Workshop conduction
3. Initial matrix creation
a. Pre-filled matrix by smaller expert group
4. Filling-in the matrix
a. Full individual filling
b. Experts were asked for special groups of types or services
c. Experts make comments on spread-sheet locations and propose
different scores
d. Working group meeting evaluates the expert proposals and
determines outcomes, consensus rounds
e. Variability visible in matrix at excel file

w N

S

5. Compiling the values 5
6. Checking reliability and validation 6
7. Outputs 7

a. Matrix

b. Maps

c. Graphs

a. Kandziora et al. (2013)
b. Burkhard et al. (2014)
c. Internal and external panels (see text)
d. Burkhard et al. (2009) — 0 to 5,Frank et al. (2014) — 0 to 100 (see text)
. Several workshops and meetings since 2009
. Preparation of 2009 — paper (e.g. Kroll et al.2012)a. group work in 2008 and 2018 (see text)

. Outcome of group work sessions(filled in for the new matrix concept)a. Winter 2017b. Winter 2017
(see text)c. Spring 2018d. May and June 2018e. June and July 2018

. Final compilation: August 2018 ff. (see text)

. Checking reliability: August 2018 ff.Optimizations due to this paper

. Outputs: starting with this papera. Matrix — annex of this paperb. Maps — several papers in workc.
Graphs — annex of this paper

e Compiling the values (step 5): The incoming expert valuations con-
sisted of newly proposed scores and texts. Both were inserted within
the excel sheet. The scoring differences were then discussed by the
focal internal expert group and the spans were documented in the
final version of the matrix. The texts were used to decide on the
outcome of the survey.

® Checking reliability (steps 6 and 7): Steps 6 and 7 are initialized with
this paper. The presented matrix is seriously put up for discussion
and improvement, and the authors are highly motivated to update
the concept due to constructive suggestions from the readers.

Due to the long history of the proposed matrix scheme, the sug-
gested working steps of Campagne and Roche (2018) have been mod-
ified, and some of their demands have been neglected. For instance,
there was no additional confidence inquiry of the experts, the proposed
confidence rating by the experts (Gorn et al., 2018) was indicated by
the uncertainty assessment described in the discussion of this paper.
The working plan does not reflect a clear Delphi approach application,
although the core group has been working with distinct expert feed
backs. Therefore the final version is based on a restricted repetitive
survey. The procedure was not carried out in an anonymous way as
demanded by Gorn et al. (2018), and there has been no repeated expert
feedback by all experts before this paper has been arranged.

On the other hand, the matrix has been checked by some empirical
studies which have been carried out in between. During these appli-
cations, additional failures, problems and uncertainties have been de-
tected. Also, the suitability of the general matrix for special local or
regional valuations has been used for certain adaptations. Those cases
will be reported throughout the discussion of this paper. Their sources
are described in Bicking et al. (2018, 2019) with respect to Fig. 7,
Ahrendt et al. (2019) concerning Fig. 8, as part of the project SECOS
(Baltic Sea Atlas, Fig. 9)'' in Bicking and Miiller (2019). The data of
Figs. 11-13 have been taken directly from the matrix (Fig. 1).

3. Results
The described procedures resulted in a new table to evaluate the

ecosystem service potentials of different land and sea cover types (Fig. 1
and Appendix L.). The central question for each node of the matrix is

11 See also https://deutsche-kuestenforschung.de/secos.html

“how high is the potential of the ecosystem type (X- horizontal axis) to
provide the ecosystem service or the ecological integrity indicator (Y — ver-
tical axis)?“ The definitions of the services are summarized in the left
field of the excel sheet (column A) and are adapted from Kandziora
(2013) and Burkhard et al. (2014). The temporal scale of the concept is
an annual rhythm, and the spatial scale refers to one homogeneous
ecosystem, located in Northern Germany. The characterization of the
potentials generally is based on a valuation between 0 and 100 points of
a Relative Ecosystem Service POTential (RESPOT). In the attached ver-
sion, the reader will find proposed values between 10 (actually re-
presenting the smallest potentials) and 90 (actually the highest values).
These scoring variabilities can be widened to a range between 0 and
100, following the specific experts’ opinions or the local conditions in
the specific operated case study. In the attached table, a value of 5
symbolizes provisions which technically could be logically excluded
(e.g. fish catches in a forest), but for which the inherent uncertainty of
parameter combinations is applied, assigning at least a minimal prob-
ability.

The ‘previous’ matrix valuations from 2014 have been transferred
into the described scoring system by simple multiplications, accord-
ingly.

Additionally, the scores of the matrix have been translated into
“spider graphics” (also called radar-, rose-, amoeba-diagrams) in the
attached pdf file (Appendix II.) for readers who prefer a visual test. The
figures include photos of exemplary ecosystems and short definitions of
the respective ecosystem types. Most diagrams show three different
ecosystems and their proposed scoring values for the provision of the
services and systems features noted in the outside ring of the spider
figure (see also Fig. 12).

3.1. Ecosystem services and integrity attributes (vertical issues)

The vertical axis of the matrix contains the selected ecosystem
services and integrity attributes. These categories have been chosen due
to the regional significances of the respective items and their suitability
according to the ecosystem service precursors as well as the approach of
ecosystem integrity indication (Kay, 1991; Miiller, 2005; Haase et al.,
2018). The latter group shall not be understood as an ecosystem service
(such as supporting services of the Millennium Ecosystem Assesment
(MEA, 2005)). Instead, it demonstrates a summarizing, holistic and
functional picture of the ecological state and quality of the respective
system, based upon the capacity of the systems to operate in self-
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Fig. 1. Overview of the recent ecosystem potential matrix (also available as a supplement in Appendix I.; colours structures, values, etc. are explained in the text).

organized sequences of ecological processes (see Miiller et al., 2010;
Miiller and Burkhard, 2010; Schneiders and Miiller, 2017). From our
viewpoint, such indications of the ecosystem conditions are essential for
environmental assessments, because a concentration on ecosystem
services alone would neglect very important information on the en-
vironmental state.

3.2. Investigated ecosystem types (horizontal issues)

Also the list of ecosystem types has been modified strongly, com-
pared to the approaches from Burkhard et al. (2009) or (2014): The
terrestrial systems still mainly consist of CORINE land cover types. They
have been selected with respect to their appearances in northern
German landscapes (where e.g. regrettably no olive growths can be
found). Besides these reductions, there have been made additional
distinctions of types concerning the different shoreline ecosystems.
Furthermore, several coastal infrastructural seascape elements have
been added, reaching from harbours over coastal protection items such
as dikes, groins or breakwaters to promenades or jetties. Finally, there
is a new marine block which consists of three classes of marine sub-
systems,

o the key habitat and community types covering the sediments (e.g.
reed zones, macrophyte stands, mussel beds),

o the different sediment types mainly related to the Baltic Sea (e.g.
clay, sand, gravel, silt) and

e the different basic water body types according to the Water
Framework Directive of the European Union (e.g. oligohaline inner
coastal water bodies,).

3.3. Results with respect to ecosystem types

Figs. 2 and 3 summarize characteristics which describe the dis-
tribution of the ecosystem service potentials of the ecosystem groups.
With respect to the overall average relative ecosystem service potential
(RESPOT) values (Fig. 2), the settlements (avg. RESPOT value of 13.8)
have the smallest providing capacity, whereby the minimum can be
found in construction sites (avg. 7.1) and the internal maximum value
in urban greens (avg. 32.4). Also the coastal infrastructures (avg. 19.3)
and the coastal ecosystems (avg. 24.8) show rather small average va-
lues. They are followed by inland waters (avg. 34.3), agro ecosystems
(avg. 40.9) and nature-near systems (avg. 40.9), wetlands (43.9) and
forests (avg. 62.3) on the terrestrial branch. In the marine part, the
sediments (avg. 16.2) have the smallest potential, the marine water
bodies (avg. 22.3) have a medium position and the marine habitats
(avg. 29.6) have the highest ecosystem service provision in the eyes of
the experts who have participated in this valuation exercise. The
standard deviations generally follow this sequence. Overall it can be
stated that the total potential ecosystem service provisioning capacity
of terrestrial landscapes is higher (avg. 32.2) than the potentials of
marine (avg. 23.5) and coastal (avg. 21.5) land- and seascapes.

When the four ecosystem service classes are distinguished, another
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Fig. 2. Calculated average overall RESPOT values of different ecosystem groups and the respective standard deviations; these graphics demonstrate the overall
assessed potentials of the investigated ecosystem type groups to provide services and integrity features. The standard deviation shows the heterogeneity of service

scores.
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Fig. 3. Potentials of the ecosystem type groups for service provision with respect to integrity, provisioning, cultural and regulating services.
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interesting picture becomes obvious (in Fig. 3): To start with the most
general level, it can be recorded that the overall potentials of the
cultural services (avg. 43.0 following Fig. 4) have received the highest
evaluations, while provisioning services, which are often appearing in a
mono-utility and rival manner (only one respective service type is
possible), reach a very low average potential of 13.6 points. Regulating
services (avg. 29.7) and integrity attributes (avg. 35.8) which are pro-
duced and needed in all ecosystem types consequently show a medium
scoring position.

Among the provisioning services, the roles of agroecosystems and
forests become very dominant. Astonishingly, the forests have been
characterized by higher provisions than the agricultural ecosystems.
This scoring results from the versatile and multiple provisions of forests,
which also include timber, wood fuel, wild food, clean water, etc.,
while the agricultural land use is oriented at the optimization of one
single product (one crop or one livestock product) only. Therefore, the
average provision must be relatively low here. As we are arguing on a
strongly generalizing scale here, the influence of fishing is only weakly
visible in the marine habitats and inland waters. The assigned values of
the regulating services are higher than the provisions in general. Here,
the role of forests becomes extremely clear, and also wetlands, nature-
near systems and agro ecosystems provide high scores, while settle-
ments and the coastal systems only show low capacities for the reg-
ulation of ecological processes. A similar sequence can be found in the
average integrity values. This strong accordance can be used to un-
derline the strong relationships between integrity as a functional eco-
system state variable and the regulation capacity. The fourth group
with the highest potentials for service provision are the cultural eco-
system services. In contrast to all other classes, these services also
provide high probabilities in the aquatic ecosystems, and especially
inland waters and coastal ecosystem types belong to the highest group
of valuations.

To explain this in a more detailed way, Fig. 4 shows the average
potentials of all investigated single services. Starting with the right side
of the Figure, the above-mentioned sequence of service potentials in the
recent matrix version is obvious and accountable: As they can appear in
all ecosystem types, the average potentials of cultural services are very
high in all cases. They are followed by integrity variables, regulating
services and provisioning services. The average performances of the
latter are rather small because they appear in a very small number of
ecosystem types only and many of them are excluding other land use
activities, while all the other service types can occur also in different
(non-excluding, non-rival) combinations.

These conditions are reflected in the left part of the figure, where
the service potentials are sorted by individual sizes. Again, the experts’
preferences for the high value of cultural services in Northern Germany
are reflected, favouring recreation and tourism, regional identity, bio-
diversity and natural heritage. We will touch that general trend again in
the discussions of this paper. The regulations and the attributes of
ecosystem conditions have been assigned to middle ranges by the ex-
perts, although they play major roles for the functioning of the land-
scape and for the flows of all the other service classes. Finally, the role
of provisioning services seems to be of minor importance. That is an
interesting result because under many aspects it directly contradicts the
economic reality, where the supply with agricultural, forestry and
fishery products provides basic societal demands, and should therefore
be expected to be given a much higher score. But here the above-
mentioned exclusiveness may be the reason for that interesting scoring
output.

Another aspect can be interpreted on the basis of Fig. 5: Here the
relative ecosystem service potentials of the different ecosystem types
are depicted as a percentage shares referring to the three ecosystem
classes terrestrial, coastal and marine. In general, the terrestrial eco-
systems have the highest potentials (avg. value of 32.2) while marine
(avg. 23.5) and coastal systems (avg. 21.5) have lower provisioning
capacities per unit of space. The group related differences are especially
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high concerning the regulating potentials and relatively low with re-
spect to provisioning services. The role of coastal areas reaches the
highest shares with respect to cultural services. Looking into single
services, coastal supplies are relatively high with respect to beach
wrack, ornamentals, wild food, erosion regulation and flood protection.
The marine units are superior suppliers of fish, minerals, nutrient reg-
ulation, water purification, and they play an important role referring to
global climate regulation and carbon sequestration.

Finally, these ranking exercises can be terminated by looking at the
pattern of the overall potentials for ecosystem service supply of the
Northern German ecosystem types, as illustrated in Fig. 6: It is obvious
that the forests have the highest general service providing potentials.
They are followed by peat bogs, reed zones, grasslands, moors and
heathlands, marshes and lakes, and at the other side, the lowest pro-
visions are expected in human-dominated, urban and industrial areas,
and artificial coastal infrastructural objects. Also the role of sediments
in direct service supply is estimated as a rather small contribution.

Concerning all of these scoring exercises, it has to be stressed, that
the values are all related to a unit area of a unified size (e.g. 1 ha).
Consequently, the political and management significance can be si-
tuated quite differently, depending on the real size of the single land
cover areas. For instance, 69% of the Schleswig-Holstein surface is used
by agriculture and only about 10% is covered by forests. Thus, the total
quantitative service production of agriculture will be higher than the
contribution of forests.

3.4. Mapping matrix-based ecosystem service potentials

Already in the introduction of this paper it was mentioned that a
focal motivation to develop and use this approach is founded on the
idea to foster the application of ecosystem services in environmental
management and planning. For both purposes, regional distinctions and
illustrations by maps play an important role. Therefore, some examples
from different scales, with different resolutions and contents have been
included in the Figs. 7, 8 and 9. Schleswig-Holstein in Northern Ger-
many is shown with terrestrial applications in Fig. 7, characterizing the
patterns of ecosystem service potentials of wild foods and local climate
regulation. In both cases, the matrix scores are directly transferred to
the respective land cover types, and as an outcome, overall relatively
low values can be seen with exceptions mainly related to forests, wet-
lands, rivers, lakes and coastal systems. These types are the focal con-
tents of Fig. 8. In an integrating manner, here the service potentials of
the direct coastline with a consideration of the neighbouring coastal
systems are illustrated. While the columns show a distinction of service

Relative contributions of terrestrial, coastal and marine systems
for the average RESPOT values

i

OTotal AVG
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OTotal AVG
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Fig. 5. Relations of average relative ecosystem service potential values with
respect to the groups of terrestrial, coastal and marine ecosystem types.
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Fig. 6. Average relative ecosystem service potential values of all assessed ecosystem types.
classes in the area of the Darf3-Zingst Bodden Chain in Mecklenburg- Fig. 9. On the one hand, impressive differences become obvious be-
Vorpommern, the colour of the coastline represents the total potential tween the two counties investigated, i.e. as a consequence of the dis-
service provision. The colour is related to the average scores of the tinct amounts and patterns of wetlands, lakes and forests. On the other
histogram at the right side of the figure. Also here it is obvious that the hand, the values of the sea look rather homogenous. The problem
valuation of cultural services is dominant and that i.e. the provisioning arising here is the integration of marine and terrestrial aspects on ser-
services can be characterized by rather small values. vice potentials. Although all of the maps shown here still have the
A combination of marine and terrestrial applications can be seen in status of hypothetical distribution patterns, most work ahead seems to



F. Miiller, et al.

roees T

55°0.0°

54°0.0°

Ecological Indicators 112 (2020) 106116

Ecosystem service
potentials

in Schleswig-Holstein in
2012

Potential

M <0
B 10-<20
[0 20-<30
30-<40
40-<50
50- <60
[ 60-<70
0 70-<80
B 80-<9%
B =90

|| | atasources  GeoBasis-E / 8KG (2018),
| Base map: OpenStreetMap

Fig. 7. Maps of Schleswig-Holstein depicting terrestrial applications of the matrix using CORINE land cover resolutions. Left side: potential to provide wild food;

Right side: potential for local climate regulation; contribution from S. Bicking.
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Fig. 8. Map of ecosystem service bundles for the coastline of the Dar3-Zingst Bodden Chain, referring to the matrix using the MAPTITUDE approach, contribution

from I. Ruljevic.

refer to the weighing up between terrestrial and marine assessment
traditions. Further attempts will be put on methodological and con-
ceptual possibilities for aggregation of ecosystem service bundles, in
order to provide an optimal level of information for practical decision
making processes.

4. Discussion
4.1. General uncertainties of the approach

While reflecting on the described matrix approach, it is important to
keep in mind that we have been developing and observing an abstract,
hypothetical construct of relationships, in a qualitative manner which is
based upon a strongly reduced number of control parameters and upon
the subjective knowledge of multiple experts, and which only partly has
been checked in a quantitative manner. Consequently, the conceptual
and methodological insecurities are enormous — a good reason to in-
itiate the discussion section of this paper with these items. As a starting

point the nominated general weaknesses of the concept can be ad-
dressed:

e We have worked with the outcome of a group-based, subjective
selection of ecosystem services and we have used individually ela-
borated definitions of the services. They are based on experience
from empirical ecosystem research (Frianzle and Kappen, 2008) and
applied ecosystem theories (Miiller and Burkhard, 2007, 2010), and
therefore they show some differences from the dominating TEEB
and CICES classifications (see Kandziora, 2013).

e We chose a specific typology of ecosystem, which is mainly valid in
a regional context and which is settled on a specific methodological
viewpoint on landscape structures and processes. Thus, the selection
process might be called rather pragmatical.

e We have selected land cover as the focal character of system type
distinctions due to data availability reasons. Many very important
parameters, such as elevations, gradients, geomorphological, geo-
logical, pedological items, climatological, ecochemial or
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Fig. 9. Map of the German Baltic Sea area referring to the matrix and including applications for the focal areas of the SECOS and BACOSA projects; contribution from
J. Schumacher and S. Bicking.

hydrological modifications and variabilities of land use intensities
are not primarily considered in the presented basic version of the
matrix.

The probabilities of ecosystem service provision have been for-
mulated in a group-subjective manner. The determination of the 0 —
100 scoring list may be called arbitrary, the primary restriction to
the range from 10 to 90 may be valuated to be artificial, and to leave
a general, minimal probability of 5 can be understood as an in-
consistent manipulation. On the other hand, these decisions rea-
sonably allow for a better possibility of distinctions, to an improved
potential to demonstrate changes also in extreme value loadings as
an outcome of scenarios and with respect to an intimation of the
high inherent uncertainty of the procedure. Additionally, some
colleagues argue that semi-quantitative valuation should not be al-
lowed at all due to ethical reasons. There may be good paradigmatic
arguments for such a statement, but several applications of similar
approaches have shown that the valuation strategies are useful and
that the outcome is surprisingly correct.

Another source of uncertainty is based on the selection of the ex-
perts, their knowledge, motivation, their personal normative load-
ings and their knowledge backgrounds (Timpte et al., 2018). In our
case the group is biased, as most of them are ecologists or en-
vironmental scientists with a university and research education and
often with a professional university / research affiliation. Colleagues
from environmental authorities and persons who could be attributed
to the general public have not been asked to participate in the
surveys because — within these first steps - the focal task has been
the optimization of scientific soundness of the outcome.

A quantitative check of the results has been conducted in some case
studies only. The respective proofs have demonstrated problems, but
also provoked enlightening ideas for modifications and further de-
velopments of the concept. In this context, for instance several ap-
plications of model systems (Bayesian Belief Networks, InVEST,
Giscame, ARIES, Petri nets; e.g. in Kandziora and Dornhofer, 2014;
Dang et al., 2019; Bicking et al., 2018; Hou et al., 2018; Ma et al.,
2018) and regional statistics (Kroll et al., 2012; Bicking et al., 2018;
Rova et al., 2015, 2019) were carried out in order to improve the
matrix probability values for ecosystem service provision.

Besides these specific items, Hou (2013) have discussed a long list

of sources for uncertainties in matrix applications to derive a scheme
of ecosystem services. Some of these items are:

10

e Uncertainties due to general systems principles (e.g. chaotic beha-
viour, non-linearity)

e Uncertainties due to systems analysis methods (e.g. indirect effects,
de-localized effects)

® Uncertainties due to ecosystem and landscape dynamics (e.g. un-
certain dynamics of land-use or climate)

e Uncertainties due to modelling methodologies (e.g. assumptions,
input data)

e Uncertainties due to landscape analytical methods (e.g. hetero-
geneities, classification ambiguity)

e Uncertainties due to valuation methodologies (e.g. subjectivity of
valuation, value dynamics, political circumstances)

e Uncertainties due to natural service supply (e.g. due to limited re-
gional knowledge or uncertain dynamics)

® Uncertainties due to preference settings (e.g. valuation strategies of
individual participants, biased expert judgements)

® Uncertainties due to technical problems (e.g. methodological
weaknesses, de-compatibilities of methods, data scarcity)

e Uncertainties due to scaling mismatches (e.g. neglecting additive
(emergent) effects of ecosystem complexes or neglecting the effects
of landscape boundaries or punctual landscape elements)

® Uncertainties due to insufficient parameter inclusion (e.g. con-
centrating on land cover without considering soils, elevations, land
use intensities, etc.)

e Uncertainties due to lack of processual knowledge (e.g. working
with lack of information on carbon sequestration potentials or nu-
trient retention capacities)

e Uncertainties due to non-regarded interactions (e.g. influences from
neighbouring ecosystems)

e Uncertainties due to loose distinctions between potentials, supplies,
flows of and demands for ecosystem services (e.g. confusion of po-
tentials and demands concerning cultural ecosystem service.)

An important source of these problems arises from ecosystem scales:
Several services are produced due to the interactions of several eco-
systems, which might also be assigned to several ecosystem types.
Therefore these services cannot be depicted by matrix scores that are
related to isolated ecosystems alone: Examples for such scaling pro-
blems arising from ecosystem interactions are uncertainties in biodi-
versity (due to the potentially wide-ranging home ranges of organisms),
abiotic heterogeneity (as a product of variabilities in ecosystem com-
plexes), livestock and its products (as provisions from sheds/stables and
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different pastures), wild food (e.g. due to the home range of game),
flotsam or beach wrack (due to the transport from place of origin to the
location of appearance), groundwater (as a product of expansive eco-
system complexes). Also flood protection, wind erosion, nutrient reg-
ulation, water purification, and pollination are unfolding their provi-
sions for human well-being at the landscape level. And finally all the
cultural services, such as landscape aesthetics, landscape beauty and
inspiration or recreation and tourism are strongly influenced by land-
scape aspects and the interactions among ecosystems. Tourism desti-
nations for example, are mostly based on specific ecosystem characters,
which make the place attractive, thus they are originally very often
related to very special ecosystem service supplies. But if the factual
abodes of the tourists are investigated, they will be outside this
“highlight” place. That is also a consequence of the tourist infra-
structure which often is provided in the vicinity of the attractive places.
Therefore the relation between the attractor and the sojourn of the
visitors may be quite different. In this context, the concept of viewsheds
has been introduced in many studies, i.e. describing the relations in
mountainous areas (e.g. Schirpke et al., 2016). Consequently, also re-
gional identity, cultural heritage and natural heritage have to be re-
garded carefully under this scale-aspect.

In our research areas, another typical scale mismatch arises from the
influence of coasts or shorelines: An arable land ecosystem has received
a valuation of 40 RESPOT points in the matrix concerning the potential
to provide recreational and touristic utilities. But it is a difference if this
ecosystem is situated in a homogenous arrangement of similar fields or
if it is located directly at the beach of the Baltic Sea or the shore of one
of the numerous lakes in Schleswig-Holstein. The increase of potentials
due to such spatial interactions has to be included into future in-
vestigations and applications of the matrix approach. A similar inclu-
sion has to be carried out concerning smaller items than ecosystems:
Single objects like natural monuments (Naturdenkmale), single trees,
ecotones, areas with limited heterogeneities, the products of rare events
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or sub systems that are smaller than the evaluated ecosystem are not
considered in the presented matrix. Also here, further development is
necessary, i.e. if the matrix shall be adapted to planning purposes.

4.2. Specific uncertainties within the presented matrix

How did these uncertainties become effective in our study? The
differences in insecurity of the assessments can be found in the matrix
figure, indicated by the colour of the single fields: During the feedback
interpretations of the expert valuations, all proposals have been noted
and the final variation of the experts’ proposals has been symbolized by
different colours: a green background shows that there have been no
proposals for any change of the respective relation. The darker the
yellow-brownish colour shade is the higher have been the differences of
the expert suggestions. The scale (see also B42 — B52 in the excel sheet)
reaches in steps of 10 RESPOT points from 0 to 70.

In total there have been 882 proposals for changes, 453 of them
concerning terrestrial ecosystems, 241 proposals for modifications in
the marine environment and 188 suggestions were related to the coastal
ecosystem types. As different experts often suggested different changes,
the main author group has evaluated the results, whereby in some cells
of the spreadsheet both directions of change (higher numbers as well as
lower values) have been submitted. Additionally, some proposals were
based on misunderstandings or conceptual problems, many of them
suggesting small changes. Some ideas could hardly be accepted due to
visible problems about the comprehension of the services or the eco-
system types. In total, about 50% of all proposals have been realized.

Fig. 10 shows the distribution of expert suggestions. Concerning the
different ecosystem types, the highest uncertainty has been linked with
the conditions of broad-leaved forests, rivers, aquacultures and con-
iferous forests (Fig. 10, A). While the two forest types seem to be well-
known landscape compartments and therefore attractive objects of re-
flection for many of the experts, the valuations of rivers and ponds are

A: Uncertainty features: Ecosystem types with
big numbers of expert change proposals

number of change proposals
10 15 20

Broad- leaved forest
Rivers, flowing waters
Aqua-culture (pond)
Coniferous forest

Camping and tourism sites
Natural grassland

Lakes

!
I
|
I
1
|
I
I
Road and railroad networks |

Jetties )

Reed zone

Passive cliff

HFELHEEREREERERERERERFE -

Arable land non- irrigated
Mixed forest

0
|
1
1
1
1
1
1
|
1
1
1
1
1
7

NS LS L B

|
1
1
1
1
|
1
|
1
1
1
1
1
e

C: Uncertainty features: Service types with high
numbers of change proposals by the experts

number of change proposals

0 10 20 30 40 S

0

Abiotic heterogeneity
Natural heritage
Flood protection
Recreation and tourism
Storage capacity
Erosion regulation, water
Local climate regulation
Erosion regulation, wind
Landscape aesthetics
Reduction of nutrient...
Groundwater recharge
Global climate regulation

B: Uncertainty features: Ecosystem types with
small numbers of expert change proposals

Masonry, bulkhead Yt
Sparesly vegetated areas 1t
Sandy beach bathing opp. )

Airports e

Sediment clay 1y

Tl fm——

Revetment )
Industry and commerce
Sediment Reat
Heterogeneous agric. areas
Mineral extraction sites

=
e
e

Construction sites

Dump sites

=
»
0

5 10 15 20 25 30

number of change proposals

D: Uncertainty features: Service types with low
number of change proposals by the experts

0 10 20

number of change proposals

Cultural heritage

Air quality regulation
Drinking water
Abiotic energy*
Minerals*
Ornamentals*

Fibers

Crops (human nutrition)
Wood fuel

Timber

Livestock

Crops (fodder)

30 40 50

Fig. 10. Proposed changes by the experts with reference to ecosystem types (A and B) and ecosystem services (C and D). In both cases the issues with the highest
numbers of disagreements are found in the upper part while below the initial valuations have been accepted with the highest agreement.

11



F. Miiller, et al.

difficult in fact. Rivers are assigned to be high quality ecosystem types,
but their initial ecosystem service potentials have been rated rather low
as they do not fulfil a broad spectrum of the demanded utility functions
compared with other system types. Aquacultures can be seen with a
slightly “romantic aspect” as additional natural sources in the terrestrial
monotony, or as artificial, industrial fish tanks without natural relations
to the surrounding environment. On the other hand (Fig. 10, B), there
seems to be consensus with respect to strongly artificialized ecosystem
types, like dump sites, constructions sites or mineral extraction sites.
Here the divergences of the expert corrections have been extremely
low. By looking at the variability of judgements concerning the dif-
ferent ecosystem services, part D of Fig. 10 signalizes that the doubts
are minimal referring to provisioning services (crops, livestock, timber,
...) while the service classes in part C of Fig. 10 are including a mixture
of regulating and cultural services and two integrity attributes. Either
the nominated services ought to be explained with more detail because
they are representing bigger groups of utilities and relatively complex
service bundles, or their roles are hard to be determined on practice.

Summarizing these points, it is visible that the application of the
ecosystem service concept in general and the usage of the simple po-
tential matrix will always be connected with an enormous complexity:
It is necessary to reflect natural structures and functions with respect to
many potential human advantages and problems. Furthermore, most of
these objects and processes are operating on complex grounds and their
valuation can be ambiguous if the respective viewpoints are not clearly
defined. Thus, there will always be a minimum uncertainty connected
with ecosystem bundle analyses. In spite of these —insecurities the
ecosystem services concept can provide extremely useful information
for applications in environmental management. And for such purposes,
the matrix approach can provide precious information.

4.3. Applicability — One simple example

This suitability shall be shortly demonstrated with the following
series of figures. It starts with a depiction of the features of the highest-

Ecosystem service potentials
of mixed forests
(RESPOT)
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Fig. 12. Generalized ecosystem service potential profiles of typical degrada-
tional steps of land cover change, transforming pastures from forest, then
turning them into arable land, modifying the land cover towards discontinuous
urban fabric and finally ending in an urban system.
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valuated ecosystem type of the matrix table, the mixed forest (Fig. 11).
This profile includes all discussed service classes and types arranged
around axes with RESPON values between 0 and 100. In general the
forest provides high capacities, but has only low potentials for provi-
sioning services, except timber, wood fuel and wild food. Such profile
graphs have been constructed for all services and for all ecosystem
types. They can be downloaded from the supplementary materials of
this paper, where the reader will see that the values of the mixed forest
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system type can be found in the background of all other ecosystem
figures as well. Therefore we can find it in Fig. 12 as well. Here the
consequences of a typical landscape change are depicted: The de-
gradation of several ecosystem service potentials starts with turning the
forest area into an agricultural site, changing from pastures to arable
land. Within these steps, an increasing loss of several cultural and
regulating services takes place, which is amplified in the forthcoming
steps from fields to discontinuous and continuous urban fabric. The
semi-quantitative balance of this typical retrogression can be seen in
Fig. 13: The ecosystems are losing high amounts of service providing
potentials and integrity valuations as a consequence of superficial
economic valorisations.

4.4. Applicability — Adapted ecosystem service matrices and regional
applications

Besides several matrix developments all over the globe, new re-
gional and problem-specific applications of the matrix-approach are
developed, e.g. in Kiel University. Also the outcomes of matrix assess-
ments are steadily compared to the results of quantitative, statistical
and model-based approaches of ecosystem service assessments.
Furthermore, the distinctions of ecosystem service potentials, flows and
demands are deepened and all of these branches are worked out. Also
the GIS-coupling is optimized and planning related applications are
conceived.

Furthermore, it has turned out that some questions need different
matrices to be answered. Therefore, recently compatible matrices are
developed, concentrating on the problems and conditions in the fol-
lowing topics and landscape types:

® Agriculture: Investigations at the municipality scale have demon-
strated, that some matrix categories are defined with a far too high
generality. The most significant example is the CORINE ecosystem
type “non-irrigated arable land”. This type covers about 54% of the
German landscape area, and there are many different cultivated
plants which have significantly different effects on the ecosystem
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service potentials: e.g. potatoes or wheat differ from maize or beets,
due to their biological foundations and the respective management
schemes. Therefore, in one project work, these conditions are split
up.

® Forestry: Also the three forest types of the CORINE distinctions seem
to represent a rather small in number compared to the different
forest classes which can be found in other classifications. Also here,
a finer distinction is desired in a project work. An improved un-
derstanding and particularly a more sensitive response by experts
can only be achieved by strengthening the understanding of the
functioning of such systems and the resulting potentials to provide
ecosystem services. For instance, coming to forest ecosystems,
CORINE derived types such as “mixed forests” are rather difficult to
assess since mixed could mean mixed deciduous, mixed coniferous
or mixed deciduous-coniferous forests with different dominance of
the one or other tree species group. An improved assessment that
connects with the particular expert knowledge of forest practitioners
should be based on forest types taken from forest inventory or
biotope and land-use mapping (Fiirst et al., 2013; Witt et al., 2013;
Frank et al., 2015). Similarly, the understanding of regulative pro-
cesses such as run-off or water erosion in agricultural land-use types
would require more information on the intra-annual dynamics of the
land-cover, so that the use of crop sequences for assessment is re-
commendable (Koschke et al., 2013; Lorenz et al., 2013; Frank et al.,
2014). This could be a great support in developing stakeholder
based scenarios and in generating trust of farmers in recommenda-
tions for beneficial scenarios based on ecosystem services (Koo et al.,
2018a,b).

o Coastal management: It has been detected that the distinction of
ecosystem types and sub systems in the presented matrix in some
instances can hardly be applied due to the complicated integration
of habitats, sediments and water bodies as cooperating units of the
water column. Therefore, and in order to adapt to the spatial units of
the environmental management institutions, an adapted distinction
and matrix table is in work, which will be tested in a set of German
coastal environments as an outcome of the SECOS project.
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e Landscape planning: In collaborating projects, the utility of the ma-
trix approach for landscape planning and nature conservation is
checked and improved. For these purposes, additional elements
have to be integrated and the distinction between service potentials
and flows has to be applied with a high priority. A good example has
been developed by Schirpke et al. (2017, 2019a,b), by calculating
for the whole Alpine Space potential supply, flow and demand of a
number of ecosystem services. This could be a good basis for an
extension of the matrix concept. For instance: Green Infrastructure is
a planning tool from the European Union that aims to provide
ecological, economic and social benefits through natural solutions,
focusing on the delivery of a wide range of ecosystem service and
biodiversity conservation (European Commission, 2013). For-
mulatinig recommendations on green infrastructure management
requires a finer assessment, above all at the landscape or local level.
Small structures can be crucial for local ecosystem service delivery
and must be therefore included in the assessment. For example,
near-natural areas such as hedgerows and flower strips are im-
portant elements in rural landscapes as they provide habitats and
resources for ecosystem service providers. Ecosystem service de-
livery also largely depends on other ecosystem characteristics such
as bioclimatic parameters, soil and hydrological characteristics, land
use intensity, biodiversity as well as the landscape structure
(Kremen, 2005). An efficient environmental management therefore
requires to understand how ecosystem services are provided (Groot
and Rudolf, 2010; Kandziora, 2013).

Summarizing, we can state that for many applied purposes special
approaches of an adapted matrix can be selected and developed. Thus,
the presented matrix must be comprehended as a strongly generalized
regional prototype, which should be modified and adapted for the re-
spective demanded case study conditions. It provides a prototypic
model and point of departure for the applied purpose. Furthermore, the
approach is in steady development, it is continuously modified as an
outcome of quantitative studies, critical comments and new results.
Besides the consequent steady improvement by scientific discussion and
criticism, interesting research projects are run to better include the
individual uncertainties of the experts and to better integrate the ap-
proach into applied evaluations, e.g. by working with parallel opinion-
documenting matrices that additionally describe the significance and
the demand for the respective services.

5. Conclusions

For sure it has become obvious, that there is a great demand for
future work and for intelligent conceptual dynamics. Trying to con-
clude, we might return to the initial questions from the first Chapter
and show potential directions of answers:

® Does it make sense to construct an applicable table of potential human
utilities provided by different ecosystem types as a tool in sustainability
management? The authors are willing to answer with a “yes”. Much
more, we are convinced that the matrix approach can be developed
further especially to facilitate an utilization of the ecosystem service
concept. But we also have to consider that the exactness is strongly
influenced by the developing expert group, the heterogeneity of the
investigated environment and the explicitness of the indicators used.
How high is the inherent uncertainty of such an approach and does the
advantage of bundling a lot of comprehensive knowledge predominate the
potential inexactness of the assessment? Also here, the experience
made, leads us to a positive answer. We have described many un-
certainty sources in the discussion Chapter. Thus, the insecurity is
high, but also the completeness of arguments and sustainability
aspects is enormous. Also — as could be shown in this paper - all the
focal methodological pathways are known, the working steps are
documented, the potential failures are discussed in the literature,
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and working sequences are developed, elaborated tools are available
and the linkage of matrices with GIS data promises interesting ap-
plications in planning and decision making processes. Additionally,
the results are logical and comprehensible, the outcome is correct
and consistent. The sensitivity of the procedure is satisfying and the
usefulness is high.

Which steps have to be taken to improve the presented ecosystem service -

probability table? Several aspects answering this question can be

found in the discussion section of this paper. From our viewpoint,
the following points have to be investigated, tested and clarified
with highest priorities:

o complete the methodological spectrum by stronger integrating
characterizations of potentials, flows and demands dynamics of
comprehensive ecosystem service bundles,

o improve the adaptability of the approach by more specific adap-
tions, practical implementations and case studies,

o improve our comprehension of the methodological linkages be-
tween qualitative and quantitative conceptions,

o improve our knowledge on the role of scales, on the service-re-
lated interactions between ecosystems, and derive transparent
measures for area-related service-provisions,

o improve our knowledge by illuminating the linkages of ecosystem
integrity, ecosystem condition, ecosystem services and biodi-
versity, underpinning ecosystem service potentials with functions,

o improve the persuasiveness of nature protection and sustainable
development strategies by arguing more consistent with eco-
system service resilience and adaptability.

The application examples and discussions have shown the strengths
and weaknesses of the suggested renewed matrix approach. Still, there
is a need to improve the assessment basis, particularly when it comes to
an improved understanding of regulating services in natural and semi-
natural ecosystems, such as forests or agriculture and of regulating and
cultural services in urban ecosystems.

But also without the demanded strategic, methodological and
technical additions, the ecosystem service approach forcefully demon-
strates the strong and diverse dependence of humans from nature, and
it shows illustratively and self-affected how urgent we need good con-
cepts to utilize the natural resources in a sustainable manner. In this
sense, we wish to ask the reader for support and feedback, in order to
foster the development and to make the ecosystem service approach
more and more beneficial.

Acknowledgements

The authors are grateful to the additional initiators of the first
version of the ecosystem service matrix, Benjamin Burkhard
(Hannover) and Franziska Kroll (Frankfurt). We also thank the colla-
borators of the Stoll et al.- paper, supporting colleagues and acknowl-
edged persons who provided important comments on older versions, for
very thoughtful feed backs: Mihai Adamescu (Bucharest), Algirdas
Augustaitis (Kaunas), Cornelia Baessler (Halle), Uta Berger (Dresden),
Francisco J. Bonet (Granada), Kremena Burkhard (Hannover), Maria
Laura Carranza (Pesche), Constantin Cazacu (Bucharest), Georgia L.
Cosor (Bucharest), Ricardo Dfiaz-Delgado (Sevilla), Mark Frenzel
(Halle), Ulf Grandin (Uppsala), Heikki Hamaldinen (Jyvéaskyld), Timo
Kumpula (Joensuu), Rob Loke (Den Hoorn), Jorg Miiller (Grafenau),
Stoyan Nedkov (Sofia), Angela Stanisci (Pesche), Tomasz Staszewski
(Katowice), Stefan Stoll (Trier), Ari Tanskanen (Joensuu), and Petteri
Vihervaara (Helsinki).

The authors furthermore are extremely happy that the following
colleagues have provided significant comments, critics and ideas on the
recent matrix configuration: Harald Asmus (List), Olaf Bastian
(Dresden), Manfred Bolter (Kiel), Angel Borja (Leioa), Markus Erhard
(Copenhagen), Elli Groner (Eilot), Karsten Grunewald (Dresden), Roy
Haines-Young (Nottingham), Ying Hou (Beijing), Miguel Inacio



F. Miiller, et al.

(Rostock), Sonja Jéaning (Berlin), Jens Kiesel (Kiel), Laura Mononen
(Joensuu), Bertram Ostendorf (Adelaide), Matthias Pfannerstill (Kiel),
Christian Porsche (Rostock), Marion Potschin (Nottingham), Joao
Rodriguez (Lisboa), Werner Rolf (Miinchen), Silvia Rova (Venice),
Gerals Schernewski (Rostock), Uta Schirpke (Bozen), Heiko Schmiiser
(Kiel), Joachim Schrautzer (Kiel), Winfried Schroder (Vechta), Horst
Sterr (Kiel), Meirong Su (Beijing), Ralf-Uwe Syrbe (Dresden), Ulrich
Walz (Dresden), and Naicheng Wu (Aarhus).

Additionally there has been permanent support from the colleagues
of the BACOSA and SECOS projects, Martin Benkenstein (Rostock),
Maximilian Berthold (Rostock), Uwe Buczko (Rostock), René Friedland
(Warnemiinde), Gerald Jurasinski (Rostock), Friederike Kunz
(Warnemiinde), Konrad Ott (Kiel), Martin Paar (Greifswald), Katharina
Poser (Rostock), Johanna Schumacher (Warnemuende), and Rhena
Schumann (Rostock).

This work has been done in the context of the BACOSA II and SECOS
II r&d projects, funded by the German Ministry for Education and
Research, funding numbers 03F0737A and 03F0738C.

The paper has been worked in intensive cooperation.
Conceptualization was made as a continuous small group result, while
all authors have contributed in the matrix creation and quantification
as well as the critical review. The text was worked out by the whole
team.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.ecolind.2020.106116.

References

Ahrendt, K., Ruljevic, I., Miiller, F., 2019. Einsatz von geographischen
Informationssystemen zur Ermittlung der Okosystemleistungen von Kiistenlinien.
Rostocker Meeresbiologische Beitriage, SI BACOSA — Synthese Baltic Coastal System
Analysis and Status Evaluation. Heft 29, 47-54.

Arnold, J., Kleemann, J., Fiirst, C., 2018. A Differentiated Spatial Assessment of Urban
Ecosystem Services Based on Land Use Data in Halle, Germany. LAND 7, 101
10.3390.

Dang, Kinh Bac, Windhorst, Wilhelm, Burkhard, Benjamin, Miiller, Felix, 2019. A
Bayesian Belief Network — Based approach to link ecosystem functions with rice
provisioning ecosystem services. Ecol. Ind. 100, 30-44. https://doi.org/10.1016/j.
ecolind.2018.04.055.

Bicking, S., Burkhard, B., Kruse, M., Miiller, F., 2018. Mapping of nutrient regulating
ecosystem service supply and demand on different scales in Schleswig-Holstein.
Germany. - One Ecosystem 3 e22509.

Bicking, S., Burkhard, B., Kruse, M., Miiller, F., 2019. Bayesian Belief Network-based
assessment of nutrient regulating ecosystem services in Northern Germany. PLoS
ONE 14 (4) e0216053.

Bicking, S., Miiller, F., 2019. Die “Matrix“ - Ein Werkzeug zur Bewertung von
Okosystemleistungen. Rostocker Meeresbiologische Beitréige, ST BACOSA — Synthese
Baltic Coastal System Analysis and Status Evaluation. Heft 29, 37-45.

Boykin, K.G., Kepner, W.G., Bradford, D.F., Guy, R.K., Kopp, D.A., Leimer, A.K., Samson,
E.A., East, N.F., Neale, A.C., Gergely, K.J., 2013. A national approach for mapping
and quantifying habitat-based biodiversity metrics across multiple spatial scales.
Ecol. Ind. 33, 139-147.

Burkhard, B., Kroll, F., Miiller, F., Windhorst, W., 2009. Landscapes’ Capacities to Provide
Ecosystem Services — a Concept for Land-Cover Based Assessments. Landscape Online
15, 1-22.

Burkhard, B., Kroll, F., Nedkov, S., Miiller, F., 2012. Mapping supply, demand and bud-
gets of ecosystem services. Ecol. Ind. 21, 17-29.

Burkhard, B., Kandziora, M. Hou Y., Miiller F. (2014): Ecosystem Service Potentials, Flows
and Demands - Concepts for Spatial Localisation, Indication and Quantification. — In:
Landscape Online 34: pp. 1-32.

Burkhard, B. & Maes J., 2017, Mapping Ecosystem Services. Pensoft Publishers, Sofia, pp.
374.

Burkhard, Benjamin, Petrosillo, Irene, Costanza, Robert, 2010. Ecosystem services —
Bridging ecology, economy and social sciences. Ecol. Complexity 7 (3), 257-259.

Campagne, C.S., Roche, P., Gosselin, F., Tschanz, L., Tatoni, T., 2017. Expert-based
ecosystem services capacity matrices: Dealing with scoring variability. Ecol. Ind. 79,
63-72.

Campagne, C.S., Roche, P.K., 2018. May the matrix be with you! Guidelines for the ap-
plication of expert-based matrix approach for ecosystem services assessment and
mapping. €24134. One Ecosystem 3. https://doi.org/10.3897/oneeco.3.e24134.

Costanza, R.B., de Groot, R., Braat, L., Kubiszewski, ., Fioramonti, L., Sutton, P., Farber,
S., Grasso, M., 2017. Twenty years of ecosystem services: how far have we come and
how far do we still need to go? Ecosyst. Serv. 28, 1-16.

15

Ecological Indicators 112 (2020) 106116

Daily, G.C., Polasky, S., Goldstein, J., Kareiva, P.M., Mooney, H.A., Pejchar, L., Ricketts,
T.H., Salzman, J., Schallenberger, R., 2009. Ecosystem services in decision making:
time to deliver. Front. Ecol. Environ. 7 (1), 21-28.

Dang, K.B., Burkhard, B., Miiller, F., 2018a. a): Modelling and mapping natural hazard
regulating ecosystem services in Sapa, Lao Cai province, Vietnam. Padd. Water
Environ. 16 (4), 767-781.

Dang, K.B., Windhorst, W., Burkhard, B., Miiller, F., 2018b. A Bayesian Belief Network —
Based approach to link ecosystem functions with rice provisioning ecosystem ser-
vices. —. Ecol. Ind. https://doi.org/10.1016/j.ecolind.2018.04.055.

De Groot, Rudolf S. (2010): Integrating the ecological and economic dimensions in bio-
diversity and ecosystem service valuation. Chapter 1. In The Economics of
Ecosystems and Biodiversity: The Ecological and Economic Foundations 40 (5), pp.
10-15. DOIL: 10.1111/j.1872-034X.2010.00654.x.

de Groot, R.S., Alkemade, R., Braat, L., Hein, L., Willemen, L., 2010. Challenges in in-
tegrating the concept of ecosystem services and values in landscape planning, man-
agement and decision making. Ecol. Complexity 7, 260-272.

Dittrich, Andreas, Seppelt, Ralf, Vaclavik, Tomas, Cord, Anna F., 2017. Integrating eco-
system service bundles and socio-environmental conditions — A national scale ana-
lysis from Germany. Ecosyst. Serv. 28, 273-282.

Egoh, B., Rouget, M., Reyers, B., Knight, A.T., Cowling, R.M., van Jaarsveld, A.S., Welz,
A., 2007. Integrating ecosystem services into conservation assessments: a review.
Ecol. Econ. 63 (4), 714-721.

European Commission (2013): Communication from the Commission to the European
Parliament, the Council, the European Economic and Social Committee and the
Committee of the Regions: Green Infrastructure (GI) — Enhancing Europe's Natural
Capital. COM(2013) 249 final: Brussels.

European Union (2011): THE EU biodiversity strategy to 2020. Luxemburg.

Frank, S., Fiirst, C., Witt, A., Koschke, L., Makeschin, F., 2014. Making use of the eco-
system services concept in regional planning—trade-offs from reducing water ero-
sion. Landscape Ecol. 29, 1377-1391.

Frank, S., Fiirst, C., Pietzsch, F., 2015. Cross-sectoral resource management: how forest
management alternatives affect the provision of biomass and other ecosystem ser-
vices. Forests 6, 533-560.

Frénzle, O., Kappen, L., Blume H.-P., Dierssen K., 2008 Ecosystem Organization of a
Complex Landscape - Long-Term Research in the Bornh6ved Lake District, Germany.
Springer, Berlin Heidelberg. Ecological Studies, 202.

Fiirst, C., Frank, S., Jiménez, M., Vasquez, D. A. R., Pietzsch, K., Pietzsch, F., 2016: 9.
Impacts of agricultural and forest management on biodiversity and ecosystem ser-
vices. In: Geneletti, D. (ed.). Handbook on Biodiversity and Ecosystem Services in
Impact Assessment, pp. 195-221.

Fiirst, C., Frank, S., Witt, A., Koschke, L., Makeschin, F., 2013. Assessment of the effects of
forest land use strategies on the provision of Ecosystem Services at regional scale. J.
Environ. Manage. 127, 96-116.

Gémez-Baggethun, E., De Groot, R., Lomas, P.L., Montes, C., 2010. The history of eco-
system services in economic theory and practice: from early notions to markets and
payment schemes. Ecol. Econ. 69 (6), 1209-1218.

Gorn, L., Kleemann, J., Fiirst, C., 2018. Improving the matrix-assessment of ecosystem
services provision—the case of regional land use planning under climate change in
the region of Halle, Germany. Land 7 (2), 1-18. https://doi.org/10.3390/
1land7020076.

Grét-Regamey, A., Weibel, B., Kienast, F., Rabe, S., Zulian, G., 2015. A tiered approach for
mapping ecosystem services. Ecosyst. Serv. 13, 16-27.

Gret-Regamey, A., B. Weibel, S.E. Rabe and B. Burkhard (2018): A tiered approach for
ecosystem services mapping. In: Burkhard, B.and J. Maes (eds.): Mapping Ecosystem
Services. Sofia, pp. 211-215.

Grunewald, K., Bastian, O., 2015: Ecosystem services—Concept, methods and case studies.
Springer.

Haase, P., Tonkin, J.D., Stoll, S., Burkhard, B., Frenzel, M., Geijzendorffer, I.R., Hduser,
C., Klotz, S., Kiihn, 1., McDowell, W.H., Mirtl, M., Miiller, F., Musche, M., Penner, J.,
Zacharias, S., Schmeller, D., 2018. The next generation of site-based long-term eco-
logical monitoring: Linking essential biodiversity variables and ecosystem integrity.
Sci. Total Environ. 613, 1376-1384.

Harrison, P., Dunford, R., Barton, D., Kelemen, E., Martin-Lépez, B., Norton, L.,
Termansen, M., Saarikoski, H., Hendriks, K., Gémez-Baggethun, E., Cztcz, B., Garcia-
Llorente, M., Howard, D., Jacobs, S., Karlsen, M., Kopperoinen, L., Madsen, A., Rusch,
G., Mv, Eupen, Verweij, P., Smith, R., Tuomasjukka, D., Zulian, G., 2017. Selecting
methods for ecosystem service assessment: a decision tree approach. Ecosyst. Serv.
https://doi.org/10.1016/j.ecoser.2017.09.016.

Hou, Y., Burkhard, B., Miiller, F., 2013. Uncertainties in landscape analysis and ecosystem
service assessment. J. Environ. Manage. 127, S117-S131.

Hou, Y., Li, B, Miiller, F., Fu, Q., Chen, W., 2018. A conservation decision-making fra-
mework based on ecosystem service hotspot and interaction analyses on multiple
scales. Sci. Total Environ. 643, 277-291.

IPBES 2018, IPBES Guide on the production of assessments. Secretarite of the
Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services,
Bonn, Germany.

Jacobs, S., Burkhard, B., Van Daele, T., Staes, J., Schneiders, A., 2015. The Matrix
Reloaded”: a review of expert knowledge use for mapping ecosystem services. Ecol.
Modell. 295, 21-30.

Kandziora, M., Burkhard, B., Miiller, F., 2013. Interactions of ecosystem properties,
ecosystem integrity and ecosystem service indicators — a theoretical matrix exercise.
Ecol. Indicat. 28, 54-78.

Kandziora, M., Dérnhofer, K. Oppelt N. Miiller F., 2014. Detecting Land Use And Land
Cover Changes In Northern German Agricultural Landscapes To Assess Ecosystem
Service Dynamics. - Landscape Online 35, pp. 1-24.

Kay, J.J., 1991. A nonequilibrium thermodynamic framework for discussing ecosystem


https://doi.org/10.1016/j.ecolind.2020.106116
https://doi.org/10.1016/j.ecolind.2020.106116
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0005
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0005
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0005
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0005
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0010
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0010
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0010
https://doi.org/10.1016/j.ecolind.2018.04.055
https://doi.org/10.1016/j.ecolind.2018.04.055
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0020
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0020
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0020
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0025
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0025
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0025
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0030
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0030
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0030
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0035
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0035
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0035
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0035
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0045
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0045
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0045
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0050
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0050
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0065
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0065
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0070
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0070
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0070
https://doi.org/10.3897/oneeco.3.e24134
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0080
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0080
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0080
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0085
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0085
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0085
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0090
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0090
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0090
https://doi.org/10.1016/j.ecolind.2018.04.055
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0105
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0105
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0105
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0110
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0110
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0110
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0115
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0115
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0115
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0130
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0130
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0130
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0135
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0135
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0135
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0150
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0150
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0150
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0155
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0155
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0155
https://doi.org/10.3390/land7020076
https://doi.org/10.3390/land7020076
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0165
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0165
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0180
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0180
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0180
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0180
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0180
https://doi.org/10.1016/j.ecoser.2017.09.016
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0195
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0195
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0200
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0200
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0200
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0210
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0210
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0210
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0215
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0215
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0215
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0225

F. Miiller, et al.

integrity. Environ. Manage. 15 (4), 483-495.

Koo, H., Kleemann, J., Fiirst, C., 2018a. Impact assessment of land use changes using local
knowledge for the provision of ecosystem services in northern Ghana, West Africa.
Ecol. Ind. 103, 156-172.

Koo, H., Kleemann, J., Fiirst, C., 2018b. Land use scenario modeling based on local
knowledge for the provision of ecosystem services in Northern Ghana. Land 7 (2), 59.

Kopperoinen, L., Itkonen, P., Niemel4, J., 2014. Using expert knowledge in combining
green infrastructure and ecosystem services in land use planning: An insight into a
new place-based methodology. Landscape Ecol. 29 (8), 1361-1375. https://doi.org/
10.1007/510980-014-0014-2.

Koschke, L., Fiirst, C., Lorenz, M., Witt, A., Frank, S., Makeschin, F., 2013. The integration
of crop rotation and tillage practices in the assessment of ecosystem services provi-
sion at the regional scale. Ecol. Ind. 32, 157-171.

Koschke, L., Fiirst, C., Frank, S., Makeschin, F., 2012. A multi-criteria approach for an
inte-grated land-cover-based assessment of ecosystem services provision for planning
support. Ecol. Indicat. 21, 54-66.

Kremen, C., 2005. Managing ecosystem services. What do we need to know about their
ecology? Ecol. Lett. 8 (5), 468-479. https://doi.org/10.1111/j.1461-0248.2005.
00751.x.

Kroll, F., Miiller, F., Haase, D., Fohrer, N., 2012. Rural-urban gradient analysis of eco-
system services supply and demand dynamics. Land Use Policy 29 (3), 521-535.

Kumar, P., 2012. ed): The economics of ecosystems and biodiversity: ecological and
economic foundations. Routledge.

Lorenz, M., Fiirst, C., Thiel, E., 2013. A methodological approach for deriving regional
crop rotations as basis for the assessment of the impact of agricultural strategies using
soil erosion as example. J. Environ. Manage. 127, 37-47.

Ma, L., Bicking, S., Miiller, F., 2018. Mapping and comparing ecosystem service indicators
of global climate regulation in Schleswig-Holstein, Northern Germany. Sci. Total
Environ. 648, 1582-1597.

Martinez-Harms, M.J., Bryan, B.A., Balvanera, P., Law, E.A., Rhodes, J.R., Possingham,
H.P., Wilson, K.A., 2015. Making decisions for managing ecosystem services. Biol.
Conserv. 184, 229-238.

MEA, 2005. Millennium Ecosystem Assessment (MA). Synthesis, Island Press,
Washington DC.

Meynhardt, T., Chandler, J.D., Strathoff, P., 2016. Systemic principles of value co-crea-
tion: synergetics of value and service ecosystems. J. Business Res. 69 (8), 2981-2989.

Mouchet, M.A., Paracchini, M.L., Schulp, C.J.E., Stiirck, J., Verkerk, P.J., Verburg, P.H.,
Lavorel, S., 2017. Bundles of ecosystem (dis) services and multifunctionality across
European landscapes. Ecol. Ind. 73, 23-28.

Miiller, F., 2005. Indicating Ecosystem and Landscape Organization. Ecol. Indicat. 5/4,
280-294.

Miiller, F., Burkhard, B., 2007: An ecosystem based framework to link landscape struc-
tures, functions and services. In: Mander, U., H. Wiggering & K. Helming (Eds.):
Multifunctional Land Use — Meeting Future Demands for Landscape Goods and
Services. Springer: 37-64.

Miiller, F., Burkhard B. 2010: Ecosystem Indicators for the Integrated Management of
Landscape Health and Integrity. In: S. E. Jorgensen, L. Xu, R. Costanza (Eds.):
Handbook of Ecological Indicators for Assessment of Ecosystem Health. Second
Edition. Taylor & Francis: 391-423.

Miiller, F., Burkhard B., 2012, The indicator side of ecosystem services. — Ecosystem
Services 1: 26-30.

Miiller, F., Burkhard, B. Kroll F., 2010. Resilience, Integrity and Ecosystem Dynamics:
Bridging Ecosystem Theory and Management. In: Otto, J.-C. & Dikau, R. (Eds.):
Landform - Structure, Evolution, Process Control. Lecture Notes in Earth Sciences
Series. Vol. 115. Springer: 221-242.

Nedkov, S., Burkhard, B., 2012. Flood regulating ecosystem services - Mapping supply
and demand, in the Etropole municipality. Bulgaria. — Ecol. Indicat. 21, 67-79.

Portman, M.E., 2013. Ecosystem services in practice: challenges to real world im-
plementation of ecosystem services across multiple landscapes—a critical review.
Appl. Geogr. 45, 185-192.

Potschin, M, Haines-Young, R, 2016, Defining and measuring ecosystem services. In:
Potschin M, Haines-Young R, Fish R, Turner RK (Eds): Routledge Handbook of
Ecosystem Services, London and New York, pp. 25-42.

Potschin-Young, M., 2018. Multifunctional assessment methods and the role of map
analyse - Using an Integrated Ecosystem Service Assessment Framework. Deliverable

16

Ecological Indicators 112 (2020) 106116

D4.8, EUHorizon 2020 ESMERALDA Project, Grant agreement No. 642007, 186 pp.,
URL: http://www.esmeralda-project.eu/documents/1/.

Rova, S., Pranovi, F. Miiller F., 2015. Provision of ecosystem services in the lagoon of
Venice (Italy): an initial spatial assessment. Ecohydrology & Hydrobiology 15 (1) pp.
13-25.

Rova, S., Meire, P., Miiller, F., Simeoni, M., Prandovi, F., 2019. A Petri net modeling
approach to explore the temporal dynamics of the provision of multiple ecosystem
services. Sci. Total Environ. 655, 1047-1061.

Ruckelshaus, M., McKenzie, E., Tallis, H., Guerry, A., Daily, G., Kareiva, P., Bernhardt, J.,
2015. Notes from the field: lessons learned from using ecosystem service approaches
to inform real-world decisions. Ecol. Econ. 115, 11-21.

Santos-Martin, F., Viinikka, A., Mononen, L., Brander, L., Vihervaara, P., Liekens, I.,
Potschin-Young, M., 2018. Creating an operational database for Ecosystems Services
Mapping and Assessment Methods. One Ecosystem 3 e26719.

Schirpke, U., Timmermann, F., Tappeiner, U., Tasser, E., 2016. Cultural ecosystem ser-
vices of mountain regions: modelling the aesthetic value. Ecol. Ind. 69, 78-90.
Schirpke, U., Meisch, C., Marsoner, T., Tappeiner, U., 2017. Revealing spatial and tem-
poral patterns of outdoor recreation in the European Alps and their surroundings.

Ecosyst. Serv. 31C, 336-350. https://doi.org/10.1016/j.ecoser.2017.11.017.

Schirpke, U., Candiago, S., Egarter, Vigl L., Jager, H., Labadini, A., Marsoner, T., Meisch,
C., Tasser, E., Tappeiner, U., 2019a. Integrating supply, flow and demand to enhance
the understanding of interactions among multiple ecosystem services. Sci. Total
Environ. 651, 928-941. https://doi.org/10.1016/j.scitotenv.2018.09.235.

Schirpke, U., Egarter, Vigl L., Tasser, E., Tappeiner, U., 2019b. Analyzing spatial con-
gruencies and mismatches between supply, demand and flow of ecosystem services
and sustainable development. Sustainability 11 (8), 2227. https://doi.org/10.3390/
sul1082227.

Schneiders, A., Miiller F., 2017: 2.2. A natural base for ecosystem services. In: Burkhard B,
Maes J (Eds.) (2017) Mapping Ecosystem Services. Pensoft Publishers, Sofia, 374 pp:
35-40.

Schulp, C.J.E., Burkhard, B. Maes, J. van Vliet, J., Verburg P.H., 2014. Uncertainties in
Ecosystem Service Maps: A Comparison on the European Scale. — PloS ONE 9(10):
€109643. doi:10.1371/journal.pone.0109643.

Spyra, M., Kleemann, J., Cetin, N.I., Navarrete, C.J.V., Albert, C., Palacios-Agundez, I.,
Amezaga-Arregi, 1., Rozas-Vasquez, D., Esmail, B.A., Picchi, P., Geneletti, D., Konig,
H.J., Koo, H., Kooperionen, L., Fiirst, C., 2018. The ecosystem services concept: a new
Esperanto to facilitate participatory planning processes? Landscape Ecol. 1-21.

Stoll, S., Frenzel, M., Burkhard, B., Adamescu, M., Augustaitis, A., Baef3ler, C., Bonet
Garcia, F.J., Cazacu, C., Cosor, G.L., Diaz-Delgado, R., Carranza, M.L., Grandin, U.,
Haase, P., Himaildinen, H., Loke, R., Miiller, J., Stanisci, A., Staszewski, T., Miiller, F.,
2015. Assessment of spatial ecosystem integrity and service gradients across Europe
using the LTER Europe network. Ecol. Model. 295, 75-87.

TEEB, 2009. The Economics of Ecosystems and Biodiversity for National and
International Policy Maker — Summary: Responding to the Value of Nature 2009.
URL: http://www.teebweb.org/our-publications/teeb-study-reports/national-and-in-
ternational-policy-making/.

Timpte, M., Montana, J., Reuter, K., Borie, M., Apkes, J., 2018. Engaging diverse experts
in a global environmental assessment: participation in the first work programme of
IPBES and opportunities for improvement. Innovation. Eur. J. Soc. Sci. Res. 763
(31(supl)), S15-S37.

P. Vihervaara T. Kumpula A. Ruokolainen A. Tanskanen B. Burkhard 2012 The use of
detailed biotope data for linking biodiversity with ecosystem services in Finland Int.
J. Biodivers. Sci. Ecosyst. Serv. Manage. 8 1-2 169 185.

Wangai, P.W., Burkhard, B., Kruse, M., Miiller, F., 2017. Contributing to the cultural
ecosystem services and human wellbeing debate: a case study application on in-
dicators and linkages. Landscape Online 50:.

Wangai, P.W., Burkhard, B., Miiller, F., 2019. Quantifying and mapping land use changes
and regulating ecosystem service potentials in a data-scarce peri-urban region in
Kenya. Ecosyst. People 15 (1), 11-32.

Witt, A., Fiirst, C., Makeschin, F., 2013. Regionalization of Climate Change sensitive forest
ecosystem types for potential afforestation areas. J. Environ. Manage. 127, 48-55.

Zeleny, J., Bicking, S. Dang, K.B. Miiller F. (submitted) Combining methods to estimate
ecosystem integrity and ecosystem service potentials and flow for crop production in
Schleswig-Holstein, Germany. Landscape Online.


http://refhub.elsevier.com/S1470-160X(20)30053-4/h0225
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0230
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0230
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0230
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0235
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0235
https://doi.org/10.1007/s10980-014-0014-2
https://doi.org/10.1007/s10980-014-0014-2
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0245
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0245
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0245
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0250
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0250
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0250
https://doi.org/10.1111/j.1461-0248.2005.00751.x
https://doi.org/10.1111/j.1461-0248.2005.00751.x
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0260
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0260
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0265
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0265
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0270
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0270
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0270
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0275
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0275
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0275
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0280
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0280
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0280
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0290
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0290
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0295
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0295
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0295
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0300
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0300
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0325
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0325
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0330
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0330
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0330
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0350
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0350
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0350
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0355
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0355
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0355
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0360
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0360
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0360
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0365
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0365
https://doi.org/10.1016/j.ecoser.2017.11.017
https://doi.org/10.1016/j.scitotenv.2018.09.235
https://doi.org/10.3390/su11082227
https://doi.org/10.3390/su11082227
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0405
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0405
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0405
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0405
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0410
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0410
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0410
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0410
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0410
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0425
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0425
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0425
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0425
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0435
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0435
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0435
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0440
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0440
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0440
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0445
http://refhub.elsevier.com/S1470-160X(20)30053-4/h0445

®

Check for
updates

Evaluation of Ecological Integrity
in Landscape Based on Remote Sensing
Data

Jakub Zeleny and Daniel Mercado-Bettin

Abstract Sustaining ecological integrity is recognized worldwide as a strategic
objective (e.g. the 2015 Paris Agreement), but a general consensus on the overall
methodology for assessing ecological integrity is still missing. This chapter presents
a contribution to the method of ecological integrity evaluation, using simple and
theoretically grounded method to calculate three holistic indicators: exergy capture,
biotic water flows and abiotic heterogeneity, utilizing open access remote sensing
data (Sentinel-2 and Landsat 8). Three variables are proposed as a representation of
the respective indicators: NDVI (Normalized Difference Vegetation Index), bright-
ness temperature (BT) and vegetation surface heterogeneity (HG). Forests and wet-
lands have obtained higher results in the selected integrity indicators, while arable
lands and urban areas relatively lower. The relative distance between the potential
peak and the lowest performance in a landscape context is obtained by calculating a
composite Regional Index of Ecological Integrity (RIEI [%]). The proposed
approach can be used for various purposes including localization of naturally valu-
able areas, estimation of ecosystem condition or performance of
ecosystem management.
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1 Introduction

1.1 Ecological Integrity and Self-Organization

Despite the universal uderstanding of the importance of maintaining ecological
integrity (e.g. Paris Agreement 2015; Convention on Biological Diversity Aichi
Targets 2019), a consensus on a unified theory or methodology of assessing integ-
rity is still missing. Historically, integrity has has been understood as the degree of
“naturalsness” or the distance from a natural reference (Karr and Dudley 1981;
Majer and Beeston 1996; Scholes and Biggs 2005; Coppedge et al. 2006;
Capmourteres and Anand 2016; for a review see Ruaro and Gubiani 2013). The
approach based on naturalness estimation is known as “biotic integrity”” and usually
comprises biodiversity monitoring of selected sites or specific ecosystems such as
forests, lakes or rivers (Karr and Dudley 1981; Fraser et al. 2009). Up till now, sev-
eral regional scale frameworks have been proposed, adressing the multitude of eco-
system which landscapes consist of in a holistic manner, although a practical
methodology was not empirically tested so far (Slocombe 1992; Andreasen et al.
2001; Reza and Abdullah 2011).

The aim of this chapter is to describe a novel method of ecosystem integrity
evaluation in landscape context. The experimental definition of integrity used within
this study is: “Ecological integrity is the degree of self-organization. It is regulated
by different constrains imposed by abiotic factors and human management”. This
study utilizes the understanding of ecological integrity as the degree of self-
organization (Miiller et al. 2000; Miiller 2005), or autopoiesis (Maturana and Varela
1980). Unlike the “biotic integrity” concept, the proposed approach does not quan-
tify the distance to a natural reference, but rather the thermodynamic performance
of an ecosystem (Schneider and Kay 1994; Maes et al. 2011) or the degree of
self-organization.

Three indicators are used to estimate ecological integrity: exergy capture, biotic
water flows and abiotic heterogeneity (after Miiller 2005). Based on a preceeding
literature survey, three variables were selected to represent these indicators: bright-
ness temperature (BT), Normalized Difference Vegetation Index (NDVI) and vege-
tation surface heterogeneity (HG). The capacity of vegetation to reduce the
temperature gradient is a promising measure of ecosytem metabolism and integrity,
and was already proposed by Schneider and Kay (1994) and Maes et al. (2011). The
amount of temperature reduced by ecosytems is directly linked to the volume of
water transported through vegetation during evapotranspiration and can be thus
linked with the ecological integrity indicator “Biotic water flows” proposed by
Miiller (2005). NDVI is a straightforward estimate of the amount of solar radiation
absorbed during photosynthesis and can be thus linked with the indicator “Exergy
capture” (Miiller 2005; Kandziora et al. 2013). The third indicator, which is
ecosystem “abiotic heterogeneity”, can be estimated as the degree of ecosystem
uneveness or complexity (Miiller 2005; Parrott 2010), and stands in oposition to
surface land surface homogeneity, which is typical for industrial land use.
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This study explores whether the selected paratmeters, quantified using open-
acess remote sensing data, can be used as a sufficient, flexible and comparable
meassure of ecosystem integrity quantification. Part of the approach is testing an
appropriate method of data aggreagtion, which would allow simple, yet informative
landscape assessment, which is most desired in conditions of limited personal and
material resources (CBD 2003).

2 Materials and Methods

2.1 Study Area

Protected Landscape Area (PLA) Ttebonsko is a site of significant natural value and
a biospherical reserve in southern Bohemia (49°0°0,62”N, 14°507,79”E, approx.
700 km?). It has been given the status of protected landscape area in 1979 and
acknowledgend as a biospherical reserve in 1977. Tteborisko is a lowland with over
400 lakes, primarily used for fish production. Besides fisheries, significant sectors
comprise forestry and agriculture. Despite being a protected area, Ttebonsko is a
completely man-made landscape created by draining extensive swamps and mires
during the middle ages. Tiebonisko has therefore a significant natural as well as
cultural and historical value.

2.2 Remote Sensing

Two sources of remote sensing data were utilized in the study: Landsat 8 (United
States Geological Survey) and Sentinel-2 (European Space Agency). Landsat 8 pro-
vides multispectral as well as thermal measurements in 30 m resolution, while
Sentinel-2 provides multispectral measurements only, but in considerably higher
resolution (10-20 m). Both instruments provide comparable meaurements of vege-
tation photosynthetic performance (Roy et al. 2014; Castaldi et al. 2016; van der
Werff and van der Meer 2016; Chrysafis et al. 2017).

Sentinel-2 (S-2) multi-spectral sensor is particularily suitable for assessing
vegetation photosynthetic characteristics using the the so-called “vegetation
indices” (Delegido et al. 2011; Krofcheck et al. 2016; Vincini et al. 2016). S-2 has
been successfully used in agriculture (Vincini et al. 2016; Immitzer et al. 2016),
forestry (Schumacher et al. 2016; Majasalmi and Rautiainen 2016), soil assessment
(Poggio and Gimona 2016) and geology (van der Werff and van der Meer 2016;
Castaldi et al. 2016; Forkuor et al. 2017).

Landsat 8 (L8) measurements have similar utility to S-2, but with lower spatial
(30 m for multi-spectral and 100 m for thermal) as well as temporal resolution
(there are two S-2 units—S2A and S2B with a 5 day revisit time at the equator; L8
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has a 16 day revisit time). Unlike S-2, L8 carries a thermal sensor (TIRS - Thermal
InfraRed Sensor) which is why the two satellites were combined to deliver a com-
plementary set of vegetation measurements.

2.3 Data Sources and Processing

The three selected indicators of ecological integrity (exergy capture, biotic water
flows and abiotic heterogenity) are represented by three respective variables:
Normalized Difference Vegetation Index (NDVI), at-satellite brightness tempera-
ture (BT) and vegetation surface heterogeneity (HG). NDVI and HG was derived
from S-2 images, while BT was obtained from LS.

2.3.1 Exergy Capture

The ecosystem exergy capture was represented using the variable NDVI. NDVI can
be calculated according to Eq. (1),

_ NIR-RED = Band8 - Band4
" NIR+RED  Band$+ Band4’

NDVI[-] (M

where NDVI is the Normalized Difference Vegetation Index, NIR is the reflectance
in near infrared (S-2 Band 8) and RED means reflectance in red part of the visible
spectrum (S-2 Band 4). It is a fairly straightforward estimate, closely related to
primary production (Xu et al. 2012).

2.3.2 Biotic Water Flows

We have used at-satellite brightness temperature, obtained from L8 Band 10, as a
representative of the indicator biotic water flows, following the Eq (2)

BT["C]= K—;{— 273,15, )

In—!
LA+1

where BT is at-satellite brightness temperature, LA represents the parameter Top Of
Atmosphere (TOA) spectral radiance [watts/(m? * srad * pm)] and K1 and K2 are
both band-specific thermal conversion constants obtained from the meta-data of
the image.
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BT was further converted from an absolute temperature to a range in °C (upper
and lower 2% were clipped to remove outliers) and inverted to represent the capac-
ity of vegetation to reduce surface temperature, without the information on seasonal
variation of temperature. The resulting variable is termed TD (Temperature
Difference) and is calculated using Eq. (3)

D] "C]=(~BT)+max BT, 3)

where TD is the variable temperature difference, which is obtained from BT (at-
satellite brightness temperature), calculated using Eq. (2)

2.3.3 Abiotic Heterogeneity

Vegetation surface heterogeneity (HG) was calculated using S-2 Band 4 and Band 8
and a DCED (Diagonal Compass Edge Detector) filter algorithm to quantifying
geometric and linear shapes. The algorhitm is an integral part of the dedicated soft-
ware for Sentinel missions—SNAP (ESA SNAP 2019). The respective calculation
was done using Eq (4)

#6[-]=(|[pcen(Nir)))-({[pcED(RED)) ), @)

which describes the calculation of the variable HG (vegetation surface heterogene-
ity). The DCED filter product from NIR (reflectance in near infrared, S-2 Band 8)
and RED (reflectance red part of the spectrum, S-2 Band 4) was used to create a
vegetation surface heterogeneity index by subtracting one product from the other. A
near-normal data distribution was obtained by square root transformation, to enable
comparison with the other two variables.

2.3.4 Data Sampling

The three variables were calculated for all available cloud-free images in the year
2017 and median values were sampled for individual land-use classes using the
QGIS software (zonal statistics plugin). Variables were sampled using a land cover
classification layer, which was specifically developed for the Czech republic
(Consolidated Layer of Ecosystems—CLE, Frélichova et al. 2014).
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2.3.5 Land-Use Integrity Estimation

In order to represent the temporal performance of each variable in the respective
land-use classes, an Area Under Curve (AUC) was calculated, quantifying the vol-
ume of space of a hypothetical square between two points in time. This approach
was selected as a simple method of data aggregation, representing the performance
of each land-use class within the selected year (2017). Equation (5) describes the
calculation of a single AUC between two measurements

AUC, = (%j*(m -x,), (5)

where y represents the measured value in time 7 and x represents the number of days
within a given year. An aggregated value for the whole year was calculated by add-
ing each of the AUCs according to Eq. (6)

AUszAUCt+AUC1+1+"'+AUC1+W ©)

t=0

where AUC is obtained by summing all of the indivitual AUC, in the selected year
2017. The resulting values obtained for each land-use class were normalized (range
0-1, upper and lower 2% were set to maximum to remove outlyers) and expressed
as percentage [0—100%]. The score 100% was therefore assigned to such land-use
class, according to the Consolidated layer of ecosystems, which had the highest
performance in the respective indicator.

2.3.6 Quantification of a Regional Integrity Index

An index of ecological integrity for each land-use class was obtained by averaging
the three ecological integrity variables (mean EI, expressed as %) and multiplied by
the fraction of area covered [0—1] to obtain an index of ecological integrity (IEI [%],
Fig. 1) representing the proportional contribution of the respective land-use class to
the overall integrity of the study area. Finally, an integrative Regional Index of
Ecological Integrity (RIEI [%], Fig. 1) was calculated by adding the individual
indexes (IEIs) for the individual land-use class.
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HG NDVI TD El % Area IEI

Beech forests 1.0% 1%
Floodland and wetland forests 1.9% 2%
Managed forests mixed 1.1% 1%
Natural bushes 1.2% 1%

Spruce forests 1.9%
Managed forests coniferous
Oak and hornbeam forests

Peat forests

Managed forests broadleaved
Rocks Rubble

Wetlands and riparian vegetation 72% 79% 77% 76% 1.7% 1%
Dry pine forests 45% 75% 2.2% 2%
Sport and nleisure surfaces 58% 74% _
Mesophilic meadows 69% 2.0% 1%
Non-natural bushes 66%

Urban greenery 65%

Aluvial and wet meadows 3.0%
Peat bogs and springs
Managed meadows
Continuous urban fabric
Dumps and construction sites
0.6%
3.3% 1%
14.2% 4%

Traffic infrastructure
Discontinuous urban fabric
Arable land

Rocks and Quarrys
Industrial and business units

67%

Fig.1 A table presenting the relative performance of the tested parameters for individual land-use
classes, the % of area covered, the average ecological integrity (EI) and integrity weighted by the
% of area covered by a land-use class (IEI—Index of Ecological Integrity). A sum of the IEIs is
used to calculate the final Index of Regional Ecological Integrity (RIEI). Variables representing EI
indicators: HG—Heterogeneity, NDVI—Normalized Difference Vegetation Index, TD—
Temperature Difference, were aggregated across the respective vegetation period (year 2017 in
PLA Tiebonsko)

3 Results

3.1 Ecological Integrity of Variable Land-Use

The resulting performance in terms of ecological integrity has been tested and
validated using a land-cover classification layer (CLE). Generally speaking, natural
and managed forests, followed by wetlands had the highest performance in all three
parameters. On the other hand, arable lands and urban areas (e.g. mineral extraction
sites, sparsely vegetated areas) received the lowest values in all three EI variables
(see Fig. 1).
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3.2 Comparison of the Selected Variables

From a general perspective, forests, wetlands and grasslands have received the
highest values in all of the three selected variables, while sparsely vegetated or
urban areas have received te lowest. Figure 2 presents the composite result of the
three variables, obtained by normalization and averaging. This method can be used
to evaluate and detect areas of high ecosystem integrity. Areas which have received
the highest values are already acknowledged under some form of protection (AOPK
2019), or comprise highly productive forests (personal communication with
representatives of the nature conservation agency). A focus on a highly valuable
wetland known as “Novofecké mocély” is included in the figure to demonstrate the
performance of the composite EI index in detail. The subject wetland vegetation has
received an overall highest EI score, while the nearby clearcuts (red geometric
objects) have received relatively low score. This example demonstrates the capacity
of the three variables and their composite index to produce a gradient between
highly self-organized and disturbed land cover.

Table 1 presents the results of a Spearman’s correlation test to demonstrate the
relationship between the individual variables. NDVI and TD were the most tightly
correlated pair, while TD and HG were the least correlated.

I
00081L¥S
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Fig. 2 A product of normalization and averaging of the three selected variables (NDVI, TD, HG)
in the whole study area PLA Ttebonisko and a focus of a selected site of interest—a highly valuable
wetland “Novotecké mocaly.” The images used were sensed on 13.6.2017 (S-2) and 20.6.2017
(L8) and produced in 10 m resolution. Blue colour represents high integrity (dense vegetation, for-
est cover) while red highlights low integrity areas (urban, disturbed or harvested ecosystem). EI
stands for ecological integrity
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Table 1 Results of a correlation test between the four variables, using the Spearman’s
correlation method

NDVI TD HG
NDVI * 0.47 0.41
TD 0.47 * 0.29
HG 0.41 0.29 *

All correlations were significant (p-value < 2.2:xe7'6). Images analysed were sensed on 13.6. (S-2;
HG, NDVI) and 20.6. 2017 (L8; TD)

4 Discussion

4.1 Indicator Design

The aim of this study was to design and validate suitable variables to represent a set
of selected ecological integrity indicators. Second part of the study was the design
of an appropriate aggregation method with the aim to provide a relative quantifica-
tion of individual land-use types as well as the overall performance of the selected
region. Although the three tested variables are not new in landscape assessment
(Schneider and Kay 1994; Xu et al. 2012; Parrott 2010; Maes et al. 2011; Vargas
et al. 2017), the approach to use them in combination is novel.

The correlation test in Table 1. indicates, that the selected variables are related
and we assume they describe three different aspects of a single phenomenon, which
is self-organization. The initial goal of the selected variables was to provide a means
of differentiation between anthropogenic land-use and natural ecosystems and this
was achieved. Additional parameters can be used to further supplement the current
set. These comprise for e.g. vegetation respiration, gross and net primary produc-
tion, biotic heterogeneity (biodiversity), standing biomass and ecosystem nutrient
accumulation capacity, although more potential variables exist (Miiller 2005;
Rocchini et al. 2018).

4.2 Limitations of the Method

The presented approach to produce is based on several assumptions. Firstly, the
indexes for individual land-use classes represent an interval, not an absolute value.
Their relative performance in the context of the selected case sutudy area is deter-
mined by the respective regional highest and lowest performing land-use type, serv-
ing as a reference for both extremes. This means, that the result is always dependent
on an appropriate site selection method, which should be large enough to contain
sufficient anthropogenic as well as natural references (municipalities, countries,
federal states). An obvious objection to the approach would be, that the results will
always be dependent on the specific site selection and are thus not fully comparable
among different case study areas. To defend the presented method, it can be said
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that in the first instance, the variables are usable to detect ecological integrity even
without normalization. Normalizations within specific land-use classes have been
used mainly to validate the variables with respect to their capacity to differentiate
natural from anthropogenic land use types. The relative indexes, including the
resulting RIEI, are suitable for comparison between different regions; their interpre-
tation has to take into consideration the specifics and limitations of the aggrega-
tion method.

5 Conclusions

Three variables representing three ecological integrity indicators have been designed
based on open-acess remote sensing data and validated using a land-cover layer
(CLE). Valuable areas from the point of view of nature conservation as well as eco-
system management can be highlighted using the proposed variables, along with
areas of low value and disturbed areas. A method of aggregation is proposed, quan-
tifying the relative distance of a land-use class from a regional maximum and mini-
mum to provide a method of land-use integrity evaluation and quantification. A
composite Regional Index of Ecological Integrity (RIEI) has been designed and
quantified to provide an estimation of the overall regional integrity and it’s distance
from a hypothetical top and bottom state.
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Introduction

The current global trend of urbanization and urban sprawl creates concerns for human
well-being in urban areas (Seto et al. 2017). As the number of people living in densely
built-up areas increases, the quality of life in cities becomes more dependent on urban
and peri-urban ecosystems (Depietri et al. 2016). In Europe, about 75% of the popula-
tion already lives in urban areas, and this trend will continue to rise (UN 2015). Peri-
urban zones form a transition from an urban, built-up environment to open landscape
and therefore contain elements of both systems (Periurban Parks 2012).

As a specific sociological phenomenon, peri-urban space has been the target of many
debates whilst trying to describe its unique nature and social characteristics (Damon,
Marchal, and Stébé 2016). For instance, it can be seen as a “third space” or a space “in
between”, pointing to the fact that it lacks the qualities of both urban and rural spaces.
Another view emphasizes the distortion of the rural environment due to the increasing
number of neo-rural inhabitants (newcomers), affecting the traditions of the original
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rural space. Furthermore, these spaces might be characterized by the transformation of
green space into road infrastructure and other built-up areas (Damon, Marchal, and
Stébé 2016). The multifunctional aspect of peri-urban space might also complicate local
planning in regards to the variety of land-uses and on the other hand presents a viable
ground for the sustainable development of these areas (Beilin, Reichelt, and
Sysak 2015).

The flood plain character of our peri-urban study area displays an additional chal-
lenge, flood risk management, which might impede finding solutions for the sustain-
able management and governance of these areas (see also Barbedo et al. 2015). The
main function of a peri-urban floodplain is as an inundation area in the case of
floods, but it also offers other important possibilities for land use, such as agriculture,
recreation or environmental education. With the aim to integrate various peri-urban
land-uses while respecting the basic pillars of sustainable development (social, eco-
nomic, environmental), several peri-urban parks across European cities have been
established, representing a unique tool for the integrated management and develop-
ment of peri-urban landscapes (Periurban Parks 2012). These institutions (peri-urban
parks) share several specific traits: (a) strong social legitimization; (b) mechanisms for
institutional collaboration; (c) participative and collaborative processes (Periurban
Parks 2012). In order to establish a peri-urban park, the need arises to bring together
various stakeholders (both local and citywide) and develop and design shared govern-
ance and institutional settings (Frantzeskaki and Kabisch 2016). In this paper, we
argue that mapping and describing these actors and their attitudes towards the peri-
urban area as well as to each other brings important information to peri-urban park
planning, e.g., to help design and give momentum to participative and collabora-
tive processes.

Several approaches exist on mapping stakeholder attitudes as part of the stakeholder
analysis process (Bryson 2004). Stakeholder attitudes can be added as an extra dimen-
sion to interest/influence matrices (Eden and Ackermann 1998), be transformed into
metaphors of organizations (Hussain and Hafeez 2008) or be linked to values in the
context of social-psychological theory (McFarlane and Boxall 2000). Some studies use
semi-quantitative approach, such as Q-methodology (Vugteveen et al. 2010) or fuzzy
cognitive mapping (Kermagoret et al. 2016), to elicit stakeholder perceptions on a spe-
cific topic. Our study is based on pragmatic sociology tools as a specific approach to
analyze and map stakeholder attitudes (Boltanski and Thévenot 1999). We suggest that
this approach can extract more in depth qualitative data based on stakeholders™ value
regimes and thus highlight different aspects compared to other conventional analyses
(e.g., interest/influence matrices). In analyzing stakeholder preferences, qualitative
research is highly appropriate and provides valuable data with a relatively high
“resolution” from stakeholder groups to individual actors (Jacobs and Schwartz 1979).
We combined qualitative surveys and elements of participatory mapping to explore and
visualize any patterns regarding stakeholder attitudes.

The aim of research was to provide structured information about “social terrain™' in
the area to planners and decision-makers wanting to establish a peri-urban park. We
presumed that peri-urban park planning would benefit from understanding different
attitudes and narratives originating in different “value regimes” (see Section “Qualitative
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Analysis and Theoretical Background”) on which stakeholders build their arguments.
To support the process of peri-urban park planning, we produced schematic maps that
described places of interest and conflict, communication patterns and place related value
regimes with respect to key stakeholders in the area.

Methodology

We used several different methods, including consultations with a “gatekeeper”, snow-
ball sampling of key stakeholders, semi-structured interviews with pre-set open ques-
tions and a participatory mapping exercise.

Study Area

The research area is located in the southern part of Prague and consists of a river flood-
plain and surrounding land at the confluence of the Berounka and Vltava rivers
(Confluence). Its total area is approx. 1,000 ha and is administratively divided between
four Prague city districts (Lipence, Radotin, Velkd Chuchle, Zbraslav) and one small
town (Cernosice). Besides fragmented administration, the area also has a highly frag-
mented land-ownership structure. Most of the territory is characterized as a protective
inundation area.

The idea to establish a peri-urban park was officially initiated by the Prague Institute
of Planning and Development (PIPD) in the strategic document Concept of Prague’s
Riversides (2014). According to the vision presented in this document, the peri-urban
park should be defined by landscape characteristics rather than administrative borders.
Furthermore, it should have its own management and governing body that aims at a
shared vision of developing the environmental, social and economic potential of the
area. In this context, the future peri-urban park is understood as a local shared govern-
ance tool.

Stakeholder Analysis

For stakeholder analysis, we developed a sampling protocol aimed at reaching a bal-
anced set of key actors differentiated into local and citywide categories. The group of
citywide stakeholders included governance or administration bodies with regional or
national competence. The group of local stakeholders included representatives of munic-
ipalities, economic subjects, land owners, civic associations and other organized locals.
Table 1 presents an overview of stakeholder groups, number of interviews and brief
descriptions.

The initial set of relevant stakeholders was introduced by a representative of PIPD,
who is also referred to as the gatekeeper. Generally, a gatekeeper provides initial insight
into the social terrain, and we believed that this representative could also be a valuable
source of information about a wide range of stakeholders (Hammersley and Atkinson
1995). We initially identified 125 local and 37 citywide stakeholders. These were divided
into four groups according to their relationship to the study area. The total number of
interviews was 37. Potential respondents were contacted by email, and those who did
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Table 1. Overview of stakeholder groups, number of interviews and brief descriptions.

Stakeholder type Stakeholder group Number of interviews Description
Local actors Local governments and 9 City districts within boundaries of the study
authorities area - Lipence, Radotin, Velka Chuchle,
Zbraslav; town of Cernosice
Civic associations and other 9 Leisure, cultural, nature and sporting clubs,
organized groups local civic associations, civic initiative and
local newspaper
Economic subjects, land 8 Golf club, Market hall, land owners, stone
owners, recreation quarry and sand-gravel extraction

company, Czech Union of Allotment and
Leisure Gardeners
Citywide actors  City of Prague, state and 1 City of Prague, ministries of regional
regional administration development, environment, transport,
nature conservation agency, water research
institute, river basin authority, river
transport authority, municipal police

not respond were later contacted via phone. Stakeholder selection reflected their relative
importance in the social terrain regarding their ability to influence the study area.
However, the selection was significantly influenced by the gatekeeper.

Data Collection and Analysis

Data were collected during a wider socio-economic study on the potential Confluence
peri-urban park, commissioned by the PIPD. The research was based on qualitative
semi-structured interviews. In order to obtain a comprehensive overview of stakeholder
attitudes towards the study area and map their mutual interactions and communication
patterns, we developed a detailed interview protocol. The protocol was based on the fol-
lowing framework questions:

a.  What are the main places of interest and conflict?

b. How do stakeholders (mutually) communicate and cooperate and what is the
quality of these interactions?

c.  What are the (shared) values stakeholders perceive and how do they relate to the
specific places of interest or conflict in the study area?

Data from interviews were primarily used for further analysis, but also to identify
other relevant stakeholders (snowball mapping method, Bieranacki and Waldorf 1981).
Interviews were conducted in October and November 2016, mostly at the respondent’s
place of work or home, at a cafeteria or in our research office. There was no set min-
imum number of respondents, but the aim was to conduct interviews to the point when
no new information came from the same stakeholder group, i.e., the information
obtained was saturated (Strauss and Corbin 1990). At the beginning of the interview,
respondents were asked to sign informed consent regarding anonymity, and an audio
recording for further analysis was also made.

Interviews (or notes when no recording was made) were transcribed for analysis and
coded into key topics using the software Atlas.ti (atlasticom). The main topics were
identified using quotes from transcripts, which were then coded with a set of keywords.



SOCIETY & NATURAL RESOURCES @ 5

Table 2. Orders of worth in the theoretical framework, adapted from Thévenot, Moody, and
Lafaye 2000.

oow Description/characteristic of judgements

Civic Relates to efforts for good governance when describing one’s own activities, critique of
inefficient public service, describing methods of public service, etc. Relating to these
values makes sense in a system of functional representative democracy and relates to
good public open policy.

Domestic Home-related values, place-based values, community importance, historical reference,
protection of traditions. When newcomers respect shared values, they become legitimate
members of society.

Green “Green” values represent arguments about the intrinsic value of nature. Nature is a
powerful and unpredictable actor to be respected.

Market Market and financial values. Profit has its own significant value.

Industrial Technical efficiency, professional planning and expertise, long-term growth. Not limited to
industrial or economic sectors.

Fame The extent of public knowledge or fame itself.

Inspiration Inspiration, passion and emotion often point to the singularity or creativity of a person,

object or action which is the source of inspiration.

Recurring keywords then helped the saturation effect to be seen (Strauss and
Corbin 1990).

Qualitative Analysis and Theoretical Background

We used the orders of worth model (OOW) of the most commonly occurring value
regimes to classify stakeholder attitudes towards the past, present and future of the area.
These represent systems of justification of one’s truth or right to a certain claim, which
is a model presented in Boltanski and Thévenot (1999) and also known as the
“sociology of critical capacity” or pragmatic sociology (Boltanski and Thévenot 2006;
Susen 2017).

Here, we understand actors sharing the values of a “common good” and building
their arguments according to these values (Boltanski and Thévenot 2006).
Understanding that even opponents (opinions) use arguments based on the same values
allows the sides of each dispute to step aside from individual attitudes, which may be
helpful in reaching a consensus or compromise. An example might be a real estate
developer and local residents, who are both afraid they will lose money on their prop-
erty. They oppose each other, but build their argument on the same value - money.
Boltanski and Thévenot (1999) suggested the following modes of evaluating reality,
which correspond to the basic set of six OOW: market competition, industrial effi-
ciency, fame, civic solidarity, domestic trust and inspiration. Later, Thévenot added
ecology as a new OOW into the existing moral ordering (Thévenot, Moody, and Lafaye
2000; Blok 2013). As our study area comprises semi-natural, peri-urban landscape, we
expected a considerable amount of “green” notions and references to the natural world
and therefore decided to use this theoretical extension for our purposes. A general
description of all seven OOWs is presented in Table 2. It is also important to mention
that the list of seven OOWs is not finite and new OOWs may emerge (Thévenot,
Moody, and Lafaye 2000; Centemeri 2015).

In this article, OOWSs represent the shared values of a commonly accepted concept of
“collective good” or legitimate argument (Boltanski and Thévenot 1999). Our case study
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was a perfect example of the grammar of plural OOWs, as the environment in which
they were presented is a forum of the public trying to obtain a common definition of
shared justice, to be able to work together. This way of arguing within a plural value
regime is specifically geared to finding a compromise in a formal public forum, so that
even the good of a familiar environment or the good of planned individual choices
need to be translated into shared OOW and presented to the public as something that
can be shared and thus strived for by the whole (Gajdo$ and Raposova 2018).

The dispute process means that actors attempt to justify their claims. Participants of
a dispute can choose to step aside from their previous, rigid position to meet in a
shared space of meaning and formulate a common interpretation of the object (a place
of interest or conflict) and reach a compromise, provided they succeed in translating
their personal concerns into a shared interest in the common good (Gajdos and
Raposova 2018). This translation of particular interests into the language of four com-
mon goods (OOWs), as part of coding within the qualitative analysis process, is what
we tried to do in order to provide an external arbiter with a “dictionary” by which dif-
ferent stakeholders could be approached and involved in discussion based on shared
language and value regimes.

Based on the theory of pragmatic sociology (Boltanski and Thévenot 1999), we
extracted the initial list of seven OOWSs (Table 2). For the purpose of presenting the
idea of a shared good, we have selected 4 most occurring and therefore most relevant
OOWs (Domestic, Civic, Market and Green) in order to capture the specific social-
economic interactions in the study area.

Mapping

Based on a qualitative analysis, we produced three types of maps to facilitate the visual-
ization and communication of results: a) physical places of interest and conflict; b) com-
munication between stakeholders; and c¢) distribution of value regimes (OOWs) in the
study area. The relative importance and selection of objects to be mapped was decided
using a content analysis method (Weber 1990; Hsieh and Shannon 2005), specifically
according to frequency and the significance expressed by survey participants.

During the interviews, we used a participatory mapping method with a blind map,
which helped respondents navigate the subject area and specify the geographical context
of certain topics (Lynam et al. 2007). The outcome participatory maps then provided
useful data for mapping spatial distribution and the positions of places of interest and
conflict and related stakeholder values.

The “places of interest and conflict” map (Fig. S2 in the supplementary material)
was created according to the frequency and significance of statements referring to
certain places (locations) in the study area. These included places of existing or
potential conflict related to planned or ongoing activities as well as places with the
potential for development corresponding to places already disputed or agreed on. A
similar approach was taken when classifying communication patterns between stake-
holders. Statements which mentioned cooperation or communication with other
stakeholders were collected, and the quality of the relationship was classified as
either good, ambivalent or problematic (communication ceased) (Fig. Sl in the
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Figure 1. Map of place-related shared value regimes.

supplementary material). The value regimes map was created based on place-based
statements, which contained justifications according to the four pre-defined value
regimes (Figure 1). Special care was given to places of overlap between the different
classes of values, which suggested a potential for either conflict or synergy according
to the different value judgements.
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Figure 2. (a) Comparison of four stakeholder groups and their OOWs; (b) Selected stakeholders and
their OOWs.

Results
Stakeholders and Their Value Regimes

In order to explore the general differences between the main stakeholder groups accord-
ing to their value regimes, we compared the relative frequency of the four selected
OOWs mentioned by the four main stakeholder groups (Figure 2a). The results show
that the citywide actors argued mostly with civic values. By contrast, the group of eco-
nomic subjects and land owners used civic values as justification the least and market
values the most.

Figure 2b shows the relative frequencies of four OOWs for three selected actors.
Drawing on the results from the communication analysis (see Section “Relationships
and Communication Analysis”), two local governments and one civic association were
selected to represent a significant dispute over a major economic enterprise in the area
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(sand-gravel mining). The results showed that the civic association had a similar profile
to the representatives of one of the municipalities (Local Gov. 1; Figure 2b), especially
in terms of green arguments. The stronger emphasis of the other local government
(Local Gov. 2) on civic values in contrast to green values reflected a more consensual
position between the protection of nature and economic development.

Shared Values

The shared values map translates stakeholder statements into value frameworks that
refer to specific places of interest or conflict in the study area. After establishing four
coding categories (OOW: Civic, Domestic, Green and Market), stakeholder statements
were classified into the following categories to reflect their value preference: market
value, civic value, domestic (home) value and nature value. Figure 1 shows a map of
place-related shared value regimes, where each value corresponds to the relevant geo-
graphic area assessed by the actors according to the four aforementioned OOWs. The
map should be seen as an attempt to visually express conflicting situational assessments
and illustrates the different shared values traceable to stakeholder claims in their view
of the area’s past, present and future.

Additional description of the key in Figure 1 is presented in the
supplementary material.

Relationships and Communication Analysis

The relationships and communication map (see Fig. S1 in the supplementary material)
visually describes the quality of interaction between actors of the same group (e.g., local
government — local government) as well as the interaction between different actors (e.g.,
civic associations - land owners). The actors represent selected local stakeholders from
all three groups of local actors: (a) local governments, (b) civic associations and (c) eco-
nomic subjects, land owners. Attention was given to the manner in which these actors
described each other and their mutual interaction. In a few cases, the actors described
difficulties when formulating a common vision of the study area with a certain group
or individuals, which often manifested as a cease in communication. These were
classified as problematic relationships. More frequently, the actors described certain
conflicts or ambiguities which prevented a solution to a specific issue being reached.
These relationships were classified as ambivalent. In most cases, the actors manifested a
strong inclination towards each other, which generally led to successful cooperation.
These were marked as good relationships. A special graphic (dashed line) was used to
depict relationships in which actors did not communicate or communicated
insufficiently.

Main Places of Interest and Conflict

We identified 15 main places of interest and conflict which reflected the most frequently
appearing narrative topics related to a specific location in the area, and created a spatial
visualization (see Fig. S2 in the supplementary material).


https://doi.org/10.1080/08941920.2019.1688440
https://doi.org/10.1080/08941920.2019.1688440
https://doi.org/10.1080/08941920.2019.1688440
https://doi.org/10.1080/08941920.2019.1688440
https://doi.org/10.1080/08941920.2019.1688440

10 @ J. DANEK ET AL.

Discussion

We played an indirect, temporary and independent role in the process of planning the
peri-urban park and we did not take part in any negotiations. When we went into con-
tact with stakeholders, we always presented ourselves as independent researchers work-
ing on a contract research for PIPD, so we could get as much information as possible
without being assigned to any local interest or party in the area. However, it is import-
ant to mention that we did not go into a new, blank field. Even though we intended
not to use the words “peri-urban park” during interviews, most of the respondents
identified the context of the Confluence peri-urban park, as some activities related to
the planning of the peri-urban park in previous years had already been initiated by the
PIPD (the memorandum as an official statement of local governments, workshops, etc.).
Therefore, the analysis presented in this article rather complemented other related ini-
tiatives of establishing the peri-urban park. We also acknowledge limitations of our
stakeholder selection process, which was significantly influenced by the gatekeeper.
Therefore, it does not fully represent all groups of actors neither is fully inclusive as dis-
cussed by Cheyns (2011).

The pragmatic sociology approach suggests that the topic of crisis can be seen as dis-
agreement between actors on a common interpretation of the subject matter of dispute
(Gajdos and Raposova 2018); in our case, land administration or land-use, but also in
the definition of other partial conflicts concerning the area, e.g., sand-gravel mining.
This disagreement may result in the inability to further cooperate. If the actors share
(evaluative) judgements of a situation, cooperation is possible (Centemeri 2015). This is
not viewed as a problem between different social groups, but as a problem of the vari-
ous OOWs in which participants legitimize their claims as true.

Drawing on the results of our analysis, several recommendations on how to approach
various stakeholders can be suggested. We found that different OOWs correlate with
different opinions on key places of interest and conflict (Figure 2b). Local Gov. 1 con-
sisted of representatives who had won municipal elections by highlighting green values
over industrial development. It is the voice of a certain, strong group in the area, not
only isolated individuals. Most of the other civic associations have good relations to this
“green” local government, which would also be reflected in their value judgements. The
best way to approach this group is to rely on arguments highlighting nature and land-
scape protection. Conversely, Local Gov. 2 stressed the need to follow the law and the
restrictions set by the City of Prague but also maintain some level of development in
order to be in good relations with local entrepreneurs, provide jobs, recreation, etc. This
group would best be approached using arguments concerning legislation as well as argu-
ments to do with profit, employment and sound management of the area.

Richard-Ferroudji and Barreteau (2012) used an experimental role playing game with
use of a pragmatic sociology approach to explore a process of collective discussions
about water issues, providing useful input for collaborative management planning. In
line with our results, applied research using the pragmatic sociology approach can bring
a value regime based understanding of human attitudes towards a specific topic (in our
case the peri-urban area), which can further support planning and decision-making
processes. We have specifically used the OOW model to represent selected value
regimes based on pragmatic sociology, but there are also other approaches to discover
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various value realms (Schwartz 2012). All three maps developed during the research
were presented to stakeholders at the workshop for development of the Confluence
peri-urban park in November 2016 in Prague. During the workshop, some participants
who were rather stubborn at the start later acknowledged the possibility of making com-
promises. The maps definitely helped establish the tone of discussion at the workshops,
as differing viewpoints and arguments presented in the debate could be categorized and
scrutinized. However, the visual tools provided should be seen as the result of qualita-
tive research and therefore should be always complemented with appropriate back-
ground information, quotations etc., as we did at the workshop. The scope of our
research and our limited role in the process of planning the peri-urban park did not
allow us to empirically test and assess all potential effects of using the visual tools in
negotiations with stakeholders. Further research could help to understand how are such
visual tools able to change perspective of stakeholders, i.e., the mechanisms behind the
ability to reframe an issue from controversial to consensual.

Conclusion

Our findings make a contribution to the emerging phenomena of peri-urban parks and
their planning as well as to a range of applied research based on pragmatic sociology.
Mapping and visualizing stakeholder attitudes, values and communication patterns as
part of stakeholder analysis can bring important information about problems that could
and should be addressed (Eden and Ackermann 1998; Bryson 2004). The utility of
qualitative sociology analysis lies in clearly interpreting the causes of dispute and its
ability to discover and highlight good practices that are already functioning on a small
scale (e.g., horse breeding and small scale farming, which reflects the local natural and
cultural heritage landscapes). The provided maps can help visualize social phenomena,
such as topics of conflict or the relationships in this complex social-ecological system.
The results of this research have already provided important data for planning the
Confluence peri-urban park.

We suggest that exploring communication patterns and values behind every reasoning
can facilitate the process of planning a peri-urban park. The knowledge of various atti-
tudes can ultimately help formulate a common ground for a compromise-oriented
debate for all stakeholders involved and lead towards a suitable form of shared govern-
ance (Periurban Parks 2012). By using the results of this research, planners and deci-
sion-makers were provided with a structured perspective of involved actors, especially
in relation to four domains of value regimes - civic, domestic, market and green
OOWs. Generally, such analysis of values and relationships can serve as a unique “fit
for purpose” tool when helping to identify common ground in a traditionally frag-
mented area from both governance and land ownership perspectives.

Note
1. We use the term “social terrain” as a self-explanatory concept bridging social relationships
with physical dimension of the study area (Banaji and Gelman 2013).
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Hodnoceni a mapovani krajinnych hodnot
v navaznosti na ekosystémovou integritu
regionu CHKO Trebonsko

Jakub Zeleny (2022)
Pripravovana studie
Abstrakt:

Kvalitativni hodnoceni a mapovani krajinnych hodnot predstavuje cenny prostiedek identifikace zajmt
v krajiné¢ a jejich vazby na fyzické krajinné prvky. Tato prace aplikuje metodu hloubkovych
kvalitativnich rozhovort a kvalitativni mapovani s cilem identifikovat a lokalizovat krajinné hodnoty
vybranych zastupcti zdjmovych skupin v studované oblasti CHKO Tiebonsko. Vysledna zjisténi jsou
analyzovana kvalitativni analyzou obsahu a nasledné vizualizovana v prostiedi GIS. Polygonové vrstvy
krajinnych hodnot jsou porovnany s vyznamnymi lokalitami v krajin€ a nasledné prolozeny s vrstvou
indikatoru ekosystémové integrity, ziskaného analyzou dat z dalkového prizkumu Zemé (Zeleny et al.,
2021). Vysledkem je prostorova distribuce hodnot, prficemz nejhodnotnéjsi lokality se nachazeji kolem
kulturnich center, patefni infrastruktury a pfirodnich a hospodaisky vyznamnych mist. Bezzdsahové a
odlehlé oblasti s vysokou ekosystémovou integritou a jednoucelové hospodarské oblasti (napt. orna
puda) s nizkou ekosystémovou hodnotu byly nejméné hodnotné, zatimco oblasti dobfe dostupné a s
vysokou ekosystémovou integritou byly hodnoceny nejlépe. Vysledky poskytuji informace o distribuci
krajinnych vyznami pro krajinné planovani a dalsi poznatky o interakci mezi ekosystémy a percepci
obyvatel.
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1 Uvod

Krajinna ekologie je Casto studovana z hlediska popisu dynamickych vztahl mezi ekosystémovymi
sluzbami a lidskym blahobytem (Wu, 2013). Hlavni vyzvou v krajinné ekologii je otazka spravného
porozumeéni toho, jak spolu interaguji krajinné prvky, ekosystémové sluzby a subjektivné vnimané
krajinné hodnoty (Pastur et al., 2016; Musacchio, 2013). Mnozstvi a kvalita ekosystémovych sluzeb
zavisi na stavu ekosystému, ktery lze vyjadfit pomoci konceptu ekosystémové integrity, zdravi nebo
kondice (Roche a Champagne, 2017). Na druhé strané stoji ekosystémové sluzby, které jsou z Casti
ur¢ovany kognitivni schopnosti lidi rozpoznat, vyhodnotit a vyuzit konkrétni ,,ptinos®, ktery krajina
miize poskytnout (Young et al., 2006).

Zpisob, jakym lidé zavisi na krajin€ a co v ni délaji urcuje, které ekosystémy jsou cenné a jak (Zube,
1987). Hodnoceni biodiversity a ekosystémil jsou v literatufe velmi Cetna; studie popisujici, jak se lidé
vztahuji k biodiversité a jak ji rozumi je pomalu (Bernardo et al., 2021; Bele a Chakradeo, 2021).
Pritomnost biodiversity je dle studii ¢asto asociovana s percepci estetiky a rekrea¢ni hodnotou mista
(Gunnarsson et al., 2017), pficemz nékteré studie poukazuji na souvislost mist s vysokou biodiversitou
s psychologickou pohodou a zdravim (Lee et al., 2014). Hodnoceni percepce krajiny ma vyznam i
z hlediska rozhodovani a krajinném planovani, zejména s ohledem na predchazeni moznych konfliktii
z4jmu (Biedenweg et al., 2018). K tomu jsou vSak nezbytné praktické védecké nastroje a metody, které
jsou schopny poskytnout komplexni analyzu krajinnych hodnot (Sherrouse et al., 2011; Klain a Chan,
2012; Brown a Kyttéd, 2013; Sherrouse et al., 2014). Zaroven je tieba brat v uvahu, Ze v ochrang prirody
Casto neni dostatek finan¢nich a lidskych rezerv, a proto levné a nenaro¢né pristupy predstavuji klicovy
zpusob, jak takové metody zpfistupnit.

Tato studie navrhuje a hodnoti metodicky pfistup, ktery kombinuje kvalitativni obsahovou analyzu a
kvalitativni mapovani. Jedna se o samostatnou metodickou slozku, vhodnou k identifikaci oblasti
socialni a environmentalni hodnoty a moznych kompromisti mezi zajmy. Je navrzen tak, aby fungoval
jako soucast komplementarniho ptistupu zaloZzeného na biofyzikalnich métfenich pomoci dalkového
prizkumu Zemé (Zeleny et al., 2021) a prostorové analyzy v Geografickém Informacnim Systému
(GIS). V této studii jsou uvedeny vysledky kvalitativniho mapovaciho prizkumu a porovnavany a
diskutovany vztahy mezi kvalitativnimi a biofyzikalnimi vystupy. Logika predkladaného piistupu stoji
na predpokladu, ze biofyzikalni zaklad (ekosystémy) urcuje potencial produkovat cenné ekosystémoveé
benefity (ekosystémové sluzby a nasledné subjektivni hodnoty krajiny; Haines-Young a Potchin, 2012;
Zeleny et al., 2020).

1.1 Ekosystemy a lidsky blahobyt

V socialné-ekologickych interakcich dochdzi k prekryvu a interakci mezi ekologickou a antropogenni
slozkou, pfic¢emz kvalita a udrzitelnost této interakce je podminkou poskytovani lidského blahobytu
(Wu, 2013). Antropogenni slozka je dale tvoiena, kromé technické infrastruktury, také spolecensky
sdilenym systémem symbolti a vyznami, tedy kulturou. Ve védecké literatufe je k popisu socio-
ekologickych interakci hojné vyuzivan koncept ekosystémovych sluzeb (de Groot et al., 2002; Gomez-
Baggethun et al., 2010; Haines-Young a Potchin, 2012; Costanza et al., 2017)

Ekosystémovou integritu Ize chapat jako schopnost komunit organismti zachytavat a uchovavat externi
zdroje energie, pohanét vnitini cirkulaci vody, energie a hmoty a odolavat disturbanci nebo se po ni
zotavit (Schenider a Kay, 1993; Miiller et al., 2000; Miiller, 2005; Kandziora et al., 2013). Definice
ckosystémové integrity pro ucely této prace zni: ,,..stupen samo-organizace, kterd je regulovana riznymi
abiotickymi vstupy a limity a antropogennim hospodarenim* (Zeleny et al., 2021). V praxi integrita
napt. lesa urcuje, kolik dfeva miize vyprodukovat, kolik vody dokéze zachytit nebo kolik vody vypaii
béhem horkého dne. Ekosystémova integrita urCuje schopnost ekosystému poskytovat ekosystémoveé



sluzby lidstvu, a zahrnuje ptinosy jako globalni regulace klimatu, zadrzovani vody nebo poskytovani
ekosystémovych funkci, nutnych pro produkcei potravin (Kandziora et al., 2013; Zeleny et al., 2020).

Koncept ekosystémovych sluzeb byl Casto pouzivan jako most mezi biofyzikalnimi vlastnostmi
ekosystému a specifickymi aspekty lidského blahobytu (Gémez-Baggethun et al., 2010; Burkhard et al.,
2010; Haines-Young a Potchin, 2012; Zeleny et al., 2020). V ramci konceptu ekosystémovych sluzeb
se ustalilo rozdéleni na Ctyfi typy pfinost pfirody: produkéni (hmotné statky, napi. dievo nebo
potraviny), regulacni (napf. €isténi vody nebo sekvestrace uhliku), podptrné (ekologické funkce, které
podminuji vSechny ostatni sluzby) a kulturni (nehmotné ptinosy ptirody, napt. duchovni nebo estetické
obohaceni; napt. de Groot et al., 2002). Ekosystémové sluzby jsou pro ucely této prace definovany jako
e DFISpEVEY ekosystéemovych struktur a funkci — v kombinaci abiotickymi a/nebo antropogennimi
vstupy — k lidskemu blahobytu.

Hodnoceni kulturnich ekosystémovych sluzeb byla dosud vétSinou omezena na ekonomické a Casto
penézni odhady rekreacnich funkci krajiny (Klain a Chan, 2012; Goémez-Baggethun et al., 2010;
Costanza et al., 2017). Neékteti autofi tvrdi, Ze penézni nebo biofyzikalni metody hodnoceni
ekosystémovych sluzeb nekoresponduje s vnimanim ptinost krajiny lidmi (Chan et al., 2012; Jax et al.,
2013; Chan et al., 2016). Rostouci pocet studii ukazuje, Ze kulturni a hodnotovy rozmér ekosystémovych
sluzeb hraje ve skutecnosti hlavni roli ve srovnani s ekonomickym nebo biofyzikalnim, a ze kvalitativni
pfistupy by mély byt v ramci vyzkumu vnimani krajinnych celkli pouzivany mnohem cast¢ji (Chan et
al. 2012, 2014; Musacchio, 2013). Mimopenézni, kvalitativni piistupy se v krajinné ekologii stavaji
prominentnimi, pokud jsou hodnoty a sluzby povazovany za mistné a kontextualné zakotvené (Haines-
Young a Potchin, 2012), a kdyZ jsou krajiny chépany jako subjektivné a kolektivné konstruované
(Arriaza et al., 2004; Terkenli et al., 2019).

1.2 Krajinné hodnoty

Artikulace a reprezentace environmentalnich hodnot je obecné povazovana za uziteCny nastroj pro
podporu rozhodovani v krajinném planovani, ochrané pfirody a managementu pfirodnich zdroji (Ives a
Kendal, 2014; Jarvis et al., 2016; Hejnowicz et al., 2017; Tadaki et al., 2017). Vzhledem k tomu, Ze
socialné-ekologické interakce v krajiné vykazuji obrovskou sloZitost, zahrnuti nékolika riznych
pristupti v rozhodovani je klicové. Tehdy jsou mistni a domorodi lidé zdsadnim zdrojem informaci, které
je tfeba zohlednit, aby mohlo byt dosazeno vefejné€ pfijatelnych rozhodnuti, reprezentujicich a
respektujicich rozmanitost zajmi a hodnot zicCastnénych stran (Palomo a Montes, 2011; Manuel-
Navarrete, 2015; Gray et al., 2018; Manuel-Navarrete et al., 2021).

Zmapovanim hodnot v pocatecnich fazich krajinného planovani lze predejit moznym konfliktim mezi
riznymi socialnimi skupinami (Jarvis et al., 2016). Artikulace hodnot nabizi ptilezitost spole¢né
diskutovat o jinak implicitnich postojich a ptfipadn€¢ dosdhnout posunu ve vefejném postoji diky
kolektivnimu porozumeéni rozmanitosti perspektiv a potieb aktérti (Kenter et al., 2016; Danék et al.,
2019). Navic, environmentalni hodnoty mohou zviditelnit latentni a skute¢né stiety zajmu (Biedenweg
et al. 2018), a pfinasi tak do diskuze eticky rozmér (Tadaki et al., 2017).

Krajinné hodnoty jsou v této praci definovany jako: ,,Subjektivné a kolektivné vnimané vyznamy, které
se vazi ke konkrétnim mistim nebo mistné specifickym charakteristikam.” Tedy nejedna se o
zobecnitelné, méfitelné kategorie, nybrz o kontextualné zakotvené vyznamy, které maji svijj specificky
obsah, ktery neni zcela odd€litelny od kontextu studované oblasti.

Prezentovany vyzkum navazuje na bohatou tradici participativniho mapovani pomoci Geografickych
Informacnich Systému (GIS) a kvalitativniho mapovani. Mezi vybrané typy pristupt patii: participativni
workshopy (Kenter et al., 2016) kvalitativni rozhovory a mapovani (Klain a Chan, 2012; Scolozzi et al.,



2014; Pastur et al., 2016) a participativni mapovani pomoci napf. papirovych nebo webovych map
(Brown a Reed, 2012; Sherrouse et al., 2011, 2014). Krajinné hodnoty jsou v této praci konceptem
navazujicim na ekosystémové sluzby, pfi¢emz reprezentuji subjektivné vnimané ekvivalenty — koncové
body — ekosystémovych sluzeb tak, jak je vnimaji konkrétni obyvatelé v kontextu studované oblasti
(Sherrouse et al., 2011; Klain a Chan, 2012; Sherrouse et al., 2014). Predstavuji fetézec souvislosti,
sahajici od subjektivni percepce az k ekosystémové integrité, ktera je biofyzikalni zakladnou
podminujici produkei téchto hodnot.

V této studii byly za ti€elem hodnoceni krajinnych hodnot pouzity kvalitativni hloubkové rozhovory
v kombinaci s kvalitativnim mapovanim. Kvalitativni mapovani vyuziva nacrtkové mapy (,,sketch
maps®) jako nastroj sbéru prostorové akuratnich dat béhem hloubkového rozhovoru nebo
sociologického Setfeni, k zanaSeni prostorovych zkuSenosti respondent (Brennan-Horley a Gibson
2009). Jsou typicky soucasti smiseného metodického ptistupu a Casto digitalizovany a integrovany do
rozhrani GIS za ucelem vizualizace a prostorové analyzy (Boschman a Cubbon, 2014). Rovnéz Casté je
vytvafeni kompozitnich vrstev, kdy se kvalitativni mapovani prokldda s riznymi typy informaci,
ziskanych jinymi metodami, reprezentujicimi napt. socidlni fenomény (Weiner a Harris 2003; Brennan-
Horley a Gibson 2009; Sletto et al. 2010) nebo objektivni (fyzické) krajinné indikatory (Kamicaityte et
al., 2019). Zahrnuti perspektiv respondentii do prostorové analyzy v prostidi GIS umoziuje zohlednit
subjektivni percepci zajmovych skupin (¢asto i marginalizovanych) a demokratizovat tak vyzkum tim,
Ze nespoléhame pouze na expertni nebo biofyzikaln¢ méfena data (Boschman a Cubbon, 2014).

S ohledem na studium distribuce environmentalnich hodnot v krajin¢ se prirozené nabizi vyuzit data
ziskana z dalkového priuzkumu Zemé k vytvoreni kompozitni mapy subjektivni a objektivni reality
(Kamicaityte et al., 2019) a s touto vrstvou provadét nasledné prostorové analyzy zkoumajici interakci
mezi respondenty, s ohledem na krajinné parametry na jedné stran¢ (analyza piekryvi, moznych
konfliktd a/nebo synergii) a interakci respondentl s krajinnymi prvky na druhé (korelace mezi
krajinnymi hodnotami a krajinnymi indikatory). Tato metodicka logika je centralnim konceptem pro
design predkladané studie, jelikoz umoziuje studovat korelace mezi subjektivné vnimanymi krajinnymi
hodnotami a krajinnymi parametry, které by teoreticky mély s témito hodnotami souviset (Sherrouse et
al., 2011; Sherrouse et al., 2014) — tedy ekosystémovou integritou.

1.3 Vyzkumné otazky

Tato studie predstavuje vysledky kvalitativniho mapovani krajinnych hodnot mezi klicovymi
zajmovymi stranami v Chranéné Krajinné Oblasti (CHKO) Ttebotisko. Vyzkumnym cilem této prace
bylo ziskat hloubkovy popis studovaného tizemi s ohledem na percepci krajinnych ekosystémt zastupci
z fad zajmovych skupin a ziskat prostorovou reprezentaci distribuce krajinnych hodnot.

Vysledky kvalitativnich rozhovorti jsou analyzovany pomoci analyzy obsahu a spolecné s vystupy
kvalitativniho mapovani digitalizovany do podoby datovych vrstev v GIS. Vysledné vrstvy krajinnych
hodnot jsou kombinovany s biofyzikalnim indikatorem ekosystémové integrity, vypocitaném na zaklade
dat z dalkového prizkumu Zemé, s cilem umoznit studium interakce mezi ekosystémy a subjektivné
vnimanymi krajinnymi hodnotami.

V ramci prace byly formulovany nasledujici vyzkumné otazky:
e Jak jsou distribuovany krajinné hodnoty a kde se piekryvaji?

e Existuji rozdily mezi vnimanim hodnot krajiny riiznymi respondenty a zajmovymi skupinami?
e (Odpovida distribuce krajinnych hodnot biofyzikaln¢ hodnocené ekosystémove integrite?



Zkoumanou hypotézou byl ptedpoklad, Ze zastupci zajmovych skupin budou studovanou krajinu vnimat
z pozice svych z4jmu a Cinnosti, které v krajiné provozuji, tedy ze zastupci rekrea¢niho sektoru budou
vnimat piedev§im hodnoty rekreace, hospodafi predevs§im hodnoty spravcovstvi a ekonomického zisku
a zastupci ochrany ptirody budou upfednostiiovat hodnoty divociny. S ohledem na vazbu mezi
krajinnymi hodnotami a ekosystémovou integritou byla hypotéza takova, ze lokality s vysokou
ekosystémovou integritou budou zaroven hostit nejvice krajinnych hodnot co do intenzity a pestrosti.

2 Materidly a metody
2.1 Studovana oblast

Lokalita o rozloze 700 km?se nachazi na hranici Ceské republiky a Rakouska (Hatle, 2014). Tato oblast
je znama svym pfirodnim, kulturnim a historickym bohatstvim a je dulezitou destinaci pro turisty i
bohatou biodiversitu. V roce 1978 byla uznana jako biosférickd rezervace a v r. 1979 jako chranéna
krajinna oblast. Vzhledem k vysoké kulturni hodnoté celé krajiny se uvazuje o zahrnuti vétSiny tzemi
pod ochranny rezim UNESCO, coz se ne vzdy setkava s pozitivni odezvou.

Hlavni zdroj ekonomického piijmu v regionu spociva v lesnictvi a rybolovu, ale také cestovnim ruchu
a lazenstvi. Mistni rybolov piedstavuje tradi¢ni zptisob hospodareni v oblasti s velmi chudou piidou, ale
s dostatkem vody. Mistni tradi¢ni rybou je Kapr (Cyprinus Carpio), produkt s ochrannou znamkou a
vyznamnou kulturni hodnotou. Pfestoze v minulém stoleti doslo k zesileni ekonomickych aktivit, je
Ttebonsko povazovano za zachovalé misto ptirody i kultury (Hatle, 2014).

2.2 Sbérdat

Sbér dat probehl v lednu 2017. Pfedem vybrani respondenti byli identifikovani s cilem zahrnout vSechny
dilezité zajmové skupiny v dilezitych sektorech hospodateni, turistiky, ochrany pfirody, ztad
vyzkumniki a zastupcl samosprav. Rozhovory trvaly od 24 minut do 1 hodiny 24 minut. Dotazovani
byli pozadani, aby podepsali informovany souhlas a souhlas s nahravanim, pfepisem a pouzivanim
rozhovoru pro védecké ucely.

Respondenty, ktefi se vyzkumu ucastnili, 1ze seskupit do tii kategorii: a) hospodati z lesnického,
rybarského a zemédelského sektoru, b) zastupci ochrany piirody a ¢) rekrea¢ni a turisticky sektor (véetné
nevladnich organizaci, viz. Tabulka 1). Kli¢ovi respondenti byli vybrani s cilem zahrnout riiznorody
soubor lidi se silnou profesni nebo osobni vazbou na krajinu. Jeden rozhovor byl proveden
prostfednictvim kvalitativniho dotazniku (respondent odmitl interview) a dva rozhovory byly provedeny
se dvéma osobami najednou.

Tabulka 1: Seznam a klasifikace respondentii zahrnutych v studii

e " . | Pocet
Odvétvi ¢innosti , . .
dotazovanych | Popis kategorie respondenta
respondenta 2
respondentt
Rybaftstvi 3 Predstavitelé mistniho rybaistvi a rybarské skoly
Lesnictvi 4 Predstavitelé lesni spravy
Zemedelstvi 3 Mistni farmati a agronomové




Vodohospodatstvi 2 Vodohospodati, péce o vodni toky a vodni zivoCichy
Ochrana ptirody 4 Zastupci AOPK

NNO 2 Mistni turistické kluby

Cestovni ruch 4 Zastupci mistniho pohostinstvi a turistiky

Statni sprava 3 Starostové a starostky obci

Primysl 1 Zastupce mistni textilni tovarny

Vyzkum 3 Biologové, ktefi se podileli na vyzkumu v oblasti
Celkove 29

Vsechny rozhovory obsahovaly prazdnou mapu ve formatu A3 (jednalo se o turistickou mapu,
zdroj: Google maps, viz. Appendix A), kterd slouzila k usnadnéni diskuse a umoznila zmapovat
diskutované problémy souvisejici s konkrétnimi lokalitami. K rozliSeni tfi zdkladnich krajinnych hodnot
byly pouzity tfi druhy markerd: ekonomické (modré), mimo-ekonomické (zelené) a hrozby (Cervené),
véetné dal$ich pozndmek na okraji prazdné mapy. Rada rozhovorti neobsahovala mapovéni, protoze
bud’ nezminovala zadné konkrétni misto k zaneseni, nebo to nebylo pohodlné nebo technicky mozné
z divodu mista konani rozhovoru. Kdyz bylo mapovani hotové, zpravidla provedené tazatelem,
respondent byl pozadan, aby schvalil vysledek. Zpoc¢atku byli respondenti pozadani, aby do mapy
zakreslovali sami, ale to se ukazalo byt na ukor udrzeni plynulé konverzace a tudiz opusténo. Po
rozhovoru byly mapy oznaceny kédem informatora a pozdéji byly analyzovany spolu s piepisy (viz
kapitola 2.3. analyza dat).

Struktura rozhovoru byla siln¢ inspirovana vyzkumem pobieznich (,,coastal*) hodnot, provedenym
autory Klain a Chan (2012). Konkrétné typy hodnot, v€etné protokolu rozhovoru, ktery autofi poskytuji
v ptiloze jmenovaného ¢lanku, byly adaptovany pro ucely této studie. Zatimco vySe zminéna studie
pozadala ucastniky, aby zmapovali hodnotna mista v motskych oblastech v Britské Kolumbii, tato studie
predstavuje aplikaci v terestrickém kontextu, pficemz stale poskytuje srovnatelné vysledky pro
zhodnoceni pfinosu kvalitativniho mapovani s jmenovanou studii.

Samotny névrh rozhovoru byl zaméfen na hodnoceni tfi hlavnich krajinnych hodnot: ekonomickych
hodnot, neekonomickych hodnot a hrozeb (inspirovano Klain a Chan, 2012; Scolozzi et al., 2015). Po
vysvétleni Gcelu a tématu prizkumu byl respondent nejprve pozadan, aby popsal sviyj vztah k predmétné
oblasti. Po kratkém Uvodu pfisla na fadu ekonomicka témata. Poté nasledovaly otazky tykajici se
hospodafeni s ekosystémy a konkrétn¢ zpusob, kterym respondent reflektuje zavislost lidi na
ekosystémech a jejich stavu. Nasledné byly poloZeny otazky typu ,.kterd mista mate v oblasti osobné
rad/a,” jejichz cilem bylo ziskat pfedstavu o mimo-ekonomickych a osobnich hodnotach a vyznamech
spojenych s regionem. Posledni cast byla vénovana hrozbam ve smyslu: potencialni ohrozeni hodnot, o
kterych byla fec, a problémy, které komplikuji jejich uzivani (protokol rozhovoru viz. Appendix B).



2.3 Analyza dat

Prepisy rozhovort, sebrané¢ béhem prizkumu, byly zpracovany kvalitativné pomoci metody analyzy
obsahu. Béhem analyza obsahu se ptifazuji kody ¢astem textu, které jsou z hlediska sbéru informaci o
daném tématu dulezité. Analyza obsahu je metoda vhodna k tfidéni a fazeni textli z riznych zdrojt. Pii
pfifazovani kdda byla pouzita kombinace ptistupii: nekteré kody byly Cisté experimentalni, vychazejici
ze samotnych dat, nékteré se fidily tématy predem vybranymi ve fazi nédvrhu prizkumu. Obecnymi
ustfednimi tématy kodu byly: ekonomické, neekonomické hodnoty a hrozby (Klain a Chan, 2012).
Zvlastni pozornost byla vénovana popisu konkrétnich lokalit respondenty, zejména vyznamtim, které
jim pfitazovali; tyto udaje byly pozdéji asociovany s analogickymi polygony v GIS. Kvalitativni
obsahova analyza je centralni metodou této studie a byla pouzita k zajisténi hlubokého porozuméni
vnimani ptipadové studie a zpisobu, jakym jsou zainteresované strany zavislé na ekosystémech, jak je
vnimaji a jak se k nim vztahuji.

Citace z rozhovori, pojednavajici o Tiebonsku jako celku tedy nikoliv o konkrétnim mapovatelném
mistu vramci oblasti, byly zahrmuty do kvalitativni obsahové analyzy, ale nikoliv do vysledkt
kvalitativniho mapovani. Software pouzivany k provadéni kvalitativni analyzy dat byl Atlas.ti. Nastroj
umoziuje fadu transformaci dat: zejména umoziuje vizualizovat kvalitativni kody v hierarchické siti a
usnadiiovat studium rtiznych vztahti mezi vybranymi kody. Muze také vytvaret seznamy s kvantitativni
reprezentaci analyzovanych dokumenti, v€etn€ poctu piifazenych kodi z vybrané kategorie, které lze
snadno pouzit k provedeni zékladnich orientacnich statistickych analyz. Jedna se zejména o analyzy,
jejichz cilem je ziskat ptidanou informaci k analyze obsahu prostfednictvim transformace kvalitativnich
dat na semi-kvantitativni indikatory ur¢itého fenoménu, v tomto piipadé Cetnosti a poméru krajinnych
hodnot zminénych respondentem v souvislosti se studovanou oblasti.

Hodnoty uvedené v souvislosti s mapovatelnym objektem/oblasti byly pfifazeny ke konkrétnim mistim
/ polygontim v prosttedi GIS. Rovnéz v tomto piipade byl vytvoren semi-kvantitativni indikator (0 — 1,
coz odpovida logice: hodnota ptitomna NE - ANO) pro kazdou z identifikovanych hodnot (v predeslé
analyze obsahu). Pokud respondent zminil ur¢itou hodnotu v souvislosti s danym mistem, k této hodnoté
se ptipsal 1 bod. Pokud danou hodnotu v souvislosti se stejnym mistem zminil vicekrat, vzdy se ptipsal
pouze jeden bod. Tedy pokud ucastnik napft. tfikrat zminil konkrétni oblast v souvislosti s hodnotou
divociny, ptidal se celkem pouze jeden bod. Pokud dvakrat zminil identickou oblast, ale v kazdém
pfipad¢ zvyraznil jinou hodnotu, k obéma hodnotam pro danou oblast se pfidal jeden bod. Timto
zplisobem byla vytvofena Excelova tabulka s vyznaénymi misty zanesenymi v fadcich, a krajinné
hodnoty ve sloupcich. Tato tabulka byla pozdéji pouzita jako zdroj dat pro vytvoieni prostorové
reprezentace hodnot pfitomnych ve studované oblasti (viz kapitoly 2.3.1 a 2.3.2).

2.3.1 Kvalitativni mapovani

Kvalitativni mapovani je v této studii vénovana zna¢na pozornost a predstavuje doplnék kvalitativni
obsahova analyzy hloubkovych rozhovori. Byl to také zpisob, jak a) extrahovat a zpfistupnit vEtsi
mnozstvi informaci, které by jinak byly vyjadfeny pouze v narativni zprave, a b) poskytnout datovy
format a rozhrani, které lze porovnat s biofyzikalnimi produkty z jiné studie provedené v Tiebonisku
(Zeleny et al, 2021).

Pii analyze ptepist byla zvlastni pozornost vénovana riznym zplsobiim, jakymi lidé vnimaji krajinu a
konkrétni pfirodni a antropogenni mista. Rlizné vyznamy pfipisované ekosystémim na Ttebonisku byly
roztiidény a klasifikovany jako krajinné hodnoty, v nichz se spojily zkuSenosti z ptedchoziho vyzkumu
(Dangk et al., 2019) a inspirace z existujici literatury (Klain a Chan, 2012). Hodnoty byly rozdéleny
mezi ekonomické a neekonomické tfidy. Ekonomické hodnoty zahrnovaly hospodafeni s ekosystémy a
finan¢ni pfijmy. Mimoekonomické se tykaly hodnoty divo€iny, rekreace a estetiky (viz vysledky). Dalsi



pozornost byla vénovdna tomu, jak rizné hodnoty souviseji s konkrétnimi misty uvedenymi
informatorem.

2.3.2 Mapovani a zpracovani dat

Mapy vyplnéné béhem rozhovord autor transponoval do sady polygonovych vrstev v GIS (pouzity
software - QGIS). Oblasti zmapované béhem rozhovori byly doplnény o hodnoty, které byly stanoveny
behem analyzy obsahu, ale nebyly zmapovany (z diivodi zminénych vyse). Urcit pesny tvar polygonu
predstavovalo metodickou vyzvu. Vzhledem k tomu, Ze rozhovory musely plynout, nebylo ¢asto mozné
se doptat na pfesné obrysy zminované oblasti a sami respondenti by museli vynalozit usili, aby presn¢
definovali rozsah predmétného tzemi nebo to piimo odmitli jako nemozné (diskuze viz kapitola 4.1;
Klain a Chan, 2012). Vzhledem k povaze dat a jejich finalni interpretaci, ktera byla veskrze kvalitativni
a nebyla napf. vyuZita k statistickym analyzam s biofyzikalnimi parametry, nebyly vzniklé nepfesnosti
povaZovany za zavazny problém (Scolozzi et al., 2015). Mista, kterd byla zminéna pouze v rozhovorech
anebyla zmapovéana, pfidal autor do polygonové vrstvy na zaklad€ analyzy ptepist. Pfi vymezeni oblasti
uvedenych pouze v prepisech byl pouzit typicky tvar polygonu v konkrétnim misté (tvar predpokladany
predchozimi respondenty). Tvary napodobovaly ty, které se typicky objevily béhem rozhovorti (hrubé
ovaly kolem oblasti; viz. diskuse).

Pro kazdého respondenta byla vytvoiena unikatni polygonova vrstva s témi lokalitami, a patficnymi
hodnotami, které béhem kvalitativniho rozhovoru a mapovani zminil/a (na zékladé excelové tabulky,
opé¢t unikatni pro kazdého respondenta; viz Kapitola 2.3 Analyza dat). Tyto dil¢i polygonové vrstvy
byly slou¢eny (funkce ,,sloucit vektorové vrstvy” v QGIS) do jedné polygonové vrstvy, obsahujici idaje
za vSechny respondenty a mapovana mista. Nasledné byly manualn¢ vybrany ty polygony, které
obsahovaly udaj o pfitomnosti dané krajinné hodnoty (napiiklad vSechny polygony, které mély ,,1° u
hodnoty rekreace), a zbytek lokalit smazan véetné sloupci s ostatnimi typy hodnot. V dal§im kroku byly
pro kazdou lokalitu manuélné seCteny vSechny body, které tato lokalita ziskala od vSech respondentii
(za kazdého respondenta 1). Vysledkem bylo 8 polygonovych vrstev, za kazdou hodnotu jedna, které
nesly informace o distribuci hodnot mezi mapované lokality a ,.intenzitu“ hodnot, ktera odrazela pocet
respondentd, ktefi danou lokalitu v souvislosti s danou hodnotou (alespoii jednou) zminili béhem
rozhovort nebo mapovani.

Poté byly jednotlivé polygonové vrstvy rasterizovany (ptevedeny z polygonové vrstvy do rastrové;
funkce rasterizace vektorové vrstvy v QGIS) aby s nimi mohly byt provadény matematické operace.
Jako hranici vrstvy pro rasterizaci byl zvolen obrys CHKO Tiebonsko a vysledné rastry byly
vyprodukovany v rozliSeni 10 m pro kazdou krajinnou hodnotu zvlast, tedy 8 rastrovych vrstev (Obr.

).

Druhym vystupem bylo zhodnoceni lokalit dle diversity hodnot. Za timto i¢elem byly vySe zminéné
rastrové vrstvy vytvorené znovu, tentokrat ale bez informace o poctu respondentt, ktefi danou hodnotu
zaznamenali (Skala 0—1 — hodnota byla mapovana NE — ANO, nehled¢ na pocet respondentti zminujicich
danou hodnotu). Nasledné bylo vSech 8 rastrovych vrstev secteno (funkce QGIS ,,rastrovy kalkulator®)
¢imz vznikla jedna rastrova vrstva, hodnotici celkovou spolecenskou hodnotu lokalit (Skala 0-8), na
zaklad¢ celkové diversity hodnot (Obr. 2).

2.4 Porovnani s biofyzikalnim hodnocenim ekosystémoveé integrity

Srovnani vystupt kvalitativniho mapovani s vystupy z hodnoceni ekosystémové integrity na zaklade
analyzy dat z dalkového prizkumu Zemé (Zeleny et al., 2021) bylo v této studii zahrnuté jako doplikova
metoda. Jelikoz jsou oba typy dat jiné povahy, tedy vrstva ekosystémové integrity reprezentuje
»objektivni“ fyzickou realitu, zatimco vrstvy krajinnych hodnot zatupuji subjektivni realitu, jsou tyto



dva typy dat porovnavany pouze kvalitativné (viz. Obr. 1 a Obr. 2). Ditvodem odlisnosti téchto datovych
sad je predevsim predmét zajmu, ktery obé metody hodnoti. Ekosystémova integrita mé reprezentovat
fyzické krajinné prvky, zatimco krajinné hodnoty reprezentuji subjektivni percepci vyznami, které jsou
s krajinou spojeny. Z tohoto divody by statistické porovnani obou datovych sad nedavalo smysl, a
presto ze bylo autorem experimentaln¢ provedeno, neposkytovalo zadné signifikantni vysledky.

Vysledky

Vysledky Setfeni 1ze rozdélit do tii kategorii: identifikace a popis krajinnych hodnot dle jejich vyznamu,
identifikace a popis kolektivnich hodnotovych ramct a vysledky prostorového mapovani zminénych
krajinnych hodnot. Na zaklad¢ kvalitativnich rozhovora bylo identifikovano 8 typt krajinnych hodnot,
které jsou charakterizovany v sekci 3.1, pfiCemz tyto hodnoty pfedstavuji zpiisoby, kterymi se
respondenti subjektivné vztahovali ke zkoumané krajin€. Kolektivni hodnotové rdmce byly odliseny od
krajinnych hodnot, jelikoZ popisovali studovanou krajinu na ,,vyss$i* urovni vyznamové hierarchie, tedy
z hlediska riznych zajmt, které respondenti sami nutné nezastavali, ale reflektovali jejich dilezitost
z hlediska ostatnich obyvatel a navstévnikti Tiebonska. Kolektivnim hodnotovym ramciim se vénuje
sekce 3.2. Vsekci 3.3 jsou predstaveny vysledky prostorové reprezentace hodnot, vychazejici
z kvalitativnich rozhovor( a mapovani. Posledni sekce (3.4) zodpovida na vyzkumné otazky stanovené
v uvodu préce.

2.5 Vyznam a klasifikace hodnot

Hodnoty lze zhruba rozd¢lit na ekonomické a mimo-ekonomické, piicemz u nékterych se vyznam vice
¢i méné piekryval (esteticka a prirodni hodnota). Celkové bylo identifikovano 8 typt krajinnych hodnot,
pricemz Tabulka 2 uvadi jejich pracovni nazev i definici, ve které je zahrnuta Sife vyznam, které do
daného typu hodnoty byly zahrnuty.

Tabulka 2: Typologie hodnotovych asociaci spojenych s CHKO Tiebonisko

Typ hodnoty Popis

Esteticka Obecna estetika mista v¢etné krajiny a architektonickych prvki
Divocina Biodiverzita, sukcese a vitalita mista nebo ekosystému

Kulturni Kulturni dédictvi, misto spolecenského setkavani a historicky vyznam
Vzdélavaci Uceni, duchovni zkusenost a transgenera¢ni hodnota

Relaxace, sport (napf. turistika, cyklistika, rybafeni a vodactvi) a

Rekreacni ..
ekreac turistika

Subjektivni vyznam s ohledem na osobni vztah, vyznamnou zkuSenost

Osobni nebo spojeni s predky




Vyznam s ohledem na obzivu a jako model pro interakci ¢lovéka s

Spravcovstvi , . . L
p ekosystémem s cilem udrzeni produktivity

Ekonomicky pfijem | Penézni zisk pro mistni i cizince

Development Urbanizace a rozvoj odvétvi sluzeb, hospodareni a primyslu

Vyroba a poskytovani uzitné hodnoty a souvisejici rozvoj

Podnikéni infrastruktury

2.6 Trihodnotové ramce

Kolektivni hodnotové ramce v pojeti této prace tvoii vice ¢i méné podobné hodnotové profily tim, jak
respondenti vyznamové ramovali Trebonsko. Na zaklad¢ kvalitativnich dat byly vytipovany tfi typy
hodnotovych ramcti nebo svétonazord tykajicich se studované oblasti: spravcovsky (stewardship)
ramec, rekreacni a ochranai'sky. Spravcovska typ vnimani cenil oblast z hlediska vyznamu pro lesnictvi
a rybnikarstvi, a obecné pro péci, kterou ji davali predkové po staleti a bez které by krajinna hodnota
postupné zanikla. Nadmérnou ochranu pfirody a snahu o konzervaci vnimal jako hrozbu pro
ekologickou stabilitu krajiny. Rekreacni rdmec vnimal zejména estetickou hodnotu krajiny, hodnotu
odpoc¢inku a sportu. Posledni, ochranarsky ramec ocenoval piedevsim ptirodni hodnotu Tieboiiska;
naopak ekonomicky rozvoj a kotistnické hospodateni vnimal jako hrozbu pro jeho ekologicky stav. Tyto
tfi hodnotové rdmce nejsou vycerpavajicim popisem socialni reality ale snahou o vytvofeni klice k jeji
interpretaci. Zaroven odrazely tii zakladni aspekty, které charakterizuji ,,identitu” krajiny CHKO
Ttebonska (Taylor, 2012).

,»INo jednak je to ta krajina na co si vzpomenete, ze je Trebon. Hezké lesy, hezkad priroda, rybniky no a
néjaka historie.  (citace zdstupce agentury ochrany prirody)

Je tfeba fici, Ze vSechny tfi kolektivni hodnotové ramce velmi ocetiuji piirodu, ale kazdy z jiného
divodu.

e 7 hlediska hospodafeni je krajina dilezita z s ohledem na jeji schopnost poskytnout obzivu
svym obyvateliim, plynouci z jeji dlouholeté nepfetrzité kultivace. Vazit si ptirody znamena
starat se o ni, usilovng pracovat na tom, aby nespadla do chaosu pfirozené sukcese.

e 7 pohledu cestovniho ruchu vidi hodnotu krajiny v celkové vhodnosti pro rekreaci a estetické
vyziti. Ekologicka pestrost a zdravi je magnetem, ktery piitahuje navstévniky z vzdalenych
aglomeraci coz vyzaduje nalezity rozvoj cestovniho primyslu. Pro mnoho mistnich je
pohostinstvi cennym zdrojem piijmu.

e Treti perspektiva klade nejvétsi diraz na rozmanitost Zivota, respekt k piirodé a pozitek z
estetiky prirody neomezené lidskymi zasahy. Cilem ochrany piirody je regulovat lidské aktivity
v této oblasti, zejména intenzivni vyuzivani pfirodniho kapitalu a urbanizaci.

Tyto tii kolektivni hodnotové ramce nepopisuji typy studovanych respondentd ale vize Tteboniska,
mentalni obrazy zahrnujici pfitomnost i budoucnost, véetné¢ normativniho rozmeéru, které byly na
subjektech do zna¢né miry nezavislé a které lze povaZovat za krajinné hodnoty na vyssi hodnotové
hierarchické trovni.



2.7 Mapovani krajinnych hodnot

Mapovani hodnot zhruba rozdéluje pfedmétnou krajinu na oblasti urbanizované, peri-urbanni,
hospodaiské a prirodni (= neregulované nebo minimalng). Urbanizované oblasti jako je mésto Trebon
byly nejcastéji zminovany ve spojitosti s kulturnim vyznamem, vyznamem pro podnikani a ¢astecné
rekreaci, kterd je vice rozprostiend i na dve dalsi centra: Chlum u Tteboné€ a Suchdol nad Luznici (Obr
1). Tyto oblasti mély typicky velmi nizké hodnoty ekosystémové integrity a jsou poznat jako
koncentrace cervenych ploch na Obr. 1 v pravé, dolni mapé oznacené ,,Ekosystémova integrita.” Na
Tteborisku je rekreacni hodnota dale spjata s fekami Luznici a Nezarkou kvili vodactvi a s piskovnami
kvuli koupani v Cisté vodée. Estetika se siln€ poji s pfirodnimi oblastmi, zejména oblasti tzv. Rozvodi
mezi Starou a Novou fekou, ktera je mistem s jednou s nejvyssi ekosystémovou integritou. Co se tyce
hodnoty divociny, nejlépe byla hodnocena tzv. Stara Luznice, tedy neregulovany tsek feky Luznice,
ktery se nachazi u hranic s Rakouskem. Vyznam z hlediska hospodafeni nalezel zejména rybniku
Rozmberku, druhotn€é byl rozprostfen na ostatni vyznamné hospodaiské rybniky jako Bosilec
v severozdpadnim rohu oblasti. Rybnik Rozmberk pfedstavoval nejen vyznamny rybnik pro chov ryb,
ale i pro hospodateni s vodou v krajin¢ a ochrané pted povodni. Hodnota vzdélavani je nejvice spjata
s rybnikem Svét, dale se soustavou Klec a Potmésil, Nadéjskou soustavou a rybnikem Rozmberkem.
Podél téchto rybnikd vede naucna stezka pojednavajici o rybnikaiské historii Tieboniska, ale jsou i
predmétem védeckého vyzkumu v oblasti hydrobiologie. Posledni, osobni hodnota, se nejvice vazala
k oblasti Rozvodi, dale pak k lokalitam na vychod¢ okolo obci Stankov a Lutova, méstu Trebon a hrazi
rybnika Rozmberka.
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Obr 1. Reprezentace kategorii identifikovanych hodnot v prostoru pomoci semi-kvantitativnich
indikator( jednotlivych hodnot. V pravém dolnim rohu je uveden vysledek hodnoceni slozeného indexu
ekosystémové integrity (Zeleny et al., 2021).



2.8 Shrnuti vysledkd

S ohledem na vyse zminéné mizeme formulovat tyto odpovédi na zvolené vyzkumné otazky:
1) Jak jsou distribuovany krajinné hodnoty a kde se piekryvaji?

Krajinné vyznamy kopiruji patetni stezky a silnice vedouci z mésta Ttebon kolem vyznamnych rybnikt
a feky Luznice a Nezarky a kolem rekreacnich center Chlum u Tteboné a Suchdol nad Luznici. Zejména
rekreacni hodnota je spjata s mésty a infrastrukturou jako jsou kempy, ale i ekosystémy které jsou dobie
pristupné pro pési i cyklodopravu. Naopak hodnota divociny je nejvyssi v bezzasahovych a tézko
dostupnych oblastech. Mista, na kterych se prekryva mnoho riznych hodnot jsou zpravidla nejcennéjsi,
zatimco jednoucelové oblasti nebo oblasti bez mapovanych hodnot jsou mén¢ zajimava.

2) Existuji rozdily mezi vnimanim hodnot krajiny riznymi respondenty a zdjmovymi skupinami?

Rizni aktéti zahrnuti do vyzkumu vyjadiovali rizné postoje ke krajing, které se odrazely v jejich
deklarovanych krajinnych hodnotach ale i kolektivnich hodnotovych ramcich. Dle hodnot byli
respondenti rozdéleni zhruba do tii skupin: a) hospodari tedy lesnici, zemé&délci a rybafi, b) zastupci
rekreacniho vyuziti a turistického ruchu c) respondenti se silnou osobni vazbou ke krajing, ktefi
disponovali pestrou paletou hodnot jako je hodnota divociny, kulturni, estetickou, vzdélavaci a osobni.

3) Odpovida distribuce krajinnych hodnot biofyzikalné hodnocené ekosystémové integrité?

Jen z Casti, a to u lokalit, které jsou dobfe dostupné. Navic, nékteré hodnoty jsou typicky vice svazané
s urbanizovanymi oblastmi jako je mésto Trebon. Okoli Chlumu u Tfebon€ a obce Lutova lze oznacit
za prechodové misto mezi sidly, kulturni diversifikovanou krajinou s ¢etnymi vodnimi ekosystémy a
moktady. Zde hodnota ekosystémové integrity odpovida ptechodovému charakteru. Nedostupné nebo
odlehlé oblasti s vysoce produktivnim lesnim porostem, disponujicim vysokou ekosystémovou
integritou, ¢asto nebyla hodnocena viibec. Stejné tak i oblasti s ornou ptidou, které mély naopak velmi
nizkou ekosystémovou integritu, neziskaly zadnou spolecenskou hodnotu. Odpovéd’ na jmenovanou
otazku tedy nemize byt jednoznac¢na.

Korela¢ni analyza vztahti mezi prostorovymi indexy hodnot poukazuje na blizkost zejména mezi
kulturni a vzdélavaci hodnotou a osobni a rekreacni na druhém misté (Tabulka 3, korelaéni koeficient
0,76 a 0,66). Na druhou stranu hodnota Estetika téméf nekoreluje s vyznamem Podnikani a Hospodateni

(0,06 a 0,08). Esteticka hodnota se ¢astéji objevovala spolecné s Osobni hodnotou a hodnotou divociny.

Tabulka 3: Vztahy mezi mapovanymi krajinnymi hodnotami hodnocené korela¢ni analyzou (Pearson)

Spravcovst  Vzdélavin

Podnikani  Rekreace o ; Kulturni Esteticka Osobni Divociny
Podnikani * 0,53 0,57 0,52 0,56 0,06 0,5 0,29
Rekreace 0,53 * 0,24 0,38 0,52 0,43 0,66 0,35
Spravcovstvi 0,57 0,24 * 0,59 0,54 0,08 0,52 0,34

Vzdélavani 0,52 0,38 0,59 * 0,76 0,43 0,57 0,59




Kulturni 0,56 0,52 0,54 * 0,41 0,62 0,55

Esteticka 0,43 0,43 0,41 * 0,59 0,52
Osobni 0,5 0,66 0,52 0,57 0,62 0,59 * 0,54
Divociny 0,29 0,35 0,34 0,59 0,55 0,52 0,54 *

Mista, kterd byla hodnocena nejcastéji a zaroven z hlediska nejvice typt krajinnych hodnot, ziskala
nejvyssi hodnotu celkového indexu spolecenské hodnoty (Obr. 2). Z hlediska Cetnosti a intenzity
krajinnych hodnot je nejvyznamnéjs$i mésto Tiebon, nasledované nékolika oblastmi, jmenovité rybnik
Rozmberk, oblast Rozvodi, Chlum u Tieboiie a jeho okoli, Nad¢jska soustava a lesni komplex Jemcina.
Jednou z otazek bylo i porovnani celkového vyznamu oblasti s distribuci jeji ekosystémové integrity.
Index hodnoty koresponduje s vysokou ekosystémovou integritou v oblasti Rozvodi, obory Jem¢ina
(severovychodni ¢ast) a okolo Nadé&jské rybnic¢ni soustavy. Naopak niz§i hodnotu slozeného indexu
dostaly jednoucelové typy tizemniho vyuziti, pficemz intenzivné hospodatsky vyuzivané oblasti zlistaly
respondenty bez povsimnuti. Zde se jedna zejména o zemédélskou piidu, druhotné o produkeni lesy a
louky a periferni urbanizované oblasti. Zemé&délska ptida, velkd Cast pastvin a urbanizované oblasti
dostaly krom nizkého skore krajinnych hodnot i nizky index ekosystémové integrity.
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Obr. 2 Celkovy sloZeny index spoleCenské hodnoty a index ekosystémové integrity.



3 Diskuse

Ptedkladany pfistup je snahou o piedstaveni inovativni kombinace metodickych nastrojii k hodnoceni
socio-ekologickych interakci v krajin€. Pfredpokladem prace je, ze obyvatelé urcité oblasti a) disponuji
unikatni, historickou a empirickou znalosti krajiny, kterd koresponduje s fyzickou strankou véci, b)
klasifikace krajinnych hodnot pomiize identifikovat a odlisit rizné ramce a hodnotové segmenty mezi
dotazovanymi respondenty, coz pomuize identifikovat rizna pojeti krajiny a c) mapované spolecensky
hodnotné prvky budou vice ¢i méné odvislé od krajinné ekosystémové integrity, ktera umoznuje jejich
produkci nebo uzivani.

Predkladana kombinovana metodika kvalitativnich rozhovori a mapovani, vcetné¢ naslednych
transformaci v kvalitativni a prostorové indexy krajinnych hodnot umoznila pohlédnout na studovanou
oblast ze dvou Sirokych perspektiv, véetné aplikace statistickych metod. Kvalitativni analyzou ptepist
bylo mozné hodnotit hodnotové profily respondentti, zatimco mapovani poskytlo néstroj, jak rozclenit
region dle spolecenského vyznamu a porovnavat distribuci riiznych typit hodnot. Mezi hlavni vyhody
predkladaného pfistupu patii navzdory omezenim zejména relativni nendrocnost co do casu a
prostfedktl, pfi¢emz zdrojem dat jsou rozhovory s kliCovymi stakeholdery, kvalitativni mapovani a
nasledna reprezentace v GIS a statistickém programu R.

3.1 Klasifikace hodnot a jejich distribuce v krajiné

V ramci Setfeni bylo navrZzeno a z¢asti identifikovano n€kolik krajinnych hodnot, jejichz vyznam
odpovidal typu vyuziti krajiny respondentem nebo obecné obyvateli a navstévniky. Krajinné hodnoty
lze zhruba rozdé¢lit na ekonomické a mimo-ekonomické, pricemz tyto kategorie se vétSinou nachézely
v kombinacich, ale i samotné, pricemz lokality s n€kolika typy krajinnych hodnot zaroven byly obecné
vyznamngjsi (Obr. 2). V ptipadé prekryvu nékolika hodnot by bylo mozné hovotit o potencialu pro
konflikt mezi vyuzitim. Naptiklad hospodarsky vyznam mohl byt v konfliktu s rekreaénim vyuzitim,
coz naznacila korela¢ni analyza v Tabulce 3.

Také identifikované hodnotové ramce, ziskané pomoci kvalitativni analyzy obsahu nazna¢ovaly mozné
konflikty mezi pojetim Trebonska, zejména z hlediska normativnich soudi ohledné spravného
hospodateni v oblasti (Kapitola 3.2). Celkov¢ ale analyza spiS, nez na konflikty poukazala na
rtiznorodost pojeti jednoho regionu riznymi aktéry dle typu vyuziti nebo zavislosti na jejich ¢astech a
ekosystémech. Mapované hodnoty rozhodné neméely tendenci byt rovnomérné distribuované, naopak se
shlukovaly podél kulturné cennych center, jmenovité¢ mésta Tteboni, Chlum U Tfebon¢ a Suchdol nad
LuZnici, rybnikii Rozmberk a Svét, dile podél Reky Luznice, Nové a Staré feky a Reky Nezarky.
Vyznamnou roli hraly rybniky, které maji v kontextu Tfeboniska znacny kulturné-historicky vyznam, a
které byly spojovany s riznymi typy hodnot.

Naopak oblastem vyuzivanym k intenzivnimu zeméd¢lstvi, lesnické produkei a okrajove i pastvinam,
typicky zadny vyznam ptifazovan nebyl. Odlehl¢é ptirodni lokality ziskaly krajinny vyznam Divocina,
nicméné z divodu naro¢né pristupnost ¢asto neziskavaly zadné dalsi hodnoty a byly i méné Casto
zminované. Z toho vyplyva, ze lidé hodnoti lokality, které jsou predevs§im pfistupné, a dale ze pouze
uréité vyznamy prifazuji oblastem s vysokou ekosystémovou integritou (oblast Rozvodi a Novorecké
mocaly, Obr. 1), zatimco jiné naopak vysoce urbanizovanych oblastem. Lze tvrdit, Ze lokality, které
ziskaly vyznamy zobou oblasti byly nejvice cenéné a piedstavovaly Casto Casem ustalenou
harmonickou kombinaci mezi ptirodnim a antropogennim ptsobenim, které je nejvice patrné v rybnicni
soustave kolem Tieboné, konkrétné rybniku Rozmberk, Svét a Bosilec a soustaveé kolem rybniku Nadéje
(Obr. 2).



3.2 Souvislost mezi krajinnymi hodnotami a ekosystémovou integritou

Moderni krajiny lze pro zjednoduseni chapat jako gradient mezi piirodou a infrastrukturou, mezi
biomasou a technomasou, mezi samo-organizaci a hemerobii. Lidska sidla a komunikace nejsou
homogenné rozptylend v krajin€, naopak antropogenni povrchy jsou silné koncentrické, pficemz
nedotcend ptiroda typicky lezi na samé periferii. Vyznam, ktery lidé ptikladaji krajing, je diferenciovany
v zavislosti na vzdalenosti od ,,centra® (domov) a patefni infrastruktury (silnice, parkovisté, cesty,
restaurace). Na samé periferii typicky krajina zddny vyznam nema, protoze je pro obyvatele nepfistupna,
i kdyz néktefi vnimaji i na takovych mistech hodnotu pfirody ve své ,netknutosti,” jak ukazal
kvalitativni vyzkum v CHKO Tteborisko.

Tento jev mé na studium socio-ekologickych systémil negativni vliv, konkrétné¢ komplikuje vyuziti
biofyzikalnich a sociologickych védeckych metod k jejich popisu. Jde o to, Ze oblasti s typicky vysokou
ekologickou integritou vychazeji v mapovacich cvi¢enich jako méné¢ vyznamné, piipadné zcela
bezvyznamné. Tento negativni jev se ukazal ve vysledcich participativniho mapovani autorti Scolozzi
et al. (2014) a Sherrouse et al., (2011) a (2014) kde hodnotu ,,wilderness* dostaly jen ty oblasti divociny,
které byly v blizkosti silnic. V souladu s témito studiemi i v této vyslo najevo, ze ackoliv nckteré
zalesnéné oblasti s vysokou ekosystémovou integritou byly spole¢ensky vnimané jako hodnotné (obora
Jemcina), vétsina lesnich oblasti v§ak viibec zminé€na nebyla, jelikoz byla odlehla nebo nedostupna.
Nejvice se lidé vztahovali k mistim, kterd byla zajimava z hlediska pfirodni nebo kulturni hodnoty a
zarovein dobfe pristupna autem, kolem apod. Hojn€ zmifiovand mésta a sidla jsou samoziejme spojovana
s jinymi nez pfirodnimi vyznamy, v ptipadé Tiebon¢ a dalSich center v oblasti se jednalo o rekreaéni a
kulturni hodnotu, coZ reprezentuje potieby, které jsou typicky uspokojovany v méstskych aglomeracich.

3.3 Omezeni predkladaného pfistupu

Ptedné, jakakoliv klasifikace kvalitativnich prohlaseni disponuje zna¢nou davkou subjektivity ze strany
vyzkumnika a nelze zarucit, Ze bylo dosaZeno shody s chdpanim respondenta, protoze s nim ziskané
vysledky nebyly zpétné ovétovany. Dalsi notna davka subjektivity vyvstala pfi obtizich s prostorovym
vymezovani lokalit a jejich transformaci do prostiedi GIS. Za prvé, presné tvary polygonti nakreslenych
béhem rozhovoru stézi predstavuji presné hranice oblasti nebo dokonce mentalni hranice uréené
respondentem. Pfesnéj§i lokalizaci mapovanych hodnot by bylo mozné ziskat tehdy, pokud by
respondenti umist'ovali body (jako v pfistupu PPGIS, Sherrouse et al., 2011; 2014), coz by sice bylo
analyticky jednodussi, pro respondenta by ale vznikl problém s piesnym vyjadienim tvaru mapovaného
fenoménu a jeho mozné demotivaci (Pocewicz et al., 2012; Brown a Pullar, 2012; Brown a Kytté, 2014).
Nekteré objekty na mapé byly zminény pouze v rozhovoru a zaznamenany po piecteni piepisi, kde sam
autor definoval tvar polygonu. Toto riziko bylo podstoupeno, protoze zahrnuti nemapovanych lokalit
umoznovalo vyznamné obohatit prostorovou informaci a ziskat robustné¢jsi data. Protoze neexistoval
zadny ,,objektivni* tvar, a tedy ani ,,spravna‘“ volba, metoda urceni tvaru polygonu byla vcelku véc volby
vyzkumnika. Bylo rozhodnuto, Ze nejlepsi metoda ur¢ovani tvaru oznacené oblasti bude imitace tvard,
které vznikly vramci kvalitativniho mapovani, a protoze tyto byl zvelké ¢asti zaznamenany
vyzkumnikem, 1ze pfedpokladat, ze dodate¢né mapované a pavodni tvary jsou z velké ¢asti konzistentni.

Celkove nelze fict, jestli oblasti bez hodnot (hospodarské lesy) skuteéné nemély pro respondenty ono
diverzifikované vyuziti jako mnoha vyznamna mista, napt. rybnik Rozmberk, protoze nebyli zahrnuti
uplné vSichni potencidlné daleziti aktéfi. Nicméné i tak se vysledky shoduji se zjisténim autori
Sherrouse et al. (2014), kteti poukazali na existenci vazby mezi prostorovou distribuci hodnot a
dostupnosti lokality zejména pro automobilovou dopravu. Obdobny vysledek ziskali vyzkumnici
v ¢lanku Scolozzi et al. (2015), ktefi zjistili, Ze turisticky nejoblibengjsi jsou ptirodni mista, ktera jsou
zaroven dostupna. Na Tiebonisku se navic jedna o souvislost mezi hodnotami a ptilezitosti pro cyklo
dopravu a pé&8i turistiku. Takova zjisténi pfili§ neladila s tezi, ze vysoka ekosystémova integrita



koresponduje s misty s vysokou spole¢enskou hodnotou. Spolecenské hodnoty krajiny vznikaly na
rozhrani mezi antropogennim a ,,pfirodnim“ gradientem, pfi¢emz oba extrémy se na pomysiné ose se
vyznacovaly chud$im zastoupenim diversity hodnot. Pfedkladdand metodika bohuzel neni dostate¢né
citliva, aby podobné vztahy dostatecné prokazala, a proto metodické porovnani prostorového indexu
spolecenskych hodnot s biofyzikaln¢ meéfenym indexem ekosystémové integrity nepiineslo siné a
prokazatelné zavery, popisujici, jak tyto dvé slozky spolu souvisi, coz bylo jednim z cilt této prace.

3.4 Metodika mapovani

Metoda, kterd byla ozkousena v predkladané praci v mnohém navazuje na praci autort Klain a Chan
(2012). Autofi v této studii provadéli nejen kvalitativni rozhovory, ale i semi-kvantitativi hodnoceni
lokalit na mapé€. Zejména se zamétovali na porovnani percepce ekonomickych a mimo-ekonomickych
hodnot a celkové hodnotili pfinos mapovani v porovndni k ryze monetarné nebo biofyzikalné
orientovanym piistuptim. Soucasti jejich metodiky bylo semi-kvantitativni rozdélovani symbolickych
zetonli k oblastem dle jejich dulezitosti pro respondenta (z ekonomického hlediska, mimo-
ekonomického a hrozeb).
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zvladnutelné, protoze rusi plynulost rozhovoru. Navic, kdyZ do rozhovoru byla pfidana otazka ohledné
subjektivniho fazeni lokalit podle preference, vétSiné respondentli se takovému hodnoceni pficilo.
Samoziejmé existovaly pfipady, kdy bylo snadno mozné ohodnotit produktivitu urcitych rybnikt oproti
jinym, a do urcité miry to bylo mozné i u orné pidy; v piipade lesni produkce §lo urcit hodnotngjsi a
méné hodnotné lokality t€Zzce. U mimo-ekonomickych hodnot byl uspéch s aplikaci pofadi mnohem
niz8i. S mapovanim hrozeb to Slo nejhiife a ty byly proto z mapové reprezentace a analyzy vyloucenyl.
Cviceni zahrnutd v Klain a Chan (2012) lze na zdklad¢ vysledkli doporucit spi§ do formatu
participativniho seminafe nez hloubkovych rozhovort.

4  Zaver

V této kapitole byla predstavena metodika kvalitativniho rozhovoru a mapovani hodnot spjatych
s krajinou a ekosystémy vyzkumné oblasti CHKO Ttebonisko. Strukturované rozhovory umoznily
hluboky vhled do chapani krajiny vybranymi typy respondentd a zachytit hlavni hodnotové ramce a
podpofit tyto kategorie semi-kvantitativnimi a statistickymi metodami. Mapovy vystup této prace mize
poslouzit jako voditko pro urceni spolecenské hodnoty a vyuziti lokalit v pfedmétné oblasti, pficemz
vysledky mohou pfispét k formulaci teorie spoleCenské percepce krajiny, ekosystémové integrity a
sluzeb.

Porovnani mezi biofyzikalnim métenim a kvalitativnim mapovanim, které bylo zahrmuté jako dopliikova
metoda, bohuzel silné vysledky nepfineslo z diivodu zejména konceptualni nesourodosti a neuplnosti
datovych sad. Aby bylo mozné obé datové sady porovnavat napf. statistickymi metodami, bylo by
potieba, aby ob¢ vrstvy pokryvaly studovanou oblast stejnou mérou, k cemuz by lépe poslouZzilo
hodnoceni s vyuzitim vétsiho vzorku respondentt, naptiklad metodou PPGIS. Kvalitativni metoda sbéru
dat se navic soustiedila na odliSny fenomén, tedy subjektivni percepci krajinnych hodnot, zatimco
analyza dat z dalkového prizkumu Zemé popisovala fyzické struktury a procesy v studované oblasti,
coz vystupy z obou metod Cinilo obtizné porovnatelnymi (Hunziker et al., 2007;Hedblom et al., 2019.

1 Otazky tykajici se hrozeb nicméné vyrazn¢ pomohly hloubéji prozkoumat hodnoty krajiny, a proto je
1ze i tak silné¢ doporudit
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6 Appendix A

Obr. 3: Turistickd mapa, exportovana z Google maps, pouzita pii kvalitativnim mapovani véetné
zanesenych poznamek z rozhovoru (zaneseno vyzkumnikem)




7 Appendix B

Protokol pouzity pii hloubkovych rozhovorech

A.

Jaky je V&s vztah k predmétnému Uzemi?
a) zcela obecné, z hlediska profesniho i osobniho, zda- li zde bydlite, sportujete, zda-li
se o oblast jinak zajimdte ..

Jaké ¢innosti v souvislosti s krajinnym hospodarenim vykonavate?

a) Jednd se o chov ryb, péstovani plodin, védecky vyzum, uméleckd tvorba, kulturni
nebo sportovni akce ..?

b) pracoval jste v minulosti na pozici kterd souvisela s hospodareni s krajinou?

c) Jakjste se k Vasi soucasné pozici v organizaci X dostal? Proc jste se o predmétnou
krajinu zacal zajimat?

d) (Zménil se néjak vas zdjem/zaméstndni vzhledem k (typ ekosystému) v pribéhu
Casu? Jesli ano, jak?)

MuUzZete popsat néjaké zmény ve Vasi krajiné za posledni dobu, kterych jste si v§imlI? K
lepsimu/ horsimu?

Co si predstavite pod frazi “zdravy ekosystém/rybnik, les, pole”, co se Vam vybavi

nejprve kdyz slyste takovou frazi?

a) Jaké konkrétni ¢asti zdravého ekosystému mdte na mysli? MuZete uvést néjaké
priklady?

b) Jak pozndte Ze (typ ekosystému) je zdravy nebo ne? Co podle Vds indikuje zménu k
horsimu nebo lepsimu?

c) Jaké informace povaZujete za relevantni ohledné zdravi ekosystémii? MiZe se jednat
o vase vlastni pozorovdni, informace od rybdru, védecké vyzkumy a studie nebo jiné
druhy informaci.

Da se fici, Ze Vase zivobyti (nebo hospodateni obené) zavisi na zdravi
krajiny/ekosystému? MUzete tuto spojitost popsat?
a) Jak ji prozivate? Jak je silna? Jaké konkrétni faktory hraji roli?

Myslite si, Ze bychom méli zlepsit zplsob, kterym hospodatime s krajinou na CHKO
Treborisku? Existuji néjaké konkrétni feseni, kterd by zlepsila zplsob jak nakladame s



H.

krajinnym zdravim? Pokud Vds napadnou jakékoliv doporuceni nebo duleZité body, které
Byste rdd zddraznil.

Domnivate se Ze by nékteré sektory mély byt spravovdny jinak? Sektorem myslim
lesnictvi, rybarstvi a rybolov, zemédélstvi, téZby surovin, turismus..

Jaké problémy jsou dle Vas nejvice zadvazné a proc?

Prostorové dotazovani

A.

Popiste prosim lokality, které jsou pro Vas dulezité z hlediska ekonomického zisku nebo

zaméstnani? Na kterych lokalitdch v krajiné zavisi Vase Zivobyti/ekonomicky prijem?

a) Prosim oznacte na mapé lokality, které z Vaseho hlediska produkuji nejvétsi
ekonomicky zisk.

Jak by podle Vas omezeni v pfistupu ke zdrojlim (napf. omezeni v téZbé, znepfistupnéni,
zavedeni regulaci odchytu ale i ekologickd degradace, znecisténi) spojenych s témito
pfirodnimi systémy ovlivnilo Zivobyti a penéZni hodnotu kterou (pro V4as) maji? Méla by
néjakd omezeni kladny vliv na ekonomicky vyznam, nebo zdporny?

Jak vnimate napft. snahy ucinit CHKO Trebonsko KPZ (Krajinnou Pamatkovou Zénou)
nebo jeji zaclenéni do UNESCO v souvislosti s vyznamem krajiny z hlediska
ekonomického zisku a zaméstnani? Tazatel se neptd na pozadi potencidlnich spord, ale
zajimd se o vliv na hospodareni, ekonomicky zisk, charakter Zivnosti..

Jaké jsou hlavni faktory které by mohly vyrazné ovlivnit ekonomickou hodnotu oblasti,
které jste oznacil zelené na mapce? Mélo by se podle Vas néco délat, aby toto riziko
nevznikalo?

Dédictvi a vztah k mistu

Prejdéme nyni téma ekonomické hodnoty ekosystém( a jak je vyuZivame a zkusme se
zamyslet nad vyznamem nebo hodnotou krajiny bez ohledu na na jeji produkci zisku nebo
poskytovdni zdroji.



A. Mate nejaka oblibend mista na Treborisku, kterd rad navstévujete, fyzicky nebo v
predstavach, a ktera pro Vas maji specidlni hodnotu? MzZete popsat proc jsou tato
mista pro Vas dllezita?

a) Napadla by Vds mista, kterd maji historicky vyznam pro Vds a/nebo Vase zndmé?

b) MiZete popsat jaky druh vyznamu pro Vds toto misto md, co Vds napadd kdyZ o
tomto misté premyslite, jaké pocity zaZivdte, jaké asociace Vds napadaji? Pokud
budete chtit, uvedte jakékoliv zkusenosti nebo pfibéhy které se staly Vam nebo
nékomu z Vasi komunity, miZete pouZit jakdkoliv pfirovndni kterd Vam pomohou
vystihnout popisovany vztah.

Identita

Identitu tvori myslenky, vztahy a pocit ndleZeni, které utvdreji nase jd, kdo jsme a kam
patiime, jaké komunity jsme soucdsti apod. V tomto smyslu je identita vdzand i na konkrétni
fyzickd mista a aktivity, které zde délaji lidé spolecné i sami.

A. Existuji mista, ktera jsou dllezita z hlediska Vaseho pocitu identity ¢i identity skupiny
které jste ¢lenem? Jak byste tento vztah popsal a jak je podle Vas propojeni s krajinou
dllezité pro to kym jste a kam patfite, nebo naopak kym nejste a kam nepatfite? Od
koho se vtomto odliSujete?

Pohyb a Zivobyti

Pojdme si nyni pohovorit o mimoekonomickych hodnotdch nebo zkusenostech plynoucich z
fyvzické aktivity spojené s krajinou Treboriska.

Na Trebornsku je oblibena rekreace sportem, rybolovem, turistikou a dalsi fyzickou
aktivitou v€etné prace. Mezi prinosy takovych ¢innosti Ize pocitat dobré jidlo a dusevni i
télésné zdravi, ovSem i dalsi vice ¢i méné abstraktni kategorie. Pfedstavte si, Ze si
(chytite vlastni rybu...vypéstujete vlastni zeleninu, stfelite srnu) nebo Ze si ji koupite v
supermarketu, jaky je vtom pro Vas rozdil, pokud je néjaky?

Zkuste popsat pocit, ktery to ve Vas vyvolava. Proc¢ se ty dvé moznosti liSi co do

vyznamu?

a) MuZete popsat dalsi druhy prinosu, které pro Vds plynou z téchto Cinnosti, které se
netykaji pfimo jen téch (ryb)?

Duchovni

D. Duchovni hodnotu spojenou s uréitym mistem lze asi jen tézko vyjadrit, ale obecné ji Ize

priradit mistdm kterd nas upominaji na sily mocnéjsi nez jsme sami. Pocity plynouci z
takovych mist mohou byt pozitivni i negativni jako Ucta, Uzas, pokora nebo i strach.



E. Napadlo by Vas misto ve Vasem kraji, které by takové pocity vzbuzovalo? Budte
konkrétni nebo naopak abstraktni ve vztahu k pocitdm i mistiim, jak je Vam libo.

(Upozornit respondenta Ze jejich uvahy nemusi byt nijak hluboké, a také ze otazka pfimo
nesouvisi s ndboZenstvim nebo cirkvi)

Umeélecké

F. Nékterd mista jsou zdrojem tvofivé inspirace. Napadlo Vas nékdy, Zze nékterd by nékterd
mista na Treborisku mohla byt zdrojem umélecké inspirace v podobé vizualniho nebo
jiného uméni?

Pouéné/vzdélavaci

G. Pozoroval jste nékdy néjaky jev odehravajici se na néjakém misté v krajiné, naucil jste se
néco timto pozorovanim? Stalo se Vam nékdy Ze jste se skrze krajinu dozvédél néco
nového?

a) Vite o néjakych zvldst poucnych mistech? Kde jsou obzvldst prihodné podminky pro
vzdélavani? Budte, prosim, co nejkonkrétnéjsi.

Mezigeneracni

H. Existuji podle Vas zkuSenosti nebo pocity spojené s Treboriském, které byste si pral aby
zakouseli vasi potomci nebo mladsi generace? Jaké to jsou zazitky a co je Cini dulezitymi
pro generaci starsi nez jste Vy a ty, ktefi ptijdou po Vas?

I.  Proc jsou tyto véci dileZité napfi¢ generacemi?

Mapovani mimotrznich hodnot

Tyto posledni otdazky se vénovaly tomu ¢emu bychom rikali mimotrZni vyznam ekosystémda. |
kdyz jsou tyto prinosy pfirody obvykle tézko uchopitené, presto prosim zkuste oznacit oblasti,
které jsou z tohoto hediska pro Vds (ale tieba i obecné) dilezité, tedy z hlediska nezdvislého
na ekonomické nebo materidlni hodnoté.

MuZete poukdzat na konkrétni mista v krajiné? Proc jsou tak duleZita?

J.  Kdyby pristup k nebo kvalita téchto oblasti poklesla, tedy téch o kterych jte mluvil v
souvislosti s mimotrznimi kvalitami, vlivem poskozeni pfirodnich proces( nebo limitim
ze strany ochrany ptirody (regulace odhchytu, tézby), jak by to ovlivnilo Vas a lidi okolo
Vas? Vazil byste si pak takové lokality vice a kdyby ano tak pro¢ (nebo proc ne)?



a) Reknéme Ze kvalita takto na¢enych oblasti poklesne natolik, Ze to omezi Vasi
mozZnost je uZivat (napr. Kvalita vody), sniZilo by to ve vasich ocich jejich duleZitost
jakoZto poskytovatel(i nehmotnych statku? Byly by pak pro Vds vice ¢i méné
dalezité? Proc?

K. Jaké hlavni faktory by mohly ohrozit, to ¢eho si vazZite na lokalitdch zminénych jako
poskytujici mimoprodukéni honoty? Jsou néjakd reseni jak tomu predejit? Jaka?

Hrozby

A. Mohl Byste, s pomoci poukazat na mista, kde podle Vas dochazi k ohroZeni statk(, které
z krajiny/ lesa, rybnika, louky ziskavate? Proc je tato oblast ohroZena? Jaké jsou hlavni
zdroje ohrozeni?

Kdybyste mél rozdélit sto hypotetickych ¢ervenyh bodu k vyznacenym mistim dle jejich
zdvaznosti?

B. Jaké konkrétni véci nebo faktory by zejména zaporné ovlivnily to, ¢eho si na téchto
mistech cenite?

C. Co by se dalo udélat aby byly tyto hodnoty ochranény konkrétné v oznacenych
oblastech? Jaké statky je nutno branit?
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