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Abstrakt

Predkladana disertaéni prace zkouma interakce mezi ¢lovékem a pfirodou na uzemi
Ceska/Ceskoslovenska v dlouhodobé perspektivé (pfed vznikem Ceskoslovenska pro éeské
Uzemi a po jeho rozpadu v Cesku a na Slovensku dohromady). Vyzkum spada do
teoretického ramce socialniho metabolismu za pouzZiti metody materialovych a energetickych
tokd (MEFA) a ekologické stopy (ES). Pojem socialni metabolismus je odvozen z pojmu
metabolismus pouzivaném v biologickych védach. Spole¢nost neboli lidmi vytvofeny
socioekonomicky systém se chova podobné jako Zivy organismus: odebira zdroje z pfirody,
coz je analogické potravé, zabira uréité uzemi, udrzuje svoje hmotné struktury a vylu€uje
zpét odpady (analogie exkrece). Tyto procesy jsou nazyvany socialnim nebo industrialnim
metabolismem.

Tato disertaéni prace obsahuje soubor sedmi odbornych élanku. (1) Uvod do
vyzkumné oblasti, ve které se pohybuiji dal$i prace. Clanek shrnuje prace piednich
environmentalnich historik(l a snazi se zasadit vybrané ceskeé realie do kontextu
environmentalnich déjin a socialniho metabolismu. (II) Studie prezentujici sadu MEFA
indikatora spolu s ekologickou stopou mezi lety 1920 a 2000. (Ill) Tento ¢lanek aplikuje
metodu ekologické stopy na vybranou ekologickou farmu a srovnava vysledky s konvenénim
hospodafenim a dava je do souvislosti s fadou zahrani¢nich studii na toto téma. (IV) Analyza
energetickych tokil Ceskoslovenska v historické perspektivé od vzniku republiky do roku
2000. (V) Analyza energetickych tok( ¢eského/Ceskoslovenského uzemi v souvislosti s
vyuzitim Uzemi v obdobi mezi lety 1830 a 2000. Sleduje zmény energetickych tokl v
zavislosti na rGznych politickych systémech. (V1) Pfipadova studie ¢eského zemédélstvi z
pohledu socialniho metabolismu prezentuje vybrané indikatory energetickych tokd
v zemédélstvi od roku 1920 do roku 2005. (V1) Analyza socioekonomickych hnacich sil
emisi CO, v Rakousku a Ceskoslovensku b&hem 19. a 20. stoleti, ktera poskytuje vhled do
podobnosti a rozdilnosti mezi témito dvéma zemémi.

Pét ¢lankl bylo publikovano, jeden je v tisku a jeden v recenznim Fizeni. K jednomu
¢lanku existuje databaze pristupna na internetovych strankach vénovanych zménam vyuziti
uzemi ¢eského LUCC tymu a na strankach IFF Social Ecology ve Vidni.

Industrializace vyznamné proménila sociometabolicky profil
Ceského/Ceskoslovenského uzemi. Navzdory intenzifikaci a rostouci efektivité hospodarstvi

vyvoj neprobihal udrzitelnym smérem.

Kliéova slova: socialni metabolismus, materialové a energetické toky (MEFA), ekologicka
stopa, Ceskoslovensko, Cesko, vyuziti uzemi, environmentalni déjiny.
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Abstract

This dissertation is based on the conceptual framework of social metabolism and it
applies methods of Material and Energy Flow Analysis and Ecological Footprint. It studies
interactions between human activities and natural environment in Czech/Czechoslovak
territory from the historical perspective (after the division of Czechoslovakia for Czechia and
Slovakia together). The term of social metabolism is a metaphor inspired by biology. Society
or human economy similarly to a living organism which extracts materials from the earth,
processes biophysical materials to maintain itself and emits its wastes back. So the
economic system functions in an analogy to a living organism and those processes are
called “social” or “industrial” metabolism.

This dissertation comprises seven individual empirical studies: (I) An introduction to a
research topic covered in following articles. It is based on the work of leading world
environmental historian and it interprets selected Czech realities within the context of the
world environmental history. (lI) The historical series of MEFA indicators together with
ecological footprint. (Ill) An article which applies the ecological footprint method on the
ecological farm in comparison to conventional agriculture in the context of more foreign
studies on this topic. (IV) An Energy Flow Analysis of Czechoslovakia from historical
perspective from the establishing of Czechoslovakia to 2000. (V) An Energy Flow Analysis
(EFA) for Czechoslovakia in the time period 1830-2000 that tracks changes in the region’s
socio-economic energy use during several stages of political regimes. The effects of energy
use on the region’s land use system are also discussed. (VI) A case study of the Czech
agriculture from social metabolic perspective which presents selected energy flow indicators
and analyses inputs and outputs of energy to and from the agricultural system. (VII) An
analysis of socio-economic drivers of CO, emissions in Austria and Czechoslovakia during
the 19th and 20th centuries that provides an insight into the similarities and differences
between the two countries.

Five of the articles have been published: two articles create a chapter of a book and
rest of them is from scientific journals. One is in print and one is under review. For one of the
articles, the underlying dataset is publicly accessible on the website devoted to Land Use
Changes of Czechia and on the website of the Institute of Social Ecology Vienna.

Industrialization changed the sociometabolic profile of Czech/Czechoslovak territory
in a fundamental way. In spite of intensification and growing efficiency of the Czech economy

the development didn’t proceeded in a sustainable way.

Keywords: social metabolism, Material and Energy Flow Analysis (MEFA), ecological

footprint, Czechoslovakia, Czechia, land use, environmental history.
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Motto: Poznat nesmirnou slozitost skute¢nosti, to je pro mne véc ucty k Zivotu, ktera se
stupfiuje v UZas.
Karel Capek

Uvod

Predkladana prace se sklada ze sedmi publikaci, které se tykaji tzemi Ceska a
byvalého Ceskoslovenska a zkoumaji interakce mezi lidmi vytvofenym (socioekonomickym)
systémem a jeho pfirodnim prostfedim. Analyzy jsou zpracovany pomoci metod, které se
snazi kvantifikovat dopady lidskych aktivit na pfirodu a zdokumentovat biofyzikalni naroky
jejich ekonomického systému (naroky ve formé hmoty, energie a plochy). Vyzkum interakci
Clovék — pfiroda prezentovany v této praci probiha v Sir§im konceptualnim ramci obecné
nazyvaném socialni metabolismus (vyskytuji se rovnéz oznaceni industrialni Ci
socioekonomicky metabolismus). Zminény koncept si pro vyzkum komplexnich, ¢lovékem
vytvofenych systému (napf. ekonomik, resp. interakci spole€nosti a pfirody v ramci tzv.
socioekologického systému) nasel inspiraci v biologii — pfirovnava socioekonomicky systém
k zivému organismu, ktery podobné jako on odebira zdroje z pfirody ke svému rlstu a
hmotnému udrzovani, zabira urcité uzemi a vylu€uje zpét své odpady (Ayres a Simonis
1994; Fischer-Kowalski a Weiss 1999).

V dnesni dobé Zijeme v pIné industrializované spolecnosti oznacované Casto jako
spolecnost postindustrialni. Akceleruje v ni rychlost spotfeby, tim i Eerpani zdrojl a zabirani
prostoru. Znamy environmentalni historik John McNeill (USA) argumentuje ve své knize ne
nahodou nazvané ,Néco nového pod Sluncem® nebyvalym narlstem vyuzivani energie ve
dvacatém stoleti, které vztahuje k vyvoji a ristu ekonomik. Lidstvo ma za sebou dvacaté
stoleti, které bylo nevidané ve smyslu technického rozvoje a jeho rychlosti, ristu populace,
zivotni Urovné, ale s tim vS§im i spojenych dopadu na pfirodu (McNeill 2000). Za poslednich
sto let vzrostla globalné spotfeba materiald osmkrat, lidstvo nyni vyuziva skoro 60 mid. tun
riznych materialt ro¢né, rlst jejich spotieby je rychlejSi nez pfiristek populace a spotieba
hmoty se v pfepoctu na osobu v pribéhu 20. stoleti zdvojnasobila (Krausmann et al. 2009).

Bé&hem minulého stoleti vzrostla napfiklad spotfeba vody &i po€et chovanych prasat
devétkrat, svétova ekonomika &trnactkrat, spotfeba energie a emise sklenikovych plynu se
zvySily sedmnactkrat, svétovy obchod dvaadvacetkrat, mofsky rybolov pétatficetkrat,
primyslova vyroba Ctyficetkrat a nakladni doprava sto pétatficetkrat (McNeill 2000). Planeta
Zemeé vSak neroste. Pfetvafime krajinu, hubime mnohé Zivocisné i rostlinné druhy,
zasahujeme do kolobéhu zivin v pfirodé, a dokonce je velmi pravdépodobné, Ze jsme narusili

klimatickou rovnovahu Zemé. Zda se, ze mame pfed sebou spoustu zmén (McNeill 2000).
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Na rozdil od sougasnosti existovala v preindustriani éfe antroposféra’ v citlivé
rovnovaze s biosférou a ostatnimi prvky zemského systému. Lidstvo bylo soucasti pfirodniho
ekosystému. Odpady byly recyklovany pfirodnimi rozkladnymi procesy, mineralni a kovové
predméty (od stavebnich prvkl po zbrang, nastroje ¢i platidla) byly pouzivany a
znovuvyuzivany po staleti i tisicileti (Ayres a Simonis 1994). Dnes ale pravé naopak zijeme
v dobé, kdy je fada véci urena pouze na jedno pouziti. Zkracuje se také primérna zivotnost
spotfebnich pfedmétl, a i kdyz efektivita napfiklad nékterych spotfebitl roste, Uspory takto
vzniklé byvaiji zpravidla prevazeny ristem jejich spotfebovaného mnozstvi a rovnéz ristem
spotfeby energie (OECD 2002). Zatimco v preindustrialnim obdobi byly v pravém slova
smyslu neudrzitelnymi disledky lidské ekonomické aktivity pouze dopady lokalni (napfiklad
nevratné zmény krajiny odleshovanim a erozi v nékterych regionech hlavné v severni Africe
a na Stfednim vychodé), dnes jiz se jedna o problémy globalniho rozsahu a dopadu.

Mluvime o ,svétové ekonomice®, ktera ma koreny jiz v 18. stoleti (Clark a Munn
1986), a od pocatku devadesatych let se hojné objevuje pojem globalizace. Ta zacala de
facto objevenim a kolonizaci Ameriky (existuji rdzné pohledy na puvod a vznik globalizace,
ale neni zamérem této prace je detailné&ji analyzovat a posuzovat). Ve zkratce znamena
globalizace stéle vétsi propojenost svéta v jednu velkou spoleénost prostiednictvim
komplexu vzajemnych komunikacnich, informacnich, ekonomickych, obchodnich, kulturnich,
ekologickych a jinych vazeb a rovnéz relativni zkracovani vzdalenosti.

Od pogatku priimyslové, védeckotechnologické a informaéni revoluce?® znaéné
narlista poptavka po mnoha druzich zbozi a sluzeb. Tato poptavka je pfitom na jedné strané
svéta uspokojovana €asto odebiranim zdroji na jeho opacéném konci. Technologicky vyvoj a
pokrok v poslednich zhruba sto letech umoznil jednu zasadni véc. Dfive lidé museli Zit
v mezich, které jim vytyCovala pfiroda. Jednoduse zaviseli na pfirodnich zdrojich a
produkénim potencialu oblasti, kde Zili. V biologii je znam pojem nosna nebo také unosna
kapacita prostfedi, jez ur€uje, kolik jedincu dané populace zminéné uzemi uzivi bez
zni€ujicich zpétnych dopadl na danou lokalitu. Technologie a zahrani¢ni obchod vSak
umoznuji dnesnim lidem nosnou kapacitu zemi, regiona riiznych fad az po makroregiony,
v nichz ziji, uméle zvySovat. Lokalni a narodni ekonomiky se ,odpoutaly“ od uzemi, v némz
jsou lokalizovany. Otazkou rovnéz je, zda zminény zpUlsob hospodareni muze fungovat
celoplanetarné, pokud by méli vSichni lidé stejné velké naroky, které by zaroven neustale

rostly. Nékteré védecké analyzy ukazuji, Ze v souasné dobeé jiz pfirodni limity pfekradujeme.

! Pojem antroposféra je definovan jako lidmi vytvofené prostiedi. V geografii existuje rovnéz pojem ekumena pro
lidmi obyvané oblasti, zastavéna uzemi atp. a anekumena, naopak lidmi neosidlené oblasti.

2 Napf. Eesky historik J. Pur§ vypracoval koncepci tzv. komplexni revoluce moderni doby, ktera méla fazi
pramyslové revoluce, technickovédecké revoluce a védeckotechnologické revoluce (Pur§ 1973 s. 367).
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Mluvi se rovnéz o nerovnosti mezi bohatym Severem a chudym Jihem, kdy méné rozvinuté
zemé budou mit do budoucna potfeby svoje naroky na pfirodni zdroje zvySovat.

V tomto ohledu patfi mezi nejvyznamnéjsi oblasti zemédélska produkce a vyuzivani
energie. Napfiklad rozloha orné plidy se v globalnim méfitku od poloviny devatenactého
stoleti do soudasnosti zdvojnasobila. Ale v rozvinutych zemich véetné& Ceska od zadatku 20.
stol. klesa, a to stale rychleji (JeleCek 1995; Bicik et al. 2001, Jele€ek 2007b). Lidstvo Celi
obdobi chronickych, rozsahlych a extrémné komplexnich syndromi vzajemné zavislosti mezi
globalni ekonomikou a zivotnim prostfedim (Clark a Munn 1986).

Od pocatku pramyslové revoluce a s ni spojenym rostoucim vyuzivanim fosilnich
paliv nartsta vycet neudrzitelnych environmentalnich trendu (viz napf. Ayres a Simonis
1994, s. xii):

o ,Narlst podilu sklenikovych plynd v atmosféfe,

. ni¢eni ozonove vrstvy,

) okyselovani pady a povrchové vody,

. narast obsahu toxickych latek v sedimentech a padé (zejména tézkych kovu),
. rdst produkce radioaktivnich odpadu,

o akumulace perzistentnich organickych chemikalii v Zivotnim prostfedi,

o kontaminace a vy€erpavani podzemni vody,

o ztrata tropickych lesu, mokradu, biodiverzity atd.”

V souvislosti s uvedenymi alespon dil¢imi informacemi neni pfekvapivé, Zze v prabéhu
20. stoleti vyznamné vzrostl zajem o Zivotni prostfedi, ktery vyustil v definovani nutnosti
pfechodu lidstva na rozvoj, ktery by nevratné nenicil Zivot podporujici pfirodni systémy.
oznacuje pojmem ,udrzitelny rozvoj“ (viz dale).

ZvySeni zajmu o Zivotni prostfedi, jeho vyzkum a ochranu napfi¢ védnimi disciplinami
podnitilo nékolik konkrétnich udalosti. Americka biolozka Rachel Carson dala v USA do
pohybu, Ize fici, masové environmentalni hnuti svoji slavnou a kultovni knihou ,Mi&ici jaro*
(poprvé vysla v roce 1962, od té doby dosahla nejméné 25 vydani). Upozornila zde na
nebezpecéné pouzivani pesticidl (DDT), které kromé Skidcu zabiji i zpévné ptactvo (odtud
nazev knihy). V roce 1970 se pak ve Spojenych statech uskuteénily prvni oslavy ,Dne Zemé*
a v navaznosti na néj se formoval moderni environmentalismus® a zrodila se fada

transdisciplinarnich obort. Mezi nimi napfiklad i environmentalni déjiny (viz napf. Worster

*Tenlze definovat jako lidové, spole¢enskeé i politické hnuti, zpisob mysleni, Zivota a Zivotni postoj usilujici
riiznymi formami a metodami o environmentalizaci spole¢nosti, ekonomiky a politiky, tj. cilové o optimalizaci
vzajemného plsobeni spole¢nosti a pFirody.
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1993, Simonns 1993, Jelecek 1994, McNeill 2000, Jelecek 2000, McNeill a McNeill 2003,
Winiwarter et al. 2004, Hornborg et al. 2007, Jelecek 2010).

Dal$im meznikem je varovani globalniho think tanku, tzv. Rimského klubu,
prostfednictvim publikace knihy ,Meze rastu” v 70. letech 20. stol. (Meadows et al. 1972),
ktera vyslala vyrazné signaly o pfekroCeni unosné kapacity prostredi lidstvem. | kdyZ se cela
fada predpovédi obsazenych v knize nepotvrdila (minimalné datovani budouciho vyCerpani
nékterych zdrojl), kniha podnitila dilezitou debatu o ¢erpani pfirodnich zdroju a
ekonomickém systému zalozeném na neustalém ristu a poukazala na hlavni rozpor mezi
neomezenym ekonomickym rlistem a omezenosti planety Zemé.

Neustale rostouci globalni populaci (pfibyvajici kazdym dnem o Ctvrt miliénu)

v soucasnosti stale jeSté umoznuji nasytit a energeticky zajistit bohaté zdroje fosilnich paliv.
Nyné&jsi populace Citajici kolem 6,8 miliard lidi se ma podle nékterych tvrzeni cca za 45 let
zdvojnasobit, nez se stabilizuje. Stfedni odhady OSN (2009) hovofi o 9 miliardach lidi na
planeté Zemi v roce 2050. Tlak na spotfebu a produkci potravin a na intenzitu spotfeby a
vyroby paliv a energie tak v budoucnosti jesté vyznamné poroste. Proto budou nabyvat na
vyznamu analyzy hlavnich zdrojd, na nichz zavisime (pGda, voda, energie, biomasa).
Pomohou vést planovani politik a zakonU pro jednotlivce, ale i na narodni arovni, které budou
Celit nevyhnutelnému dilematu, jak mize byt kazdy nasycen pfi sou€asném ubyvani

pfirodnich zdroju (Pimentel a Pimentel 1996).

MysSlenka rozvoje, ktery uspokoji potfeby sou€asnych lidi, a pfitom neohrozi moznosti
pfistich generaci a neznici pfirodni prostfedi, se objevila v roce 1980 v takzvané Svétové
strategii ochrany Mezinarodni unie pro ochranu pfirody (World Conservation Strategy of the
International Union for the Conservation of Nature) (IUCN, UNEP a WWF 1980). O rok
pozdéji vysla kniha Lestera Browna ,Budovani udrzitelné spoleénosti“ (Building a
Sustainable Society), v roce 1984 publikoval Norman Myers praci ,Gaia: An Atlas of Planet
Management®.

Oficialné pak o nékolik let pozdéji definovala udrzitelny rozvoj Svétova komise pro
zivotni prostfedi a rozvoj (World Commision on Environment and Development), ktera
upozornila na nezbytnost odebirat z pfirody jen tolik, kolik se stai obnovovat bez ztrat na jeji
dal8i produkéni kapacité. Ucinila tak ve své znamé zprave s titulem ,NaSe spole¢na
budoucnost’ (Our Common Future, esky 1991). Udrzitelny rozvoj definovala jako takovy
rozvoj, ktery zajisti naplnéni potfeb sou€asné spole€nosti, aniz by ohrozil moznost spinéni
potfeb generaci pfistich (WCED 1987). Tato zprava je také znama pod nazvem ,Brundtland
Report* podle jména norské premiérky, ktera komisi pfedsedala. Zatimco ,NaSe spole¢na
budoucnost” pojem udrZitelny rozvoj definovala, konference OSN o Zivotnim prostfedi a

rozvoji v roce 1992 v Rio de Janeiro jeho principy rozebrala ve vSech oblastech lidské



Petra Kuskova — Socialni metabolismus ¢eského a ¢eskoslovenského tUzemi v dlouhodobé perspektivé 15

Cinnosti. Zavéry a doporuceni konference jsou zpracovany v dokumentu znamém jako
Agenda 21. Koncept udrzitelného rozvoje pfijalo mnoho narodnich vlad a mezinarodnich
organizaci jako jeden z hlavnich principl pro tvorbu své verejné politiky. S tim vyvstala
logicka potfeba hlub$iho poznani environmentalnich problému a také poptavka po novych
druzich indikatoru, které by lépe analyzovaly a popisovaly socioekonomické systémy a jejich
vztahy k pfirodnimu prostfedi.

Je tfeba upozornit na skuteCnost, Ze donedavna byly hlavnimi indikatory prospéchu
ekonomiky (zejména v byvalém Ceskoslovensku, na které se tato prace soustfedi) napfiklad
mnozstvi vyrobené oceli ¢ produkce masa nebo hrubého narodniho produktu (dnes hrubého
domaciho produktu). V sou¢asné dobé se vSak ukazuje, ze jednim z kli¢ovych ukazatell pro
charakteristiku ekonomické urovné a vyspélosti je napfiklad materialova narocnost a cilem
by mélo byt ji co nejvice snizovat (Eurostat 2007). ,Z mnoha ddvodu musi byt indikatory
energetické a materialové spotfeby pochopeny spise jako indikatory ekonomického selhani,”
argumentuji Ayres a Simonis (1994, s. 33).

Vysledky vyzkumu v ramci konceptu socialniho metabolismu byvaiji vyjadfovany ve
fyzikalnich jednotkach: tunach, jednotkach plochy, joulech. Poskytuji tak podstatné jiny
pohled na studované entity nez analyzy zaloZzené na socioekonomickych datech, které pro
popis lidskych aktivit pouzivaji ve velké mife monetarni vyjadreni.

VétSina praci zde prezentovanych pojima zkoumanou problematiku z dlouhodobé
perspektivy vétsinou od vzniku Ceskoslovenska v roce 1918. V jedné studii se mi v§ak
podaifilo tento pohled ve spolupraci s rakouskymi kolegy rozSifit do horizontu objimajiciho
170 let. Prace se tedy tyka ¢eského a Ceskoslovenského uzemi — pro obdobi pfed vznikem
Ceskoslovenska pro &eské uzemi, déle je zahrnuta prace tykajici se éeského zemédélstvi
(viz dale). Cast praci tykajici se Geskoslovenského Uzemi zahrnuje také fyzicky zahraniéni
obchod — proto byla volena jako jednotka vyzkumu entita, pro kterou jsou tato data
k dispozici (v obdobi Ceskoslovenska neni mozné sledovat zahraniéni obchod obou zemi
zvlast). Pro obdobi po rozpadu Ceskoslovenska jsou v analyzach seéteny hodnoty danych
indikatord obou nastupnickych zemi. Historicky pfistup jsem zvolila zejména proto, ze
soucasny stav krajiny, geobiosféry, geografické organizace lidskych aktivit atd. je vysledkem
minulych procesu. Jejich znalost je proto nezbytna pro pochopeni dnesniho stavu a
zpracovani odhadu mozného budouciho vyvoje (viz také napf. FischerKowalski a Haberl
2007).
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A. Teoreticko-metodologické ramce vyzkumu interakce

spole€énost-prostredi

Jak vyplyva z uvodu, v poslednich pfiblizné sto letech doslo a stale dochazi
k nebyvalému védeckotechnickému pokroku a tim i k nebyvalé akceleraci vlivu ¢lovéka na
pFirodu. | kdyZ pusobeni mezi spole¢nosti a pfirodou je oboustranné, v poslednich
desetiletich nabyva v souvislosti s narlistem environmentalnich problému na vyznamu
zejména studium plsobeni ¢lovéka na pfirodu. V mnoha pfipadech dospély zmény prostredi
zpUsobené Clovékem do takového stadia, ze je velmi tézké posoudit, co je vice pfirodnim a
co lidmi vytvofenym systémem (vezméme si napfiklad klasicky pojem ,agroekosystém® &i
~kulturni krajina“). Dopady lidskych aktivit na pfirodu maji ¢asto negativni a nevratné
nasledky. Proto se v poslednich desetiletich mluvi o takzvané ,globalni environmentalni
zméné“ (Turner et al. 1993). Zminéna problematika ziskava velkou pozornost rovnéz na poli
mezinarodni politiky, s ¢imz souvisi rostouci zajem o moznosti pfechodu fungovani lidstva
k udrzitelnému rozvoji. Mnozi hovofi o environmentalni krizi, dokonce se ozyvaji i hlasy
katastrofické. Nicméné je tfeba se snazit na tyto problémy hledét stfizlivé. Jak piSe Smil
(2000), odborna vefejnost se déli na dva tabory: tzv. katastrofisty“ a ,kornukopiany*.
Katastrofisté vidi budoucnost lidi na planeté Zemi velmi ¢erné, pokud se co nejdfive
radikalné nezméni pfistup ¢lovéka k pfirodé, a kornukopiani na druhou stranu slepé véfi
v nové technologie a védecky pokrok. Smil (2000) se distancuje od obou extrému a
zdurazriuje dalezitost poznani v oblasti interakci ¢lovéka a pfirody.

Vedle nyni nejCastéji diskutovaného vlivu ¢lovéka na klimaticky systém celi lidstvo ve
dvacatém prvnim stoleti nespoctu dalSich environmentalnich problému: prelidnénosti
mnohych regiond, plytvani cennymi pfirodnimi zdroji, nartstajicim problémim s dostupnosti
pitné vody (zejména ve tfetim svété), rozSifovani pousti, masivnimu odlesnovani v biologicky
a ekologicky cennych oblastech, problémim s narlstajicim objemem odpadu, rostoucimu
znecisténi vod i ovzdusi, a hlavné nebyvalému snizovani biodiverzity (které nema obdoby od
druhohor). Pro dalSi zabezpeceni dlouhodobého fungovani lidské civilizace na planeté Zemi
bez nevratného poskozovani pfirodnich, zivot podporujicich systému (tzv. statku a sluzeb
biosféry), se tak znalosti interakci ¢lovéka a pfirody jevi jako kliCové. K pochopeni takovych
komplexnich jevl ale jiz nepostacuje pouze jednostranné pfirodovédné zaméreni. Je potieba
jej propojovat s dalSimi obory a pFistupy napfiklad v oblasti socialnich véd. Geografie,
zejména socialni geografie (Sifeji human geography), se pro tento smér vyzkumu jevi jako
idealni platforma pravé diky svému mezioborovému charakteru. Je dulezité nejen popsat
vytyCené téma, ale hledat souvislosti a rizné uhly pohledu kombinaci rdznych

konceptualnich nastroja a pfistupt, které mohou napomoci k porozumeéni slozitych
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environmentalnich problém(. Na tomto zakladé se pak snazit o srozumitelnou interpretaci,
ktera mlze prispét k fFeSeni danych problému na dalSich urovnich, a to zejména
rozhodovacich (at jiz regionalnich ¢&i globalnich). Velkou vyzvou je hledani odpovédi na
otazky, jak mohou byt dlouhodobé a rozsahlé interakce mezi prostfedim a civilizaénim
rozvojem lépe zvladnuty a tak posileny vyhlidky na ekologicky udrzZitelné zdokonaleni kvality
lidského zivota ,wellbeing” (Clark a Munn 1986, Fischer-Kowalski a Haberl 2007).

S potiebou fesit environmentalni problémy a naucit se fungovat v ramci planetarnich
ekosystému udrzitelné vzrista v mezinarodnim vyzkumu v poslednich desetiletich zajem o
celkovou analyzu tokd energie a materiald riiznymi ekonomickymi systémy, jejich pochopeni
a hledani udrzitelnych trendd (Ayres a Simonis 1994, Eurostat 2007, Fischer-Kowalski a
Haberl 2007).

Interakce ¢lovék — pfiroda vyzaduji zkoumani riznymi druhy védeckych metod. Vedle
jiz existujicich oboru proto vznikaji v poslednich desetiletich rovnéz nové védni discipliny,
které lezi na pomezi téch ,puvodnich®. Napfiklad ,socialni ekologie (Social Ecology)*,
»industrialni ekologie (Industrial Ecology)“, ,kulturni ekologie (Cultural Ecology) “, ,ekologie
Clovéka (Human Ecology)®, ,véda o udrzitelném rozvoji (Sustainability Science),
Lenvironmentalni déjiny (Environmental History)” nebo ,environmentalni geografie
(Environmental Geography)”. VSechny maji spole¢ny zaklad s geografii v prolinani studia
komplexnich jevl vyplyvajicich ze vztahu ¢lovéka neboli spole¢nosti a ekonomického
systému s prostfedim, v némz dlouhodobé funguje. Jde tedy o vyvoj v ase a prostoru.

Z potifeby harmonického fungovani ¢lovéka v ramci pfirodniho prostfedi vznikl rovnéz obor,
nazyvany ,ekologicka ekonomie (Ecological Economics)”, ktery se snazi skloubit ekonomické
poznatky a pravidla se znalostmi a metodami véd o Zivotnim prostfedi s cilem pochopit
interakce mezi lidmi a pfirodou a odpovédét na otazky typu jak lépe fungovat ve vztahu

k pfirodé, jaké mezi nimi existuji vazby atd. Jedna z definici vymezuje Ecological Economics
jako mezioborove pole vyzkumu, které ma za cil zkoumat provazanost a koevoluci lidské
ekonomiky a pfirodnich procesu v prostoru a ¢ase (Xepapadeas 2008) — tedy velmi blizké
geografii.

Soubézné se vznikem novych obor(l byla zalozena rovnéz fada mezinarodnich
védeckych spole¢nosti zabyvajicich se vyzkumem plsobeni ¢lovéka na pfirodu. Mezi nimi
napfiklad IHDP (International Human Dimension Programme on Global Environmental
Change a IGBP (International Global Biosphere Programme), které se podilely na
mezinarodnim projektu LUCC (Land Use and Cover Change), jenZ je nasledovan
v souCasnosti Global Land Project. DalSimi mezinarodnimi spoleénostmi jsou napfiklad
ICEHO (International Consortium of Environmental History Organisations), ESEH (European
Society of Environmental History), ISEE (International Society for Ecological Economics)

nebo ISIE (International Society for Industrial Ecology). Spole¢nosti pofadaji podnétné
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konference a vydavaji mezinarodni impaktované Casopisy (nap¥. Ecological Economics,
Journal of Industrial Ecology a dalsi).

Dulezity rozdil mezi vy$e zminénymi jmenovanymi obory a klasickymi védami
studujicimi fungovani lidskych systémd, resp. neoklasickymi pfistupy (napfiklad
ekonomickymi védami) je uznani skute¢nosti, ze ekonomicky systém je ovliviiovan,
respektive omezen fyzikalnimi zakony. S tim souvisi zmény paradigmat ve védé. JeleCek
(2007a, s. 5) mluvi o environmentalizaci védy: ,Environmentalizaci védy Ize charakterizovat
jako jeden z procest ménicich paradigma jednotlivych védnich oboru a disciplin
dislednéjSim pfihlizenim k environmentalnim aspektiim, souvislostem a dusledkim
zkoumanych nebo spoleénosti feSenych &i fizenych procest a probléma.*

Nové paradigma stavi zejména na zakladnim predpokladu, ze lidsky systém funguje
uvnitf jako soucast vétsiho systému, tj. Zemé, tudiz musi respektovat urcita omezeni, ktera
z nich vyplyvaji. Zakladni obraz spolec¢nosti ¢i ekonomického systému jako
termodynamického systému popsal znamy ekonom a zakladatel ekologické ekonomie
Georgescu-Roegen (1971). Podobné napfiklad popisuje Worster lidsky systém jako ,malou®
ekonomiku, ktera je soucasti pfirodni ,velké“ ekonomiky (Worster 1994).

Vyzkumné aktivity zde popisované problematiky proto hledaji cestu, jak by méla
spole¢nost fungovat, existuji-li néjaké limity existence ¢lovéka v ramci pfirody, a snazi se
vyvijet metody jejich kvantifikace. Odtud vyplyva, Ze na rozdil od ekonomie nevyjadfuji
vysledky v monetarnich jednotkach, ale v jednotkach fyzikalnich, jako jsou napfiklad jednotky
plochy, energie a hmotnosti. Ekologicka ekonomie (Ecological Economics) zahrnuje také
studium metabolismu spolecnosti, tedy méfi a interpretuje mnozstvi spotifebovanych
material( a energie, zaboru ploch, produkce odpadll. Tento podobor se také nékdy nazyva
wbiofyzikalni ekonomie* (Cleveland a Costanza 2008).

Metody, které pouzivam v této praci, jsou €asto pouzivany jak v ekologické ekonomii,
tak i v ramci socialni ekologie, environmenalnich déjin, avSak i v dalSich oborech (zminéna
studia se v mnohém prolinaiji).

Jak jsem vysSe uvedla, jednim ze sméru vyzkumu globalni environmentalni zmény je
studium vztahu spoleénosti jakozto ekonomického systému a pfirodniho prostredi ve smyslu
vymény materiall a tokd energie a zabirani prostoru. Toto studium pouziva fadu metod (jimz
bude vénovan dostate¢ny prostor dale), které je mozno shrnout pod jeden koncept €i pojem:
socialni nebo jinak také industrialni metabolismus (Ayres a Simonis 1994; Fischer-Kowalski
a Weiss 1999; Fischer-Kowalski a Haberl 2007). Tento koncept odkazuje na analogii mezi
lidskou spolecnosti a zivymi organismy praveé ve smyslu vymény material( a zabirani plochy:
odebirani materiald z prostfedi odpovida u zivych organismu potravé a zpétné uvolfiovani

odpadl exkreci.
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Praveé studium interakci ¢lovék — pfiroda spojuje oblast mého vyzkumu s geografii, kde ma
zkoumani vzajemnych vztahl mezi ¢lovékem a prostfedim dlouhou tradici. Nejznamé;jsi
definice vymezuji geografii pravé jako studium interakci ¢lovéka a pfirody v prostoru a ¢ase
(napf. Johnston 2001, Bu€ek a Mikulik 1988, Hagett 1975, Encyklopedie Diderot 1999).
Koncept, v jehoz ramci se predloZena prace pohybuije, je tedy plné zafaditelny do
geografického vyzkumu: rovnéz zkouma interakce ¢lovéka a prirody v prostoru a Case.
Zejména socialni geografie se detailngji snazi do vyzkumu zaclenit vedle
fyzickogeografickych také socioekonomické a demografické faktory, ale dokonce na adresu
samotné fyzické geografie podotyka Kalvoda (2004): ,zavaznym ukolem fyzické geografie je
také vyzkum prostorovych a ¢asovych vztah( pfirodniho prostfedi a spole¢nosti.”

Ve vztahu ke geografickému vyzkumu tzv. ,Albertovské Skoly“ navazuje tato prace
Uzce na aktivity vyzkumné skupiny zaméfené na zmény vyuziti ploch (Bicik et al. 2001, Bi¢ik
a Jancak 2001, Kupkova 2001, Bi¢ik a Jan¢ak 2003, étych et al. 2005, étych 2007, Kabrda
2008, Ras8in 2010) a dale uzce souvisi s pracemi historické geografie (JeleCek 1995) a
environmentalnimi déjinami (JeleCek 1994, JeleCek 2010). Okrajové souvisi studium
socialniho metabolismu s pracemi Hampla (1998, 2007), zejména v pfedmétu studia, jimz
jsou komplexni systémy. ,Environmentalni pfistup se uplatfiuje v Ceské geografii od 80. let
20. stoleti, kdy se za€ala zabyvat i vyzkumem promén Zivotniho prostfedi, resp. krajiny
v dlouhodobé interakci pfiroda — spole€nost,” (JeleCek 2007, s 6)4.

Dale se v ramci geografickych oboru rozviji pfimo vyzkum dopadu lidské €innosti na
pfirodu — tj. environmentalni geografie. Toto propojeni ,human geography“ a ,environmental
studies” vzniklo s cilem studovat a zkoumat interakce ¢lovéka a pfirody (viz napf Bowler,
1992). Vyznamnym kanadskym geografem ¢eského puvodu, ktery se ve svych pracich
zabyva naroky lidského systému na energii a potraviny, je napfiklad Vaclav Smil, prosluly
knihou ,Feeding the World. A Challenge for the Twenty-First Century“ (Smil 2000). Mezi dalSi
znaméjsi prace geografl studujici interakce mezi lidskymi aktivitami a pfirodnim prostfedim
patfi napfiklad studie Younga et al. (2006) ¢i prace zaméfené na zemédélstvi Bayliss-Smith
(1982) nebo na dalkovy priizkum (Bayliss-Smith a Owens 1990).

Metodicky pfistup zkoumajici interakce ¢lovéka a pfirody (konkrétné v ramci
industrialniho metabolismu) vyplyvajici z geografie pouziva napf. Anderberg (1998). Autor
dava prednost analyze tokl napfiklad jednoho vyrobku, puvodu surovin, pouziti a kone¢né
likvidaci (viz obr. 1). ZdUrazriuje pfitom, Ze je dllezité vytvorit analyzu kontextu tokd
materialu a energie z hlediska primyslové, ekonomické a geografické zmény a aktivnéji

hledat vazby na politické a pramyslové rozhodovani, na lidské chovani a zvyky. Spojeni

* J. Korgak (1985, s. 31) tehdy naléhavé poukazal na to, Ze ,,...ve stfedu geografického mysleni by mél byt osud
biosféry“ (citovano v Jele¢ek 20073, s 6).
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hleda napfiklad s konceptem T. Hagerstranda The Process Landscape (Hagerstrand 1993,
cit. v Anderberg 1998).

Obrazek 1: Zivotni cyklus vysavadée od vyroby, dopravy jednotlivych surovin a sougastek az

po konecné pouZiti.

Time
(in months)

Zdroj: Lenntorp (1993), pouzito v Andenberg (1998)
Poznamka: Vysavac je pouzivan v Norsku, motor pochazi z USA (1), PVC trubky z Kanady
(2), zelezné &asti ze Svédska (3), motor ventilaéniho systému z Némecka (4). Na dal$ich

mistech jsou pak vysavace uskladnény (5), monovany (6) a pouzivany (7).

1. Socialni metabolismus

ProtoZe klasické hodnotici systémy spadajici do paradigmatu neoklasické ekonomie
po vzniku diskuse o udrzZitelném rozvoji prestaly stacit, zaCala se hojné objevovat méfeni a
hodnoceni lidmi vytvofenych (napf. ekonomickych) systému pomoci biofyzikalnich pfistupt.
Monetarni vyjadieni interakci mezi lidskou ekonomikou a jejim habitatem se ukazala jako
nedostate¢na a nekompetentni (Martinez-Allier 1987). Jednim z takovychto pfistupu je
koncept socialniho metabolismu a rovnéz metody spadajici do jeho rdmce (viz déle).
Biofyzikalni systémy hodnoceni postavené na redukcionistickém pfistupu se pokousSeji
objasnit rizné aspekty metabolismu rozdilnych systéma (napfiklad produké&nich Ci

spotfebnich) pomoci spoleénych jmenovatelt jinych nez finanénich — napfiklad energie
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(energetické toky) &i pudy (ekologicka stopa), detailnéj$i shrnuti této problematiky viz
Gasparados et al. (2009).

Definici a charakteristiku socialniho metabolismu (uziva se také spojeni industrialni
metabolismus) pfedlozili Ayres a Simonis v knize ,Industrial Metabolism® (1994), resp. Ayres
(1994). Shrnuti pfistupl vyzkumu interakci lidmi vytvofeného systému a pfirodniho prostiedi
vypracovali Fischer-Kowalski a Weiss (1999) a Fischer-Kowalski a Haberl (2007), pfinosnou
i pro nas vyzkum LUCC: ,Socioecological Transitions and Global Change. Trajectories of
Social Metabolism and Land Use*.

Pojem metabolismus, jak je pouzivan v jeho plvodnim biologickém kontextu,
oznacuje vnitfni procesy v organismu. Organismus pfijima potravu — energeticky bohaté
materialy s nizkou entropii, aby si zajistil svoji existenci a funkce a také néco navic, aby mohl
rust a reprodukovat se. Tento proces také nevyhnutelné zahrnuje exkreci nebo exhalaci
odpadnich produkt( sloZzenych z degradovanych materialt s velkou entropii® (Ayres a
Simonis 1994). Pravé zde mizeme najit analogii mezi biologickym organismem a
industrialnimi aktivitami neboli celym ekonomickym systémem. Ne jenom proto, Ze oba
systémy zpracovavaji energii a jsou toky volné energie pohanény, ale také protoZe oba jsou
sebeorganizujici neboli tzv. ,disipativni“ systémy v ustaleném stavu daleko od
termodynamické rovnovahy (Georgescu-Roegen 1971, Ayres a Simonis1994 s. 3).

Z toho vyplyva, Ze socialni metabolismus je vysledkem a jednim z procesu interakci
Clovéka a pfirody, tedy vnitfnim procesem socioekologického systému, ktery zahrnuje jak
pfirodni ¢ast, tak ¢ast tvofenou lidskou spole€nosti (&i ekonomickym systémem jako
takovym). Diagram 1 dokumentuje, Ze jak socioekologicky, tak lidsky systém jsou ,hybridem®
zahrnujicim pfirodni i kulturni procesy. Na urovni pfirodni sféry je tento systém ovliviiovan
prirodnimi zakony, kulturni sféra zahrnuje zpusoby fungovani spole¢nosti (hodnoty,
technologie, legislativa, apod.), prinik tvofi biofyzikalni struktury spoleénosti nazyvané
artefakty (Clovékem vytvorené struktury). Na zakladé konceptu socialniho metabolismu
mohou interakce mezi pfirodou a kulturou probihat pouze v ramci téchto biofyzikalnich
struktur (Fischer-Kowalski a Haberl 2007).

Socialni metabolismus tedy zahrnuje procesy Cerpani zdroja z pfirody, tvorbu zasob
(napfiklad budovy, lidska téla, artefakty) a zpétné uvolfovani odpadu. Procesy probihaji pfes
hranice lidmi vytvofeného a pfirodniho systému (viz diagram 2). Pfedkladana prace se
zabyva hlavné energetickymi toky, tudiz se soustfedi na materialy pfeveditelné na energii
(coz neni mozné napfiklad u stavebnich materiald, jako je pisek, kamen atd.). Na
nejabstraktné&jsi urovni popisu je tedy metabolismus hospodafstvi €i jeho &asti — odvétvi

(prdmyslu, zemédélstvi atd.) souborem fyzikalnich procesu ve vice ¢i méné ustaleném stavu,

° Pojem entropie vyjadfuje miru neusporadanosti zkoumaného systému.
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které prevadéji surové materialy, energii a praci na kone¢né produkty a odpady. Zkoumany
systém lezi zpravidla na definovaném uzemi a vymériuje si materialy nejen s danym
uzemim, které zabira, ale také s okolim — napfiklad s ostatnimi staty (Ayres a Simonis,
1994). Na tomto misté& mluvi v souvislosti se zabory ploch a jejich modifikaci Fischer-
Kowalski a Weiss (1999) Fischer-Kowalski a Haberl (2007) o ,kolonizaci pfirody* (nature

colonisation).
Diagram 1: Socioekologicky a lidsky systém jako ,hybrid® pfirodnich a kulturnich procesu.

Ptirodni (biofyzikalni) Kulturni (symbolicka)
sféra pric¢innosti sféra pficinnosti

Biofyzikalni

Pfiroda < L struktury
spole¢nosti

. . Spole¢nost
| Materialni svét |

Socioekologicky systém

Zdroj: Fischer-Kowalski a Haberl (2007)

Poznamka: Na urovni pfirodni sféry je systém ovlivhiovan pfirodnimi zakony, kulturni sféra
zahrnuje zpUsoby fungovani spole€nosti (hodnoty, technologie, legislativa, apod.), prinik
tvori biofyzikalni struktury spolecnosti neboli tzv. artefakty (lovékem vytvorené struktury). Na
zakladé konceptu socialniho metabolismu mohou interakce mezi pfirodou a kulturou probihat

pouze v ramci téchto biofyzikalnich struktur.

Stabilizujici kontrolu systému zajiStuje jeho lidska slozka. Lidska role ma dva aspekty:
pfimy v podobé vstupu prace a nepfimy na vystupu jako spotfebitel. Systém je stabilizovan
alesponi ve své decentralizované soutéziveé trzni formé, tj. vyrovnavanim nabidky a poptavky
pro produkty a praci cenovymi mechanismy. Takto je jakykoliv ekonomicky systém v zakladé
metabolicky regulativni mechanismus (Ayres a Simonis 1994).

Socialni (industrialni) metabolismus muze byt ur€en a popsan na mnoha dalSich
urovnich ve vztahu k uzemi. Tak je tento koncept jasné aplikovatelny na narody nebo

regiony, zejména na ,pfirodni“ regiony, jako jsou povodi &i ostrovy (viz napfiklad ,The Rhine
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basin study” (Andenberg 1998)). Kli¢em k regionalni analyze je existence dobie
definovanych geografickych rozmezi &i hranic, podél nichz mohou byt toky materiald a
energie monitorovany (Ayres a Simonis 1994).

Toky materiald a energii jsou v ramci konceptu mapovany pomoci metody
materialovych a energetickych tokd (MEFA — Material and Energy Flow Analysis) (Eurostat
2001, 2007; Haberl 2002, Weisz et al. 2006) (viz dale).

Diagram 2: Socioekologicky systém

Domaci environment Export Import
A
. Fyzicka ¢ast spolec¢nosti
Agro-ekosystém v
Fosilni Produkéni systém Lidska prace
les zdroje
-drevo - Zpraco- Lidska populace
» vani

jidlo
Orna plda v
-sklizen
-krmeni .

1> Doméci vir
o 3| extrakce > o I —
slama » Chovna materiald
Trvalé zvifata
kultury
-ovoce, — T | Energeticke
vino 1 ; vyuziti
-sklizen - Zvifeci prace |
M = = = o =] ) ,

Travni T
porosty v v v
-pastva || [e Vystupy do prirody
-seno

Zdroj: upraveno dle Krausmann (2004)

Poznamka: Do lidmi vytvofeného systému vstupuji toky energie a materiall z pfirodniho
prostfedi (domaci environment) a z ostatnich systému (Export, Import). Agroekosystém je na
pomezi pfirodniho a ¢lovékem vytvofeného systému. Domaci extrakci za pomoci fosilnich
zdrojl se odebiraji zdroje a vstupuji dale do ekonomického systému, kde po zpracovani dale
putuji ven ze systému jako vystupy (odpady) do pfirody, €i zlistavaji v systému jako
spotfebni suroviny (zde jidlo pro lidskou populaci). Chov hospodaiskych zvifat je povazovan
za soucast lidmi vytvofeného systému. Kategorie studované v pifedkladané praci jsou

v diagramu 2 oznaceny Sedivé.

Jako dalsi analogii mezi biologickym a industridlnim metabolismem uvadi Ayres a

Simonis (1994) Zivotni cykly &i pfirodni kolobéhy jednotlivych prvkd nebo vody, napfiklad
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cyklus uhliku, dusiku, siry, hydrologicky cyklus atd. Cyklus materiald mize byt obecné
vizualizovan ve smyslu systému oddil( obsahujicich statky jednoho &i vice Zivin, spojenych
s urcitymi toky. Napfiklad v pfipadé hydrologického cyklu ledovce, oceany, sladkovodni
jezera a podzemni voda jsou statky, zatimco vodopady a feky jsou toky. Systém je uzavien
v pfipadé, Ze zde neexistuji vnéjsi zdroje nebo propady. Uzavieny systém se stava
uzavienym systémem, pokud je také zaroven v ustaleném stavu, v némz jsou zasoby

v kazdém oddile pfinejmensim v priméru neménné. To znamena, ze vstupy materiali by
mély byt vyrovnany (alespon v priméru) s vystupy. V tomto sméru je Zemé jako celek

v podstaté uzavienym systémem s vyjimkou meteoritll (odhlédneme-Ili od neustalého pfisunu
slunecni energie, ktera cely systém pohani) (Ayres a Simonis 1994).

Pokud v8ak podminka vyrovnanych vstupl a vystup( neni pro dany oddil spinéna,
tak zasoba v jednom ¢&i ve vice oddilech musi vzrlstat, zatimco zasoby v ostatnich musi
klesat, a systém pak neni v rovnovazném stavu (Ayres a Simonis 1994). Hlavni rys, kterym
se industrialni metabolismus li8i od pfirodniho metabolismu Zemé, je tedy skute€nost, Ze
zatimco zminéné pfirodni cykly jsou uzavrené, industrialni cykly jsou oteviené. Jinymi slovy,
industrialni systém zpravidla nerecykluje své ,ziviny“. Industrialni systém vétSinou odebira
z prirody vysoce kvalitni materialy (fosilni paliva, kovy) a navraci je do pfirody v degradované
formé. Zatimco uzavieny systém tokd muaze fungovat ,neomezené“ dlouho, pokud pretrvava
Musi se bud stabilizovat, nebo zkolabovat na teplotni rovnovazny stav, ve kterém se

v8echny toky, tj. vSechny fyzické a biologické procesy zastavi (Ayres a Simonis 1994).

1.1 Sociometabolické profily

Nabizi se otazka, zda lidstvo je ve svém dynamickém vyvoji v globalnim méfitku ve
stavu zminéné termodynamické rovnovahy ¢&i nikoliv. McNeill (2000) popisuje dvacate stoleti
jako stoleti expanze prakticky vSech méfitelnych spolecensko-ekonomickych indikatort od
hrubého domaciho produktu, populace po spotfebu energie a hmoty. S odkazem na ného
argumentuji Fischer-Kowalski a Haberl (2007), Ze v tomto kontextu jsme spiSe uprostfed
bouflivého pfechodu z jednoho stavu do druhého nez ve stavu rovnovazném.

Jiz Odum (1973) pfedpovidal, ze lidstvo by mélo z faze ristu pfejit do takzvaného
rovnovazného stavu (angl. steady state economy). Podobné se ekonomikou, ktera neni
zalozena implicitné na ristu, zabyvaiji také Daly (1977) i Costanza a Daly (1987) nebo
Boulding (1985).

Pfechod (angl. transition) z jednoho stavu spole¢nosti do jiného probiha v nékolika

stupnich: pocatec¢ni faze (take-off phase), kdy je systém stale ve ,statu quo®, ale jsou jiz
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patrné znamky destabilizace. PoCateéni faze je nasledovana fazi akceleracni (acceleration
phase), b&hem které se odehravaji rychlé zmény. Dale nasleduje stabiliza¢ni faze
(stabilization phase), ve které se zmény zpomali a za¢ina ,krystalizovat® novy stav
rovnovahy (Fischer-Kowalski a Haberl 2007). Podle vySe uvedenych zavéru se lidstvo

nachazi spise v akceleracni fazi (Fischer-Kowalski a Haberl 2007).

V ramci vyvoje otevieného lidského systému, ktery je z hlediska 2.
termodynamického zakona v dlouhodobé ¢asové perspektivé neudrzitelny (v sou¢asném
zpUsobu fungovani — angl. ,bussines as usuall®, pozn. P.K.) si Ayres a Simonnis (1994 s. 7)

pokladaji pét zasadnich otazek:

1. »Stabilizuje se industrialni systém bez vnéjSich zasah(?
2. Pokud ano, kdy a v jaké konfiguraci?
3. Pokud ne, existuje néjaky stabilni stav (napfiklad pokud systém uzavie

materialové toky), kratkodoby nebo konecny, ktery by byl dosazitelny né&jakym
technologickym feSenim?

Pokud ano, jakym feSenim a jak drahé by bylo?

Pokud ne, kolik €asu mame, nez nezvratné zmény bio-geosféry ucini Zemi
neobyvatelnou? Pokud se jedna o fadové miliardu let, nemusime se
strachovat. Pokud je to sto let, civilizace a dokonce i lidska rasa mohou byt uz

v sou€asnosti v hlubokych problémech®.

Kowalski a Haberl (2007) shromazdili fadu pfipadovych studii a vyzkumnych praci a
zabyvaiji se detailnéji pfechody z riznych typl takzvanych metabolickych profild v Case a
prostoru. Kromé zaboru a vyuzivani ploch, v€etné jeho zmén, a pouzivanim materiall je
lidska spole¢nost charakterizovana vyuzivanim energie. Energie je definovana jako
dopadajici na povrch planety Zemé ve formé svétla. Tuto energii vazi rostliny a preménuiji ji
na energii chemickou, kterou vyuzivaji pro svou potfebu spolu se zvifaty, které se rostlinami
zivi. Mnoho lidskych aktivit primarné zavisi na slunec¢ni energii, zejména zemédélstvi a
lesnictvi. Slunec¢ni energie je také zakladem pro vétrnou a vodni energii i ostatni typy
energetickych systému — fosilni energie je v podstaté vazana sluneéni energie rostlinami
pfed miliony let. V ramci proudéni energie systémem funguje zakon o zachovani hmoty a
energie a druhy termodynamicky zakon (Pimentel a Pimentel 1996).

Rlzna spolecenska usporadani jak v prabéhu vyvoje v €ase, tak i rizna spolecenstvi
na riznych mistech Zemé mohou mit rdzné druhy metabolismu (viz Box 1). Dokladem toho
je rozdil mezi vyspélymi a méné rozvinutymi zemémi, napfiklad mezi Evropou €&i rovnikovou

Afrikou. Detailngjsi studii globalniho metabolismu publikoval Krausmann et al. (2009).
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Analyzy z hlediska materialovych tok( tykajicich se Ceska provedli kromé autorky této prace
Séasny et al. (2001) a Kovanda et al. (2009).

Spolecnost, v niz pfevazovalo/zuje zemédélstvi, zejména pred primyslovou revoluci,
a spolecnost, ktera jiz dospéla do industrialni faze vyvoje, maiji rizné vzorce tokl energie
skrz jejich vyrobni systémy. Maji rizny ,metabolismus spole¢nosti“ neboli ,metabolicky profil*
(Fischer-Kowalski a Haberl 2007).

Sieferle (2001) rozdélil spole¢nosti do dvou hlavnich skupin v zavislosti na tom, jakym
zpUsobem hospodafi s energii neboli jaky je jejich ,energeticky metabolismus®; tj. na
spolecnosti zavislé na slunecni energii a spole¢nosti se systémem fosilni energie.

Lovci a sbéradi pasivné vyuzivaji sluneéni energii, to znamena, Ze jejich
socioekomicky energeticky metabolismus zavisi na intenzité slunecniho zafeni a vazani jeho
energie do rostlinné biomasy, pfi€emz oni sami do tohoto procesu nijak vyznamné
nezasahuji. Tak museji lovci a sbéraci viceméné Zit ze zdrojd, které najdou, a nemohou ani
nakumulovat vyznamné&jsi mnozstvi hmoty ani vazné znedistit svoje Zivotni prostredi.
Jedinym nebezpe€im se muze stat nadmérné odebirani kliCcovych zdroju. Je zde napfiklad
uréita pravdépodobnost, Ze lovci a sbéradi v pleistocénu pfispéli k vyhubeni vétSich zvifat.
Tento druh hospodareni (metabolismus) pfetrvaval na Zemi tisice let, mnohem déle nez
nase soucasna spole¢nost s primyslovym zplsobem hospodareni, které trva asi 300 let.

Zemédélské spolecnosti dle Sieferleho (2001) aktivné vyuzZivaji energii pomoci
mechanickych nastroju a vyuzivanim urcitych rostlin zasahuji do pfirozeného procesu
vstiebavani slunecni energie rostlinami. Kaceji lesy, vytvareji “agroekosystémy” (lidmi
pfeménéné ekosystémy — zemédélské ekosystémy — pole, louky), péstuji nové druhy plodin
a snazi se zbavit téch nepotfebnych. Jejich zakladni strategii je ovladnout uzemi (a tim
vlastné rovnéz odpovidajici slunecni svit). V pokrocilejSich spole¢nostech prevadéji slune¢ni
energii, ktera se vyskytuje na Zemi ve formé vétru mechanickymi prostfedky (napf. vétrnymi
mlyny), dalSi formu energie pomoci vodnich mlyna, hamrt atd.) na pohyb, jenz mohou lidé
vyuzit.

Soucasny primyslovy model spoleénosti a zpusobl jejiho hospodareni je zalozen na
vyuzivani fosilnich paliv — tedy na vstupu energie zvenci. Fosilni epocha se zda byt do
budoucna omezena nejenom omezenym mnozstvim zdrojdl, ale také tim, ze uvadi do pohybu
globalni zmény Zivot podporujicich systému. Zda se tedy, Ze se jedna o epochu pfechodnou,
protoze z hlediska vice nez milion let trvajici existence ¢lovéka na planeté Zemi znamena
fosilni epocha pouze kratky okamzik. Era zavislosti na fosilnich palivech bude jednou jako
malé bliknuti v historii — okolo 400 let, nebo cca 0,1 procent €asu lidského pobytu na planeté
(Pimentel a Pimentel 1996).
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Box 1. Rozlieni dvou zakladnich systému hospodareni s energii riznych spole¢nosti dle

tzv. rizného ,energetického profilu®

,METABOLISMUS LIDSKE SPOLECNOSTI*

ZEMEDELSKA SPOLECNOST

»Clovékem Fizeny systém slunecni energie“ — energie je ziskavana z lidmi pfeménéného
/a kontrolovaného/ prostfedi /pole, louka, les/, tzv. ,agro-ekosystému*

Slunecni energie proto, Ze veSkera energie, kterou takto Clovék ziska, je sluneéni energie
fixovana fotosyntézou do rostlinnych tél. Lidé odebiraji energii ve formé& biomasy

/potrava, krmivo pro dobytek/

Takovy zemédélsky systém poskytuje vice energie, nez do néj élovék vklada /ve formé

prace, hnojiva — v tomto pfipadé pfirodniho/

PRUMYSLOVA SPOLECNOST

,»Systém fosilni energie“ — na rozdil od pfedchoziho systému, jehoz pfisun energie je
zavisly na biomase, tedy plose, u tohoto systému hraji dilezitou roli vstupy energie zvenci —
energie fosilnich paliv, ktera nahrazuje lidskou praci a praci zvirat. Tento vnéjsi vstup

energie neni omezen plochou. Rikadme, Ze se odpoutdva od ptdy.

Zemédélsky systém tohoto typu je zavisly na vnéjsich prisunech energie, které jsou

vysSsSi nez nasledné vystupy — Clovék ,,dotuje” systém zvenci.

Zdroj: upraveno dle Kowalski a Haberl (2007) a Sieferle (2001).

Kowalski a Haberl (2007) se soustfedili na detailni studium pfechodu ze
zemeédélského typu metabolickych profild do profilt industrialnich. Hlavnim sdélenim jejich
souboru ¢lanku a pfipadovych studii je zavér, ze se vyvoj lidské civilizace nachazi stale
v prechodné fazi, ktera ma svoje pocatky zhruba pred tfi sta lety. Regiony globalniho Severu
a globalniho Jihu jsou vsak v jinych fazich.

V ramci studii vychazejicich z konceptu socialniho metabolismu bylo provedeno jiz
relativné mnoho vyzkum a stale se objevuji na poli mezinarodni védy nové prace. Na

konkrétni publikace odkazuji podle aktualnosti tématu v souboru pfilozenych praci.
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2. Metodologické ramce vyzkumu interakce spole¢nost-

prostredi
2.1 Metoda vypoctu ekologické stopy

Ekologicka stopa (ES) definované populace (jednotlivec, mésto, stat apod.) je celkova
plocha ekologicky produktivni zemé&® a vodni plochy vyuzivana vyhradné k zajisténi zdrojd a
asimilaci odpadl produkovanych danou populaci (vétSinou zapocitava pouze oxid uhlicity ze
spalovani), pfi pouzivani bé€znych technologii. ES je vyjadfovana v jednotkach plosné miry.
(Wackernagel a Rees 1996, Wackernagel et al. 1999).

ES je zalozena na predpokladu, Zze mizeme kvantifikovat vétSinu zdrojli odebranych
z prirody a nasledné spotfebovanych a Ze je mozné odhadnout plochu, ktera byla potfeba
k jejich vyprodukovani. Kazda lidska aktivita ma dopady na pfirodni prostfedi at’ se jedna o
ziskavani zdroju z prostfedi €i zpétné uvolfiovani odpadd, pfi¢emz je kazda polozka spotieby
na svem zacatku odebrana z plochy, ktera zdroje produkuje.

Lidské aktivity v hlubSi minulosti vétSinou nepfekraCovaly velikost Uzemi, na kterém
dané spolecCnosti zily. Aktivity a obZiva byla ur€ena nosnou kapacitou prostfedi. Nosna
kapacita je v klasickych biologickych védach definovana jako velikost populace, kterou je
dané uzemi schopno uzivit neomezené dlouho bez ztraty svych produkénich funkci.

V soucasné dobé vsak lokalni nosna kapacita prostfedi nehraje pro lidské aktivity zpravidla
ddlezitou roli, protoze zdroje, které nejsou lokalné k dispozici, se bézné dovazi. Proto
ekologicka stopa prevraci obvykly vyznam pojmu nosné kapacity prostfedi — stanovuje
rozlohu uzemi, ktera jedince &i populaci Zivi, pfi€emz naroky na potfebnou plochu produktivni
Uuzemi sumarizuje bez ohledu na jakém misté planety se nachazi. Vysledkem je plocha
uzemi, které nemusi splyvat s domovskym regionem a v mnoha pfipadech je v dusledku
zminéného pfemistovani ekologickych statk( rozptylené v riznych ¢astech planety.

ES Ize urcit na nejraznéjSich urovnich od ES jednotlivce, mésta a firmy pfes narod az
na globalni uroven. ES vétSinou vyjadiuje ,momentku” (snapshot) zpravidla pro jednotlivy
rok, ale existuji i prace, které obsahuji vypocty pro Casové fady (napfiklad Haberl et al. 2001
a Erb 2004).

Detailni popis vypoctu ES je zahrnut v metodickych ¢astech souboru jednotlivych
studii, které tvofi souCast této disertacni prace. Zde jen ve stru€nosti charakterizuji princip
vypoctu. Koncept ES je zaméfen hlavné na obnovitelné zdroje (s vyjimkou fosilnich paliv).

Fosilni paliva se zapoc€itavaji jako plocha rostouciho lesa potfebna ke vstfebani oxidu

6 Ekologicky (biologicky) produktivni zemé (produktivni pada) — aredly s vyznamnou rostlinnou nebo Zivo¢isnou
produktivitou (produkci na jednotku plochy); jejich souget pro urcitou zemi dava jeji dostupnou ekologickou
(biologickou) kapacitu.



Petra Kuskova — Socialni metabolismus ¢eského a ¢eskoslovenského tUzemi v dlouhodobé perspektivé 29

uhli¢itého vzniklého pfi jejich spaleni. Pfepocet neobnovitelnych materiald na plochu je
vyjadren napriklad velikosti zastavéné plochy, kam se daji pfipadné zapocitat plochy dolu,
kde se dané materidly téZi. Jinak se neobnovitelné materialy zapocCitavaji jako tzv. vtélena
energie (nutna na jejich ziskani, pfepracovani, pfepravovani atd.).

Vypocet ES je vicefazovy proces. Prvnim krokem je ureni spotfebnich slozek a
zmeéfeni jejich mnozstvi. DalSim krokem je zjisténi plochy potfebné k jejich produkci: u
zemédélskych plodin napfiklad pomoci vynosu z plochy — lokalnich ¢€i globalnich — podle
pouzitého typu metodiky; u dfeva pak napfiklad pomoci ro¢niho pfiristku na ploSe.
Specifickou ¢asti je urCeni takzvané ,energetické zemé*: jedna se, jak uz bylo vyse
naznaceno, o plochu potfebnou pro vstfebani oxidu uhli¢itého uvolnéného pfi spalovani

mnozstvi spotfebovanych energetickych surovin, pfesnéji o plochu rostouciho lesa.

2.2 Analyza materialovych a energetickych toku

Na zakladé vySe popsaneého teoretického konceptu socialniho metabolismu byly
vytvofeny metodické postupy kvantifikace vymény materiald mezi studovanym systémem a
jeho prostredim, tj. tzv.: ,Analyza materidlovych a energetickych tok(" (Material and Energy
Flow Analysis — MEFA). Je dullezité podotknout, Ze zminény nastroj nekvantifikuje pouze
vyménu materiald mezi studovanym systémem (napfiklad narodni ekonomikou) a
prostfedim, ale téz interakce s ostatnimi systémy (ekonomikami) pomoci kvantifikace objemu
zahrani¢niho obchodu. Analyza materialovych a energetickych tok( pfedstavuje nastroj,
ktery kvantifikuje materialové a energetické vstupy a vystupy do a z ekonomiky nejcastéji
s pouzitim statistickych dat pro jednotlivé ekonomiky zemi. V pfipadé analyzy materialovych
tokd (MFA) jsou vysledky vyjadfovany v jednotkach hmotnosti, nej¢astéji v tunach suché
vahy (DM - dry matter) a analyza energetickych tok( (EFA) pfevadi sledované materialy na
energetickou hodnotu, presnéji hrubé spalné teplo’ (Gross Calorific Value) (Haberl 1995), a
je vyjadfovana v Joulech (GJ, TJ, PJ). Lze fici, Ze analyza energetickych tokl vychazi pfimo
z analyzy materialovych tokl a je do jisté miry jejim vylepSenim, protoZe zpravidla latky
obsahujici vice energie maji nasledné i vy$3i negativni dopady na Zivotni prostfedi (Haberl
2002).

Princip vypoctu je pro obé ¢asti MEFA totozny, rozdil je pouze v tom, Ze do EFA neni
mozné zahrnout materialy nepfeveditelné na energii (nékteré stavebni materialy, pisek,

kamen atp.). Na druhou stranu je vdak mozné v ramci EFA zapoditat i praci lidi, zvifat €i

" Hrubé spalné teplo (Gross Calorific Value) je mnoZstvi tepla uvolnéného pfi spalovani jednotky dané substance.
Hrubé spalné teplo pfedpoklada, ze vSechna voda béhem spaleni zkondenzuje a zahrnuje rovnéz energii na jeji
kondenzaci.
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strojli (v jednotkach energie). Kvantifikace prace se pouziva zejména pfi historickych
analyzach, které srovnavaji preindustrialni a industrialni obdobi a je vhodna rovnéz napfiklad
pfi studiu méné rozvinutych ekonomik, kde lidska a zvifeci prace stale hraje dalezitou roli.

Na strané vstupu do ekonomiky jsou zahrnuty zdroje odebrané z pfirody, jmenovité
se jedna o sklizen a téZbu a ostatni vstupy, v pfipadé analyzy na narodni urovni je to
zejména dovoz. Metoda se na strané vstupl snazi rovnéz kvantifikovat nepfimé a skryté toky
spojené se zpracovanim materiall pfed dovozem do zemé &i rozptylené toky do prostiedi pfi
dopravé (emise) atd. Strana vystupl zahrnuje odpady a vyvozy, rozdil mezi vstupy a vystupy

je takzvany ,Cisty pfirdstek zasob“ (Net Addition to Stock — NAS).

Hlavni indikatory materialovych a energetickych toku:

o DE — Domestic Extraction — domaci extrakce (tézba a sklizen ¢i lov)
o DMI — Direct Material Input, DEI — Direct Energy Input — pfimy materialovy

(energeticky) vstup

DMI (DEI) = DE + Import; [tDM, J]

o DMC — Domestic Material Consumption, DEC — Domestic Energetic Consumption,

domaci materialova (energeticka) spotfeba

DEC (DMC) = DE + Import — Export; [tDM, J]

) TMR — Total Material Requirements, TER - Total Energetic Requirements — celkové

materialové (energetické) naroky

TMR (TER) = DE + Import + neuzita téZba a sklizen + nepfimé toky spojené
s dovozem; [tDM, J]
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3. Cile, vstupni predpoklady a zavéry souboru praci
3.1 Seznam praci

I) KUSKOVA, P. (2008): Od lovce sbérage k industriainimu metabolismu. Klaudyan —

internetovy €asopis pro historickou geografii a environmentalni déjiny. 5, €. 2, s. 73-84.

1) KUSKOVA, P. (2009): The long term industrial transformation study for the territory
of Czechoslovakia. In: Malhotra, G.(ed.): Environmental Growth. A Global Perspective.
Macmillan Publishers India Ltd., New Delhi, s. 202—215.

lI) LUSTIGOVA, L., KUSKOVA, P. (2006): Ecological footprint in the organic farming
system. Agricultural Economics (CZ), 52, €. 11, s. 503-5009.

IV) KUSKOVA, P. (2008): Social metabolism within the Czechoslovak territory from a
historical perspective — energy flow analysis. In: Szabo, P. and Hédl, R. (eds): Human
Nature: Studies in Historical Ecology and Environmental History. Institute of Botany of the
ASCR, Brno, s. 74-85.

V) KUSKOVA, P., GINGRICH, S., and KRAUSMANN, F. (2008): Long term changes
in social metabolism and land use in Czechoslovakia, 1830-2000: An energy transition under

changing political regimes. Ecological Economics, 68, €. 1-2, s. 394-407.

V1) KUSKOVA, P. (2009): A case study of the Czech agriculture since 1918 from the
social metabolic perspective — from land reform through nationalisation to privatisation. Land

Use Policy, v recenznim fizeni.

V1) GINGRICH, S., KUSKOVA, P., STEINBERGER, J. K. (2010): Long-term changes
in CO; - emissions in Austria and Czechoslovakia - identifying the drivers of environmental

pressures. Energy Policy, v tisku.

Predkladanou disertaéni praci tvofi sedm ¢lankd, z toho pét publikovanych (I — V),
jeden v tisku (VII) a jeden v recenznim Fizeni (VI). Clanky Il a IV jsou &astmi odbornych knih,

ostatni jsou ¢lanky odbornych ¢asopisu.
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3.2 Zakladni predpoklady prace

Na Ceském, resp. Ceskoslovenském Uzemi se v historii udala fada dudlezitych ,zlom(”,
které mély vyznamny dopad na socialni a ekonomicky systém a na Zivotni prostredi. Uzemi
Ceskoslovenska je z hlediska socioekonomického metabolismu zajimavé pro ménici se
druhy ekonomickych systému, nebot po roce 1918 nové se formujici nastupnicky stat
Rakouska-Uherska, jehoz bylo pramyslovou zakladnou, reprezentoval vysoce
industrializovanou evropskou demokratickou zemi. V obdobi komunismu (1948-1989) bylo
Ceskoslovensko centralné planovanou a fizenou ekonomikou, od revoluce v roce 1989
proslo prudkou transformaci ke kapitalismu a integraci do EU. Biofyzikalni aspekty
hospodafstvi zaviseji na téchto znacich. Mohou se chovat v ramci prudkych zmén r(izné

v zavislosti na vy$si, tj. evropskeé az globalni, situaci.

Cile prace

Prace zkouma, jak se tento dynamicky a diskontinualni vyvoj socioekonomickych a
politickych podminek promital v biofyzikalnich vztazich mezi spole€nosti a pfirodou. V centru
zajmu vyzkumu je ménici se vztah mezi vyuzitim uzemi, socioekonomickym metabolismem a

populaci.

Vyzkumné otazky

o Jak se ménilo vyuzivani domacich zdroju a pro¢? Jak se vyvijelo odebirani biomasy
a fosilnich mineralt b&éhem studovaného ¢asového obdobi a které trendy byly hlavni
vzhledem k jednotlivym kategoriim biomasy/energie?

o Jak se vyvijely fyzické vztahy k ostatnim ekonomikam? Jak se vyvijely dovozy a
vyvozy biomasy, fosilnich paliv a elektrické energie a které faktory tento vyvoj
ovliviiovaly?

e Jak se ménila struktura pracovnich sil a co ji zpusobovalo? (Podil pracujicich v
pramyslu versus pracujicich v zemédeélstvi.) Jak se zménily demografické
charakteristiky spole¢nosti?

o Jak byly zmény biofyzikalnich vlastnosti hospodafrstvi vazany na zmény ve
spolecnosti? Jaké jsou dulezité faktory zmén (politické zmény, vyvoj novych
technologii, zmény v socialni struktufe, rozdily mezi centralné planovanou
ekonomikou a ostatnimi systémy a proc¢?

o Jak se systém na zminéném Uzemi vyvijel s ohledem na energetické aspekty

metabolismu?



Petra Kuskova — Socialni metabolismus ¢eského a Eeskoslovenského Uzemi v dlouhodobé perspektivé 33

3.3 Komentar k predkladanym pracim

1) KUSKOVA, P. (2008): Od lovce sbéraée k industrialnimu metabolismu. Klaudyan —
internetovy €asopis pro historickou geografii a environmentalni déjiny. Ro¢nik 5, ¢.
2.s.73-84.

Prvni €lanek tvofi logicky uvod k nasledujicim pracim, které spadaji do vyse
charakterizovaného teoretického ramce socialniho metabolismu, zejména jeho energetickych
profild. Stavi na zjiSténich praci ¢elnych environmentalnich historikd, jako jsou napfiklad
Donald Worster, John McNeill, Rolf Peter Sieferle, Ester Boserup ¢i Verena Winiwarter.
Clanek shrnuje vyvoj lidstva od neolitické revoluce do sougasnosti z pohledu energetického a
socialniho metabolismu, rdstu bohatstvi, rozvoje civilizace a diskutuje jeji vliv na pfirodu. Do
ramce svétového piehledu jsou zasazeny nékteré dobové realie Ceska a z pohledu
environmetnalnich déjin je zde komentovan vyvoj jeho regionu ve svétovych déjinnych
souvislostech. Clanek zejména diskutuje energeticky pfechod zplisobeny priimyslovou
revoluci a otevira prostor pro dalsi analyzy naseho uzemi, které zkoumaiji metabolicky profil
Ceska po této fundamentalini transformaci (viz dal$i prace z predkladaného souboru).

Pocatek primyslové revoluce muzeme hledat v Anglii na konci 18. stoleti, odkud se
postupné $ifila po celém svété, zejména v Evropé a Severni Americe. Pramyslova revoluce®
byla nejdllezitéjSim faktorem, ktery pfeménil geografickou organizaci ekonomickych aktivit
Clovéka jejich odpoutanim od pfirodnich stanovist energie (parni stroj) a surovin, a s tim i
spole€enskych struktur (vznik tovaren a proces urbanizace), formoval rovnéz svétovou
politiku po roce 1800. Kapitalisticka reorganizace spole¢nosti po revoluci 1848/49 ucinila
pracovni sily trznim zbozim, umozZznila rozvoj trzni ekonomiky podporovany tzv. revoluci
v dopravé, pfinesla revoluéni zmény ve vyuZiti Uzemi, srovnatelné s neolitickou revoluci, tzv.
,great tranformation®. VySe uvedené zmény byly uvedeny do pohybu pomoci novych
technologii a systému ekonomické organizace, které dovolily lidem daleko vétsi a
efektivnéjsi vyuzivani energie.

Primyslova revoluce Uzce souvisela s ristem bohatstvi a tim umoznila rast dalSiho
objemu spotfebovavani ptirodnich zdrojh a intenzifikaci zemédélstvi. Naptiklad v Cesku

vzrostl HDP od roku 1820 do roku 1850 o polovinu. V roce 1900 uz bylo na vice nez

8 Primyslova revoluce byla kli€ovou technologickou, socialné-ekonomickou a kulturni zménou v pfipadé Evropy
na konci 18. a prvnich dvou tfetinach 19. stoleti. Zacala v Britanii a Sifila se po celém svété. V prubéhu ¢asu byla
ekonomika zaloZena na manualni/manufakturni praci nahrazena primyslovou - strojni - vyrobou. Zavedeni parni
energie (vytvarené spalovanim pfevazné uhli) a pohanénymi strojnimi zafizenimi (hlavné ve vyrobé textilu)
umoznilo dramatické zvySovani vykonnosti podnik(.Vyvoj vSech kovovych nastrojli v prvnich dvou desetiletich 19.
stoleti usnadnil vyrobu vice stroju vyroby pro zhotoveni v jinych primyslech. Zac¢ala rovnéz "reorganizovat”
krajinu, dislokaci vyroby, parnim strojem osvobozené od alokace energie a surovin.
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trojnasobné hodnoté roku 1820 a v roce 1910 na ¢tyfnasobné. Mezi svétovymi valkami HDP
vzrostl na vice nez Sestinasobek této hodnoty. Po druhé svétové valce zacala hodnota HDP
nékde na ¢tyfnasobku hodnoty z roku 1820, nasledoval strmy rist zejména mezi 60. a 80.
léty, kdy se hodnoty pohybovaly jiz na desetinasobku. V sou€asné dobé se pohybuje nékde
mezi deseti a patnactinasobkem hodnoty z roku 1820, tedy z doby pfed priimyslovou
revoluci. Populace v Cesku dosahovala v roce 1820 néco pres 5 miliont. V roce 1850 uz
vzrostla na téméf 7 milién( a na podatku 20. stoleti jiz presahla 9 miliona (CSU 2010). Jak
zminéna data souviseji s vyvojem socialniho metabolismu, bude patrné z nasledujiciho textu

tykajiciho se ostatnich pfedlozenych praci.

1) KUSKOVA, P. (2009): The long term industrial transformation study for the territory
of Czechoslovakia. In: MALHOTRA. G. (ed.), (2009): Environmental Growth. A Global
Perspecitve. Macmillan Publishers India Ltd., New Delhi, s. 202-215.

Studie analyzuje uzemi Ceska, resp. Ceskoslovenska z hlediska materialovych tokd a
ekologické stopy. Prace Cerpa z databaze, kterou jsem kompilovala z riznych statistickych
zdrojl, a obsahuje data o zemédélské produkci, produkci fosilnich zdroju, dovozu a vyvozd,
vyuziti Uzemi a populace v obdobi let 1918—-2000. Ze zminénych dat jsou dale vypocteny

‘

indikatory ,domaci materialové spotieby®, ,domaciho materialového vstupu®, ,domaci
extrakce®, ,domaci energetické spotfeby”, ,domaciho energetického vstupu®, vSechny
v absolutnich jednotkach a v hodnotach na osobu. Druha &ast ¢lanku obsahuje vypocet
ekologické stopy pomoci tfi metod vyvinutych v pracich Wackernagela a Reese (1996),
Wackernagela et al. (1999), Haberla et al. (2001) a Erba (2004). Studie analyzuje projevy
pozdni industrializace v energetickych a materialovych tocich a zaboru plochy (ekologicka
stopa). Je dulezité zdlraznit, Ze s rozvojem zahrani¢niho obchodu jsou &asti ekologické
stopy rozmisténé po celé planeté, a tudiZ konecny vysledek tyto sloZzky sumarizuje.
Podstatné mij. je, ze zavéry zjisténé pomoci metody analyzy materialovych toki
koresponduiji s vysledky analyzy ekologické stopy. Hodnoty sledovanych indikatord
vyvrcholily béhem sedmdesatych a osmdesatych let. Prestoze tfi rizné metody vypodctu
ekologické stopy pfinesly razné vysledky, ze vSech vyplyva, ze ekologicka stopa
Ceskoslovenska byla po celé sledované obdobi vét$i nez dostupna ekologicka kapacita.
.Prestfeleni unosné kapacity prostiedi bylo pro vdechny metody zhruba stejné ve vSech
gasovych prifezech. Silna zavislost Ceskoslovenského hospodafstvi na uhli se samozfejmé
promitla ve velké ekologické stopé energie. BEhem studovaného obdobi vzrostla energeticka
slozka ze 40 % na 80 % z celkové ekologické stopy. Podobné jako u materialovych toku

mélo maximalni ekologickou stopu Ceskoslovenské hospodafrstvi v 80. letech.
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Z vySe uvedenych zavérl je patrné, Ze Cerpani zdroju probihalo v celém obdobi
(snad jen vyjma doCasného propadu na pocatku devadesatych let) neudrzitelné. Pfistup
sledovani ¢asovych fad dovoluje sledovat velmi dulezitou charakteristiku, kterou je trend
vyvoje. To znamena ne jen pfipadné doCasné ,prekroceni® limitd, ale rovnéz pravdépodobny

budouci vyvoj, coz by mélo vyslat dllezité signaly rozhodovaci sfére.

Il) LUSTIGOVA, L., KUSKOVA, P. (2006): Ecological footprint in the organic farming
system. Agricultural Economics (CZ) 52, €. 11, s. 503-509.

Ve treti praci aplikuji metodu ekologické stopy na specifické podminky konkrétni
zemeédélské farmy, ktera drzi certifikat ekologického zemédélstvi. Ekologicka stopa (jedince,
mésta, statu) je plocha potfebna k produkci materiald a vstfebani vzniklych odpadd dané
analyzované jednotky. Ekologicky Setrné zemé&délstvi nepouziva chemické latky, jako jsou
napfiklad pesticidy a uméla hnojiva. V ramci vyzkumu jsme se spoluautorkou ziskaly data od
ekologického zemédélce z Budyné nad Ohfi a z nich vypocetly potfebnou plochu pro
péstovani jednoho hektaru pSenice ekologickym zpusobem. Jak jiz bylo vysvétleno
v metodické ¢asti, koneény vysledek ekologické stopy zahrnuje nejen plochu konkrétné
vyuzitou pro péstovani, ale rovnéz pro vstiebani plyna vzniklych pfi spalovani fosilnich paliv
spotfebovanych pfi pracich na polich, dale energetickou potfebu zemédélcu (jidlo). Vypocet
jsme nadale srovnaly s konvenénim zpusobem péstovani psSenice, pro které byla dostupna
tabulkova data (napfiklad o spotfebé paliva na hektar obhospodarované plidy atd.). Nase
vysledky jsme poté diskutovaly s vysledky nékolika zahrani¢nich analyz, které rovnéz
srovnavaly ekologické a konvencéni zemédélstvi.

Pro vypocty ekologické stopy obecné plati, Ze teoreticky je ekologické zemédélstvi
stopy. Jednim z cild prace bylo pouzit indikator tak, aby nezkresloval skute€nost. Ekologické
zemédélstvi ma kromé produkéni funkce velmi dllezitou roli ochrany krajiny. Tudiz pokud
hektar obhospodarovany ekologickym zplisobem srovname s hektarem obhospodarovanym
zemédélstvi.

Je samoziejmé nutné zohlednit geografickou polohu farmy, reliéf a podnebi, ale
vesmeés se potvrdilo, Ze ekologické hospodafeni je nékolikanasobné Setrnéjsi nez konvencni,

a tento rozdil je nadto vyznamny.
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IV) KUSKOVA, P. (2008): Social metabolism within the Czechoslovak territory from a
historical perspective — energy flow analysis. In: Szabo, P. and Hédl, R. (eds.)
(2008): Human Nature: Studies in Historical Ecology and Environmental History.
Institute of Botany of the ASCR. Brno. 74-85.

Ve Ctvrtém Clanku dale rozsSifuji téma zpracované poprvé v ¢lanku I, resp. prakticky
vyjadtuiji jiz vSechny vybrané indikatory v jednotkach energie (PJ). Zabyvam se rovnéz vedle
domaci extrakce (DE), domaciho energetického vstupu (DEI) a fyzickym saldem obchodni
bilance (vyjadfené rovnéz v PJ). Prace se rovnéz detailnéji zabyva vyuzitim dzemi a snazi se
navazat a doplnit praci LUCC tymu z PfFUK (Bicik et al. 2001, Jele¢ek 1995, Bicik a Jancak
2005).

Intenzifikace zemé&délstvi spole&né se skute¢nosti, ze Ceskoslovensko bylo historicky
hospodarstvim silné zaméfenym na tézbu uhli a tézky pramysl se rovnéz odrazila v tocich
materiall a energie. Zatimco extrakce biomasy dosahla pfedvalecnych hodnot v pozdnich
Sedesatych letech, naro¢nost ekonomiky na spotfebu fosilnich paliv rostla bezprecedentné
po celé obdobi. VeSkeré sledované indikatory materialovych a energetickych toku
zaznamenaly po roce 1989 dramaticky pokles zejména v souvislosti s kolapsem vychodnich
trha, Gtlumu t&Zkého priimyslu a restrukturalizaci celé ekonomiky. Casova Fada bohuzel
nedovoluje zjistit, jaky vyvoj Ize pfedpokladat v dalSich letech, ale s nejvétsi
pravdépodobnosti nékteré indikatory dale porostou (zde by bylo zajimavé dale sledovat
energeticky profil metabolismu napfiklad pro obdobi 2000—2020).

Socioekonomicky metabolismus je silné svazan se situaci politickou a ekonomickou.
V piipadé Ceskoslovenska jsme b&hem obdobi takzvaného budovani socialismu od 2.
svétoveé valky a v pIné sile od roku 1948 az do konce 80. let 20. stol. svédky extrémniho
rastu domaci energetické spotieby zejména diky tézbé uhli a dovozdm ropy a zemniho
plynu, kterézto suroviny potfeboval rozvijejici se tézky primysl a zemédélska intenzifikace.
Rust energetickych tok a zemédélskych vynosu byl doprovazen ubytkem rozlohy
zemédélské pldy a rastem rozlohy zastavénych Uuzemi a ploch klasifikovanych jako ,ostatni*.

Z ptikladu metabolismu Ceskoslovenska se zda, Zze méné energeticky a materialové
naro¢na obdobi se vyskytuji pouze ve fazich ekonomického utlumu &i krizi (ekonomickych i
politickych) a prosperujici obdobi jsou spojena s exploataci pfirodnich zdroju. ZjednoduSené
feCeno se jevi, Ze v konvencnich podminkach ekonomiky, ktera stavi na rastu, pojem
.ekonomicka efektivita“ na jedné strané kontrastuje s neudrzitelnou exploataci pfirodnich
zdroju na strané druhé. Tato hypotéza nabizi otazku, jak jsou tyto faze exploatace a
stagnace provazany, jak silnou roli hraji vnitfni a vnéjsi politické vlivy. Jak uz zmirfiuje
Fischer-Kowaski a Haberl (2007 s. 3) pfechody mezi jednotlivymi fazemi probihaji spise

chaoticky. Jinou otazkou je, jak ma lidska spole¢nost ¢i ekonomicky systém vypadat, aby
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bylo dosazeno udrzitelnosti vyuzivani zdroji rovnéz v ,ekonomicky prosperujicich“ obdobich,

resp. za udrzeni urcitych standardl zivotni irovné obyvatel.

V) KUSKOVA, P., GINGRICH, S., KRAUSMANN, F. (2008): Long term changes in social
metabolism and land use in Czechoslovakia, 1830-2000: An energy transition under
changing political regimes. Ecological Economics, Volume 68, Issues 1-2, 1
December 2008, s. 394-407.

Pata prace prezentuje vysledky spoluprace s Rakouskym institutem IFF Social Ecology ve
Vidni®, konkrétné s jeho vyzkumniky Simone Gingrich a Fridolinem Krausmannem. V ramci
této spoluprace jsme spojili dvé databaze: pro Cesko za obdobi 1830—-1914 (kterou
zpracovala Simone Gingrich) s jiz vySe zminénou databazi pro Iéta 1918—2000 a vypocetli
zde prezentované indikatory. Prace tak zahrnuje obdobi 170 let dlouhého vyvoje. Databaze
-Long term changes in social metabolism and land use in Czechoslovakia 1830—2002: An
energy transition under changing political regimes® je dostupna na internetu na adrese:

http://www.uni-klu.ac.at/socec/inhalt/2608.htm a rovnéz na strankach provozovanych ¢eskou

vyzkumnou skupinou zmén land use http://lucc.ic.cz/.

Bé&hem obdobi 170 let, které jsou zkoumany v ramci této prace, prodélalo
Ceskoslovensko/Cesko zasadni zménu vzorce socialniho metabolismu. Pozorovany vyvoj
pfipomina jednu z hlavnich charakteristik pfechodu od zemédélského na industrialni
hospodafstvi, ktery umoznil pfekonat omezeni &i limity dané pfirodnim prostfedim rustu, t;.
limity dané tzv. solarnim energetickym systémem zemédélského usporadani (vice na toto
téma napf. Sieferle et al. 2006; Krausmann et al. 2008).

Mdazeme zde rozliSit dvé hlavni obdobi, obé charakterizovana jak vyznamnou zménou
v zemédélské produkci, tak zménou v energetickém systému. Pocatecni obdobi, kdy byly
Ceské zemé soucasti Rakousko-Uherské monarchie, se vyznacovalo rozSifujicim se
vyuzivanim zdrojd uhli, které umoznily intenzivni vyuzivani nové formy energie. Béhem této
periody vyrazné vzrostla populace, s ¢imz bylo spojeno intenzivnéjsi vyuzivani uzemi.
Spotieba energie na osobu vSak rostla pouze omezené. Tento vyvoj byl podobny ostatnim
zemim v ramci monarchie a nékterym ekonomikam s opozdénéjSim vyvojem, nez byl napfr.
ve Velké Britanii (srov. napf. Krausmann a Haberl 2007).

V obdobi po druhé svétové valce naopak rostla u nas spotieba energie na osobu
v ramci ,budovani socialismu®. V kontrastu se zapadoevropskymi zemémi zlstalo po

dlouhou dobu hlavnim energetickym zdrojem uhli, zatimco rostouci dovozy ropy a zemniho

® Department of Social Ecology, Faculty for Interdisciplinary Studies of Austrian Universities (IFF)
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plynu zménily energeticky systém a podpofily zemédélskou produkci produkci umélych
hnojiv.

Sametova revoluce a nasledny pfechod k trzni ekonomice v poslednim desetileti
dvacatého stoleti zplsobily bod obratu a zesileni jiz probihajicich zmén v energetickém
systému: ekonomicka restrukturalizace pfizpUsobila energeticky systém, objem a strukturu
socialniho metabolismu typu metabolismu zapadoevropskych zemi a vyustila ke

srovnatelnému profilu (v naSem pfipadé ve srovnani s Rakouskem).

VI) KUSKOVA, P. (2009): A case study of the Czech agriculture since 1918 from the
social metabolic perspective — from land reform through nationalisation to

privatisation. Land Use Policy, v recenznim fizeni.

Sesta prace se vénuje analyze vyvoje éeského zemédélstvi z pohledu socialniho
metabolismu. Je zaloZena na zakladnich vyzkumnych otazkach, tj. jak ovlivnily z biofyzikalni
perspektivy zemé&délskou soustavu zejména hlavni strukturalni zmény, jakymi byly
kolektivizace po 2. svétové valce a privatizace po roce 1989, a zaroven studuje trendy vyvoje
vybranych ukazatel(l v obdobich mezi t&émito daty. Indikatory, jimiz je vyvoj charakterizovan a
analyzovan, jsou energeticky vstup do zemédélské soustavy, mechanicka prace traktoru,
lidska a zvifeci prace a domaci extrakce biomasy reprezentovana v jednotkach energie
(Jouly). Zminéné indikatory jsou vztazeny k dlouhodobému vyvoji pracovnich sil

v zemeédélské soustavé a rovnéz k vyuZiti uzemi.

Podobné jako podle vysledki pfedchozich praci dosahuji maximalnich hodnot v 80.
letech a po roce 1989 nastava prudky pokles. Napfiklad vstup energie z fosilnich paliv do
zemeédeélstvi dosahoval zhruba desetiny zemédélské sklizné. Vztahneme-li tuto hodnotu na
plochu produktivni pudy a zapocitame rovnéz energii potfebnou na vyrobu hnojiv, vzrostl
energeticky vstup od 60. do 80. let pétkrat; po roce 1990 zacal prudce klesat. Stejny trend se
projevil i u sklizné zemédélskych plodin a po¢tu chovanych zvifat. Prace traktord vzrostla
béhem studovaného obdobi ¢trnactkrat, zatimco prace koni a jinych hospodafskych zvifat
vymizela uplné (pfitom na poc¢atku se vyrovnala praci traktord). Lidska prace klesla na
polovinu. Ruku v ruce s mechanizaci §la chemizace, coz umoznilo nevidany rist vynosu.
Bé&hem pétatficeti let (1955-1990) se vynosy zdvojnasobily, coZ v8ak bylo doprovazeno
rustem pouzivani umeélych hnojiv pfiblizné tfinactkrat vétS§im nez na pocatku tohoto ¢asového
intervalu.

Zkoumané osmdesatileté obdobi vyvoje Ceského zemédélstvi bylo obdobim Cetnych
politickych zmén a prfedevSim zmén politickych rezimd, coz se promitlo také do

energetického profilu metabolismu této soustavy,a zejména pak v nadmérné dopady na
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zivotni prostfedi b&éhem tzv. komunismu. Jako Cervena nit se celym obdobim tahne pokles
rozlohy zemédélské pldy, ktery je v souasnosti jesté zesilen, jednak protoze za
komunistického rezimu podléhala zemédélska pida ochrané, ktera je nyni znaéné mensi,
jednak trvalym poklesem objemu produkce (konkurenci vice dotované produkce v EU a
jinde), nedostatkem kapitalu, coz nuti k jeho (ekonomicky logickému) investovani do
relativné urodnéjsich pud. Béhem téchto zasadnich zmén ,ztratilo“ zemédélstvi znacny pocet
pracovniku, ktefi Sli zejména do priimyslové vyroby aj. odvétvi. Nejednalo se ovSem jen o
zemédélce, ale rovnéz o znacny pocet pracovniku v tzv. pfidruzenych vyrobach druzstev,
které mély priimyslovy charakter. Navzdory masivni industrializaci a modernizaci nebylo
Cesko z pohledu socialniho metabolismu nikdy potravinové sobéstaéné, i kdyz zdanlivé
disponovalo mnoha pfebytky. Tehdy danymi vysokymi stavy dobytka, jejichZz udrzovani
zaviselo na relativné vysokém objemu dovozu krmiv, hlavné obilovin, dnes rdstem dovozu
sdji, i kdyz stavy skotu a prasat jsou nyni polovi¢ni. Pfevazovala konzumace vepfového
masa (produkovaného krmenim obilovinami a brambory) nad masem hovézim, a nebyla
proto tak dulezita pastva. Rovnéz spotfeba obilnin obyvatelstvem je nadprimérna ve
srovnani s Evropou, tudiz energeticka efektivita Ceského zemé&délstvi v této oblasti nebyla
pfilis vysoka. Toto potvrzuje rovnéz odborna literatura, kdy dle Housky (1971) intenzifikace
vyroby nikdy nevyrovnala ztraty zemédeélské pidy. Dnes se spotfeba potravin kryje rostouci
mérou dovozy.

Rychlé zmény politického systému po roce 1945/1948, které si nasledné vynutily
kapitalovou reorganizaci zemédélstvi a zménu struktury vyroby, mély do jisté miry destrukéni
vliv. Napfiklad po 2. svétové valce se uroven zemédélské produkce dostala na hodnoty ze
30. let aZ v poloviné let 60., a to i pfes to, Ze za valky nebyla zemédélska soustava zniCena
tak, jako v sousednich zemich. Kolektivizace pak zanechala negativni stopy az do
soucasnosti (dopady na krajinu v souvislosti se scelovanim poli, melioracemi, masivni
chemizaci a dale socialni dopady jako rozpad tradi¢nich spole€enstvi).

Nejintenzivnéjsi ve smyslu produkce a energetickych vstupt bylo v historii obdobi
sedmdesatych a osmdesatych let, coz vSak bylo pfevazeno negativnimi dopady na Zivotni
prostredi.

Jak uz bylo zdlraznéno vySe, metabolismus ¢eského Uzemi a tim i Eeského
zemédélstvi ve zminéném obdobi Uplné presel z formy jesté z urcité casti zavislé na
solarnim systému a vazané na produktivni plochu (prace zvifat krmenych biomasou) do
formy zavislé na vstupech fosilni energie, a tudiz nezavislé na ploSe produktivni pady. Tato
nova forma organizace zemédélské vyroby muze byt charakterizovana otevienymi cykly toku
Zivin a energie, zatimco forma vazana na plochu byla prakticky uzavfena (tento pfechod
nebyl samoziejmé umoznén pouze vstupem fosilni energie, ale rovnéz rlstem

agronomickych a agrotechnickych znalosti a modernich technologif).
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V soucasnosti neni prioritou Ceské politiky zajistit spotfebu potravin v co nejvyssi mife
z vlastni produkce, a proto je konkurenceschopnost zemédélstvi vystavena vice dotovanym
a tim levnéjSim produktiim z dovozu, coz ma dalSi jisté negativni dopady na zZivotni prostiedi
ve formé exhalaci produkovanych pfi dopravé. Trvale vSak klesa vyméra orné pudy zejména
ve svazitych oblastech, obecné méné urodnych, coZ ma pozitivni environmentalni vliv na
venkovskou krajinu. Cyklus energie a zivin je nyni otevien nejvice v historii. Ménici se role
zemeédélstvi umozniuje stale vice prosazovat dalsi zastavbu dokonce i na nejurodné;jsi

zemédélské pudé, coz je z dlouhodobé perspektivy neudrzitelné.

VIl) GINGRICH, S., KUSKOVA, P., STEINBERGER, J.K. (2010): Long-term changes in
CO,—emissions in Austria and Czechoslovakia — identifying the drivers of

environmental pressures. Energy Policy, v tisku.

Sedma studie vznikla spolupraci se Simone Gingrich a Julii Steinberger z IFF Social
Ecology ve Vidni'®. Zkouma historicky vyvoj produkce emisi sklenikového plynu oxidu
uhligitého (CO,) v Rakousku a byvalém Ceskoslovensku, srovnava je a identifikuje jejich
hlavni zdroje a hybné sily zmén v jejich produkci. Konkrétné je studovano obdobi od roku
1830 do roku 2000. V jejim ramci jsem zpracovala ¢asoveé fady dat pro byvalé
Ceskoslovensko (spotfebu energie v priimyslu jako podklad pro vypoget emisi CO,, a ostatni
data tykajici se naseho uzemi) a podilela se na teoretické a explanacni ¢asti studie. Diky
zpracovani dat kolegyni Steinberger pomoci dekompoziéni analyzy a Kaya identity'" jsme
mohly dale interpretovat hlavni hybné sily produkce emisi a roli ekonomické struktury.
Ceskoskoslovensko bylo velkym producentem oxidu uhligitého po celou studovanou dobu,
ale emise pfepoctené na osobu se vyznamné liSily pouze po prvni svétove valce, kdy se
Ceskoslovensko a Rakousko staly samostatnymi staty. Rozdil v mnozstvi vypousténych
emisi rostl b&hem komunismu v byvalém Ceskoslovensku do poloviny osmdesatych let, coz
vysvétluje nizka energeticka ucinnost a vyssi pramyslova produkce. Vyvazujicim faktorem
byly v Rakousku rist pfijmu a vySsi spotfeba domacnosti. Po roce 1989 emise
v Ceskoslovensku poklesly a vliv primyslové produkce na vyvoj emisi sklenikovych plynt
ztratil svijj pfedchozi zasadni vyznam.

Celkové Ize rozdélit srovnani vyvoje produkce emisi oxidu uhli¢itého v byvalém
Ceskoslovensku a v Rakousku do &tyf hlavnich obdobi &i fazi. V prvni fazi, v obdobi

industrializace monarchie rostly, emise oxidu uhli¢itého pomalu a velmi podobné v Rakousku

1% Department of Social Ecology, Faculty for Interdisciplinary Studies of Austrian Universities (IFF)

" Kaya identity je analyticka metoda pouzivana pfi ohodnoceni hlavnich hybnych sil produkce emisi sklenikovych
plynt (pouzivana hlavné Mezinarodnim panelem pro klimatické zmény — Intergovernmental Panel on Climate
Change (IPCC).
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i Cesku, dfevo bylo postupné nahrazovano uhlim. S rozpadem monarchie se objevuji
v emisich rozdily, a to v souvislosti se skute¢nosti, Ze Rakousko pfestalo byt souCasti vétsi
ekonomické jednotky, v rdmci niz pouzivalo uhli téZené mimo své uzemi. Tfeti obdobi po 2.
svétové valce je charakteristické rostoucimi rozdily v emisich CO,, které jsou ovlivnény
hlavné efektivitou primyslu a skladbou vyuzivanych energetickych zdroju. Ukazalo se, ze
energeticka ucinnost nehraje tak dulezitou roli, jak se pfedpokladalo, ale Ze rozhodujici je
spis struktura pramyslové vyroby. Na druhé strané v Rakousku v protivaze rostla spotieba
obyvatel. Po roce 1989 se urovné emisi v obou zemich pfiblizily na podobnou hladinu;
v Ceskoslovensku prudce poklesla spotfeba uhli a hlavnim faktorem ovliviiujicim emise se
stal ekonomicky rust (HDP). Trend vyvoje, kdy po 2. svétové valce emise CO, rostly a na
konci dvacatého stoleti se stabilizovaly, byl pozorovan i v jinych evropskych zemich, jak
dokladaji v ¢lanku citované studie, a zda se, Ze obecné doprovazi industrializaci jako
takovou.

| pFes rozdilny politicky a ekonomicky vyvoj dosahly Ceskoslovensko (po rozpadu
jeho uzemi) i Rakousko na konci 20. stoleti podobné urovné produkovanych emisi CO, na
osobu. Ani rakouska ,ekoefektivita“ ani Ceskoslovenska/Ceska restrukturalizace nebyly

ucinné v redukci sklenikovych plynti na udrzitelnou urovern.

4. Zaver

Na zavér muzeme konstatovat, Ze Ceské, resp. Ceskoslovenské uzemi je vhodnym
objektem vyzkumu vzhledem k jeho charakteru i historii. Sociometabolicky profil a politicka a
ekonomicka usporadani jsou Uzce spjaty. Cesko, resp. Ceskoslovensko je vhodnym
objektem nejen v souvislosti s ostrymi historickymi pfechody mezi rdznymi politickymi a
ekonomickymi usporadanimi (tedy ¢asovou dimenzi), ale obecné také v souvislosti
s pritomnosti bohatych zdroju uhli, které hraly kli€ovou roli v pfechodu od zemédélského
metabolického profilu k profilu priimyslovému. Na jedné strané je ve srovnani se
zapadoevropskymi zemémi, pro které byly podobné analyzy vytvoreny, jeho politicko-
ekonomicky vyvoj specificky, na druhé strané se ukazuje, Zze s drobnymi rozdily se vyvoj
z hlediska metabolismu (pohanény modernizaci, industrializaci a védeckotechnickym
rozvojem) s ostatnimi vyspélymi staty Evropy do urcité miry podoba. Konkrétné v nasem
pfipadé pfi srovhani s Rakouskem se trendy liSily zejména b&hem socialismu a po roce 1989
se opét profily obou zemi pfiblizily. Pro vychodni Evropu, resp. zemé tehdejSiho sovétského
bloku bohuzel zatim dostatek analyz neexistuje, proto pfedkladany soubor praci maze slouzit

rovnéz jako pfipadova studie pro zemé s komunistickou minulosti.
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Kazdy zplsob poznani je do jisté miry omezeny, a proto je v naSem pfipadé
a srovnani v ramci ostatnich poznatk(. Nicméné ukazuje se, Ze vyvoj naSeho uzemi
z hlediska vztahu k pfirodnimu prostfedi neprobiha udrzitelné, zejména v souvislosti
s oteviranim cykll energie a materiall, coz mlze pfinést negativni dusledky v budoucnosti
(Uubytek orné pldy v souvislosti s jejim zastavovanim, rust spotfeby energie, dovoz vyrobkd
z velkych dalek).

Analyzy zalozené na biofyzikalnich pfistupech jsou ze své podstaty redukcionistické
(tvorba konkrétnich indikatort, viz napf Gasparatos et al. 2009). Je vS§ak mozné kombinaci
raznych indikatoru a jejich vazeb na ostatni socioekonomické prvky (vyuziti Gzemi, politické
zmény) se pokouset o holisticky pfistup poznani a interpretace. Zde se jevi jako idealni
platforma geograficky pfistup, zejména socialni geografie. Vzhledem k ¢asové dimenzi
socialniho metabolismu je ovSem také vhodny pfistup historicky, pfesnéji
historickogeograficky. Je tedy na misté, polozit si otazky, do jaké miry komplexni systémy
(socio-ekonomické a socio-ekologické) funguji v pfi€innych souvislostech, jak silny vliv maji
na jejich vyvoj vnitfni a vnéjsi politicko-ekonomické faktory a do jaké miry je jejich chovani
popsatelné a odhadnutelné do budoucnosti. V ramci zkoumanych ¢asovych horizontl se
vSak ukazalo, Ze rychlé zmény (v nasem pfipadé zejména politické) zplsobi pouze doCasné
zmeény a v horizontu dekady &i dvou se systém vrati z hlediska socialniho metabolismu do
podoby pfed pfelomem. Na pFipadu vyvoje Ceskoslovenské ekonomiky v 70.— 80. letech 20.
stoleti byl dale rovnéz patrny jisty podil setrvacnosti (vybrané indikatory v 80. letech stéle
rostly, i kdyz ve spole€nosti jiz probihala ekonomicka i politicka krize, nasledné politické
zmény se pak jevi jako logické vyusténi pfedchozi situace).

Interpretacnim ramcem téchto procesl se zabyvaji zejména environmentalni déjiny,
které mohou na zakladé zde prezentovanych vysledku rozsifit analyzu a danou problematiku
o déjinny vyklad. Zejména v souvislosti s dopadem lidského chovani na pfirodu &i o
interpretaci v ramci hodnotového nastaveni spoleénosti v aktualni dobé na konkrétnim misté.
Zda se, Ze spolu se zménou paradigmatu ve védeé je jedinou cestou k udrzitelnému vyvoji i
zména soucasného fungovani ekonomického a tim i spolecenského, socialniho systému.
Tato zména by méla byt pfedevsim kvalitativni.

Studium interakci mezi lidskym a pfirodnim systémem ma poslouzit jako podklad pro
rozhodovaci sféru. O tom svédci i publikace vydané Evropskym statistickym ufadem
(Eurostat 2001, Eurostat 2007, ETC-WMF 2003) nebo jiné, zabyvajici se studiem mozného
alternativniho fungovani ekonomiky. Napf. Daly (1995), ktery navrhuje misto rustu tzv.
.Steady state economy*, tedy ekonomiku v rovnovazném stavu), ¢i Holling (2001), ktery

analyzuje komplexitu ekonomickych, socialnich a ekologickych jeva.
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Predkladané vysledky a vysledky mého vyzkumu by v tomto teoretickém ramci meély
byt pfedevsim vyuzitelné jako podklady pro dalsi analyzy a rozhodovani decisivni sféry pfi
fizeni spole€nosti jak na narodni, tak na regionalni drovni. Zde je opét na misté zminit
socialni geografii a regionalni rozvoj jako discipliny, které s danym tématem souviseji, nebo

by se dalo i fici, Ze na sebe navzajem mohou navazovat.
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QOd lovce a sbérace k industrialnimu metabolismu

Petra Kuskova
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Abstract:

P. Kuskova: From hunter and picker to industrial metabolism. — Klaudyan, 5, No. 2, pp. 73—84. This article
summarizes the texts from selected literature on environmental history. The main sources are writings
of environmental historian Donald Worster and books from John McNeill “Something New Under the Sun”
and “Human Web”. The article describes current environmental situation in terms of economical growth, growth
of population, consumption of energy as well as provides insight into differences between types of metabolism
of human society. The text also compares the situation before and after Industrial Revolution which brought
the profound changes in human ways of production the functioning of economy etc. in 19th century. Along with
the description of physical consequences of human action on the planet Earth the article mentions also the ideas
and politics lying beyond the actions having environmental impacts.

Key words:
environmental history — industrial/socioeconomic metabolism — material and energy flows — neolitical revolution
— Industrial Revolution

Motto:
Priroda je svét zZivych bytosti, ktery , pracuje” a v jasnych a ziejmych vzorcich produkuje ,,zbozi
a sluzby*, které jsou nezbytné pro preziti jedné ¢i druhe bytosti. Napriklad mikroorganismy jsou
neustdle ,,zaneprazdnény * rozkladanim organické hmoty a vytvareji tak slozky pudy, kterou stridavé
vyuzivaji dalsi organismy pro viastni vyzivu a rist. Za nasSim svétem je svét prirody — rozlehly
a komplikovany system — zvany ,, prirodni ekonomika*®, ktery pracuje energeticky a Sikovné tak,
aby uspokojil potieby zivych tvoru, coz by mohlo byt pojmenovano jako , nepostradatelné hodnoty
existence ‘. Bez fungovani této velké ekonomiky by clovék neprezil ani hodinu. Neprezil by bez hodnot,
které nam prinasi ,, pilnd “ priroda.

Donald Worster, The Wealth of Nature, Doing Environmental History

Svét okolo nas se rychle méni. Spousta véci pfibyva, mnoho ukazateld ekonomiky roste.
Lidstvo ma za sebou dvacaté stoleti, které bylo nevidané ve smyslu technického rozvoje a jeho
rychlosti, ristu populace, Zivotni urovng, ale s tim v§im i spojenych dopadd na ptirodu. Ménime
krajinu, hubime mnohé Zivoc¢isné druhy, zasahujeme do kolob¢hi zivin v pfirod¢ a dokonce je velmi
pravdépodobné, ze jsme narusili klimatickou rovnovdhu Zemé. Béhem minulého stoleti vzrostla
napiiklad spotieba vody ¢i pocet chovanych prasat devétkrat. Svétova ekonomika c¢trnactkrat.
Spotfeba energie a emise sklenikovych plynti se zvySily sedmnactkrat, svétovy obchod
dvaadvacetkrat, motsky rybolov pétatficetkrat, primyslova vyroba Ctyficetkrat a konecné nakladni
doprava sto pétatficetkrat. Vypocital to ptedni historik, ktery zasvétil svoji praci vztahu lidi
a zivotniho prostiedi, John McNeill ve své knize, kterou nenazval nahodou ,Néco nového
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pod Sluncem* (Something new under the Sun, McNeill 2000) (viz Tabulka 1). Podivame-li se totiz
na udalosti 20. stoleti z ekologické perspektivy, uvidime veci vskutku nevidané. A trendy podobné
vyse jmenovanym stale pokracuji. Pribyva lidi, pfibyva hmoty, kterou uvadime do pohybu, roste
mnozstvi zdroju, které odebirame a odpadid, které vypoustime zpét do pfirody. Planeta Zemé
vSak neroste. Zda se, ze mame pied sebou spoustu zmeén. Co mizeme ud¢lat a zmeénit? Nejlepsi cestou
k tomu, abychom mohli odpovédét na tyto otazky, je pochopit hloubéji soucasnou situaci. K tomu je
dobré védet, jak jsme se do ni dostali, co predchazelo.

Tab. 1: Zmény ve dvacatém stoleti

Ukazatel Faktor naristu, 1890-1990
Svétova populace 4

Podil méstského obyvatelstva 3

Celkovy pocest obyvatel mést 13

Svétova ekonomika 14

Primyslové vyroba 40

Spotieba energie 16

Produkce uhli 7

Znecisténi ovzdusi 5

Emise oxidu uhlicitého (CO,) 17

Emise oxidu sificitého (SO,) 13

Emise olova do ovzdusi 8

Spotfeba vody 9

Moisky rybolov 35

Pocty dobytka 4

Pocet prasat 9

Pocet koni 1,1

Populace plejtvaka obrovského (pouze Jizni ocedn)' 0,0025 (99,75% pokles)
Populace plejtvaka mySoka 0,03 (97% pokles)
Druhy ptékii a savci 0,99 (1% pokles)
Zavlazovana plocha 5

Lesni plocha 0,8 (20% pokles)
Obdélavana puda 2

Podle: McNeill (2000).

1. Environmentalni déjiny

K hlub$imu pochopeni pfi¢in a kofenii soucasného tlaku na pfirodu a jeji zdroje vSak
jiz klasickd historie nestaci. Snahy ucenct se totiz v minulosti soustfedily zejména na politické
udalosti. Piedni svétovy environmetalni historik Donald Worster piSe, ze diive méla historie vcelku
— stat a vSe, co z toho vyplyva. Historikové byli ¢asto vlastenci, ktefi zkoumali vyvoj vlastnich zemi,
formace jejich politického vedeni a vztahy k dal§im zemim (Worster 1988a). Zdalo se, ze n¢jaky velky
tvlirce zakont napsal nékam na kus kamene, ze vodni cykly, odlesiiovani, zvifeci populace, ziskavani
a ztraty pudnich zivin budou urCeny pifirodnim védam, zatimco historie se musi omezit na ceny,
diplomaticka jednani ¢i rasy a gender. Pfirodni védy se maji vénovat piirod¢€; historie se na druhou
stranu musi zabyvat lidmi, spole¢nosti a kulturou (Worster 1993b).

Ale po né¢jakém case, kdy se svét zacCal globalizovat, zacali historici zminény zaklad ztracet.
Ptisli o presvédceni, ze minulost byla skrz naskrz kontrolovana nékolika ,,velkymi muzi“ v pozicich
vladct ¢i politikli narodni moci. UCenci zacali objevovat hlubsi vrstvy, zivoty a myslenky obycejnych
lidi a zacali se pokouset rozkryvat historii ,,odspoda“. ,,Dold, doli, musime jit,” tvrdili, ,,doli
ke skrytym vrstvam tfid, pohlavi, ras a kast. Tam najdeme, co skute¢né tvofilo povrchové vrstvy
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politiky*. Nyni vstupuje dalsi skupina ,,reformatord®, jimizZ jsou environmentalni historici. A trvaji na
tom, Ze stale nejdeme dostateéné hluboko, dolti k samotné Zemi jako Ciniteli pfitomném v celé historii.

e

Kde jinde mizeme objevit mnohem zasadné;jsi sily, které plisobily v Case (Worster 1988a).

Ale zatim takto rozsifeny zabér historie, jeZ zahrnuje hlubsi a $ir$i paletu subjektt, nebyl
vyzvou pro primat naroda - statu jako hlavniho pole zajmu historikd. Dle Worstera (1988a) jsou
socialni, ekonomické a kulturni d&jiny stale hromadné zaméfeny dovnité narodnich hranic. Podobné
usporadani zamezuje do jisté miry obratu k chaosu, ale sou¢asné muze Cinit obtize novym otazkam,
které nespadaji ¢isté do ramce narodnich hranic. Mezi nimi i otazkdm poklddanym environmentalnimi
déjinami. Pocet badatelt, ktefi se snazi rozkryt souvislosti pfitomnosti a minulosti ve vztahu k ptirodé,
zivotnimu prostiedi, nebo-li divaji se na svét z environmentalni perspektivy, vSak utéSené roste.

Environmentalni dé&jiny jsou v kostce snahou o zahrnuti vice pohledti do historie nez v jejim
klasickém pojeti. Predev§im odmitaji konvencni ptedpoklad, ze lidska zkuSenost byla vynata
z pfirodni zavislosti, ze lidé jsou zvlastni a ,,nad-pfirodni“ druh, Ze environmentalni dtsledky jejich
minulych ¢inlt miizou byt brany mimo zietel. Myslenka environmentalnich dé&jin se poprvé objevila
v sedmdesatych letech 20. stoleti z moralnich davodt. Jejim hlavnim cilem se stalo prohloubit
poznani, jak ¢lovéka v Case ovliviiovalo piirodni prostfedi a naopak, jak lidé ovliviiovali prostfedi
(Worster 1988a). Ty jsou jejich kolébkou — o tom dosazitelnd viz Jeletek (1994 v CCH,
té v Klaudyanovi).”

2. Néco nového pod Sluncem

Vratme se k Johnu McNeillovi a jeho zasadni knize, v niZ si polozil otazku, kolik lidi kdy zilo
na planeté¢ Zemi, kolik takzvanych ,,clovékolet* bylo kdy viibec Zito? Neill odhaduje, Ze v poslednich
40 milionech let se narodilo asi 80 miliard hominidi. Dohromady zilo téchto 80 miliard lidi
asi 2,16 biliénta let (tedy 2 160 000 000 000 let). Nyni piijde piekvapujici Cast téchto udaji: 28 %
téchto let, tedy skoro tfetina, byla zita po roce 1750, dalSich 20 % (pétina) po roce 1900 a 13 %
po roce 1950. Piestoze 20. stoleti ¢ini pouze asi 0,00025 celé lidské historie, hostilo okolo pétiny
vSech ,,Cloveékolet™ (McNeill 2000).

V dobach, kdy lidé vynalezli zeméd¢lstvi (feknéme piiblizné¢ 8000 let pied nasim letopoctem),
zilo na svété pravdépodobné 2 az 20 milionl obyvatel. Se zemédélstvim piezila prvni vlna vzristu
populace. Populace rostla mnohem rychleji, pravdépodobné 10 az 1000krat rychleji nez ptedtim,
ale 1 tak stale velmi pomalu: fadové ve zlomcich procenta za rok. Kolem roku 1 naseho letopoétu zilo
na svéte kolem 200 az 300 miliont lidi (coz ptiblizné odpovida lidnatosti dnesni Indonésie ¢i USA).
S rokem 1500 dosahla svétova populace jiz 400 nebo 500 milionil. Trvalo to tedy asi tisic a pul let,
nez se svétova populace zdvojnasobila. A rostla o mén¢ nez desetinu procenta za rok. Po roce 1500
pokracoval rlst populace docela pomalu a kolem roku 1730 dosahl kolem 700 milionti. V tomto
obdobi se rist zacal zrychlovat, nastal dlouhy popula¢ni boom, ktery pokracuje dodnes. Okolo roku
1820 zilo na nasi planeté jiz kolem jedné miliardy lidi. Pfiblizn¢ v roce 1950 rostl pocet lidi na Zemi
asi 10 000 krat rychleji nez pted vynalezenim zeméd¢lstvi (McNeill 2000). Kolem roku 2000 dosahl
zdvojnasobeni sveétové populace poklesla z vice nez tii stoleti na pouha desetileti (viz obr. 1). Pfitom
demografové odhaduji jest¢ dalsi rst na 10 az 11 miliard do roku 2050 (OSN 2007). V delsim
¢asovém horizontu dokonce nevylucuji zdvojnasobeni souc¢asného poctu (McNeill 2000).

Evropska populace byla ve svych pocatcich podobné jako i populace na jinych kontinentech
lovecko-sbéracska. Priblizn¢ 4500 let pied nasim letopoctem zacala prechazet na zemedélstvi
v procesu znamém pod vySe uvedenym pojmem neoliticka revoluce. Plvodni hospodati vétSinou
odlesnili kus zemé (resp. vypalili) a néjaké obdobi plochu kultivovali. Kdyz se zac¢al hojn¢ objevovat
plevel, tak se péstovani kulturnich plodin pfesunulo dal. Podobny systém ale potieboval velké tizemi
auzivil jenom malo lidi. V dalsi fazi se postupné zkracovala obdobi, kdy piida nebyla vyuzivana,
kdy lezela ladem a prodluzovaly se periody kultivace.
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Obr. 1: Svétova populace
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Zdroj: Maddison (2007).

Antropologové a archeologové se stale dohaduji o pficinach neolitické revoluce, ktera zacala
zhruba pted deseti tisici lety na Stfednim vychodég, tedy o divodu ptechodu od lovu a sbéru
k zeméd¢€lskému stylu hospodateni (Worster 1988b). Jedna z hypotéz tvrdi, ze prvotni pocatek spociva
v nedostatku jidla zplsobeném ristem populace. Situace, ktera mohla nastat na mnoha mistech,
regionech a v riznych obdobich prehistorie, ale za v§im dle zminéné teorie staly vzdy pravdépodobné
demografické tlaky (Boserup 1988).

V roce 1500 méla Evropa okolo 80 milionti obyvatel. Pomalu se vzpamatovavala ze strasné

morové epidemie, kterd v poloving€ ¢trnactého stoleti vyhladila Ctvrtinu az tetinu evropské populace.
S rokem 1750 se pocet evropskych obyvatel dosahl odhadem 140 miliond. V dalSich sto letech vzrostl
na 266 miliénd, na uroven vice nez dvakrat vy$§i nez byla ve 12. stoleti (Worster 1988b). V Cesku
dosahovala v roce 1820 populace néco ptes 5 miliont. V roce 1850 uz vzrostla na témét sedm miliont
a na po&atku 20. stoleti jiz presahla 9 miliona (CSU 2008).
Nasledovné piebyvajici populace zacala opoustét Stary svét pro svét Novy. ,,Najezdnici® vstoupili
do Severni Ameriky, Argentiny, Australie, Jizni Afriky, aviak nikoliv do husté osidlené Ciny
nebo Japonska ¢i tropt. Kdekoli se neusadili ve vétSim poctu, zkouSeli alespon ziskat nadvladu
prostiednictvim kolonii. Na konci 19. stoleti jiz pfichazeji jedna z prvnich varovani — v knize Man
and Nature piSe George Perkins Marsh o ekologickych dopadech poctu a vlivu lidi za ocednem
iv Evropé. Naptiklad ve Francii mezi lety 1750 a 1860 byla vykacena nejméné polovina lesi,
coz pusobilo povodné, erozi a nedostatek dieva (citovano podle Worster 1988b).

Ale bylo by naprosto nepostacujici ptipsat vSechny environmentalni zmény pouze na vrub
rustu populace. Toto vysvétleni nam presné nefekne, které skupiny, které socialné-ekonomické tiidy
nejvice rostly a proc, které regiony v ramci narodi ziskévaly a které ztracely populaci. A uz vibec
to neodhali komplexitu emigrace — kdo a kdy a pro¢ opoustél Evropu. Navic s pfibyvajicim
mnozstvim potravin a rastem bohatstvi se snizovala v Evropé¢ uUmrtnost, poté i porodnost
ave dvacatém stoleti dokonce populace na nékterych mistech ubyvala (Worster 1988b).
Ve skute¢nosti na svété v t&€ dobé probihal jest¢ mnohem zasadnéjsi a pfevratny proces: prumyslova
revoluce.

Vv

vvvvvv

faktorem, ktery vytvofil nerovnosti mezi moci a bohatstvim, pfeménil geografickou organizaci
ekonomickych aktivit ¢loveka jejich odpoutanim od ptirodnich stanovist” energie a suroviny, a s tim
1 spolecenskych struktur, formoval svétovou politiku po roce 1800. Jednim z rannych (prvnich) efektii
vytvareni nerovnosti bylo napfiklad vyfazeni méné efektivniho primyslu v méné vyspélych zemich
jako byla naptiklad Indie (Neill 2000). Kapitalisticka reorganizace pfinesla revolu¢ni zmény ve vyuziti
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uzemi, srovnatelné s neolitickou revoluci tzv. ,,great tranformation®. Tato transformace geografické
organizace spolecnosti, tedy i krajiny, probiha nyni v takzvaném tietim svété (Worster 1993¢). Vyse
uvedené zmény byly uvedeny do pohybu pomoci novych technologii, systémi ekonomické
organizace, které dovolily lidem daleko vétsi vyuzivani energie.

Pfed primyslovou revoluci lidé méli k dispozici pouze silu svych svali a nékterych
domestikovanych zvifat, pfipadné silu vétru a vody (ovSem velmi neefektivné vyuzivanou), na jejiz
alokaci ¢i relokaci neméli téméf zadny vliv. A pro zahiati vyuzivali energii, kterd naopak praci
nekond, chemickou energii ulozenou ve dfevé a jiné biomase. Primyslova revoluce upln¢ pieménila
energeticky zaklad lidské spolecnosti. Energie zaCala byt dulezita pro vyrobu véci, pro piepravu
a samoziejme stale také pro samotné preziti (McNeill 2000).

Primyslova revoluce pfinesla motory, které dokazaly vyuzivat zdsoby energie akumulované
v zemské kufe stovky milionti let: fosilni paliva. Fyzikové se jednohlasn¢ shodnou, Ze konecné
mnozstvi energie ve vesmiru je neménné. A na Zemi je energie udrzovana v rovnovaze: co pfichazi
ze slunce jako energie zafeni se rovna energii, ktera je vyzatrena zpatky do vesmiru jako teplo. Energie
nemiize byt ani vytvotena ani zni¢ena. Casto mluvime o vyrobé a spotieb& energie. Pojem vyroba je
vsak v této souvislosti ponékud neptesny. Presngji se jedna o pfeménu jedné formy energie na jinou
— snadng&ji dopravitelnou, uskladnitelnou a vyuzitelnou. VSechna energie je vlastné ,,jaderna energie®,
ktera pochazi z jaderné flze na Slunci (nepocitame-li vSak gravitacni energii). Tato energie
se vyskytuje na Zemi v ruznych formach. Dilezita pro lidstvo je energie mechanicka, chemicka,
tepelna a energie zafeni. Problémem je pro nas dostat energii v pouzitelné formé na pravé misto
v pravou chvili, protoze pii kazdé preméné z jedné formy na jinou dochézi k praktickym ztratam: lidé
pfeméni napiiklad na mechanickou energii pouze 18 % chemické energie z jidla, kon€ pouze 10 %.

Pred prumyslovou revoluci probihala pfeména energie pouze na biologické Urovni. Prvni
lidska spolecenstvi pouzivala vyhradné vlastni silu svalli, odvozenou z chemické energie ulozené
v rostlinach a mase. Do obdobi pfiblizn€ pted 10 000 lety zaviseli nasi pfedci pouze na svych vlastnich
télech — coz mizeme nazvat ,,té¢lesny energeticky rezim* (McNeill 2000).

Zemédelstvi dovolilo lidem vétsi kontrolu nad rostlinnymi ,,pfevodniky* energie — rostlinnou
potravou. Trojpolni zemédelstvi (které u nas bylo zavedeno asi od 12./13. stoleti) spocivalo v pfesunu
péstovani plodin rok od roku na jina pole v jiné Casti arealu obce. Tim zvysilo dostupnou energii
asi desetkrat ve srovnani s predchozim zplGsobem hospodafeni sbéraCstvim a lovectvim.
Avsak nasledn€ tthorové zemédélstvi (usedlé) zvysilo pfisun energie opét desetkrat. To se projevilo
vetsi hustotou osidleni. Po domestikaci zvirat lidé ziskali mnohem vice energie svalti, vice mechanické
energie ve vice koncentrované formé€. Voli pro tah a koné ¢i velbloudi pro pfepravu pfinesli dalsi
velké zlepseni. Voli, kravy atd. mohli orat i t¢zké ptidy, ¢imz se otevrely dalsi moznosti péstovat vice
obilnin, coz na druhé strané¢ umoznilo zivot vice lidem i vice taznym zvifatim v pozitivni zpétné
vazbé, ktera prekrocila plivodni rozméry ,.t€lesného energetického rezimu* (McNeill 2000).

Nové plodiny, kola a konské potahy vylepsily energetickou ucinnost spolecnosti
bylo vice nez 70 % energie ziskavano z lidskych svalii. Zakladnimi omezenimi zistavalo mnoZzstvi
orné pudy a mnozstvi vody pro produkci plodin.

Pro praci se v déjinach na riznych mistech svéta pouzivali Casto otroci, protoze lidsky
metabolismus pieméinuje energii na praci efektivnéji nez zviieci.

Primyslova revoluce nejprve zvysila a pak piekonala lidskou silu svalt. Kdekoliv se rozsifila,
nazvat ,,mimotélni energeticky rezim“. K tomu pfispél vék fosilnich paliv: od roku 1800 z nich
pochazel lvi podil energie (McNeill 2000). Byl to parni stroj, ktery umoznil odpoutani primyslové
vyroby od lozisek surovin (uhli, dieva, rud apod.) a hlavné od pfirodnich zdroju energie. Pozdéji jej
nahradil vybusny motor, elektfina, nenasytni spottebitelé fosilnich paliv. Produkce uhli svéta vzrostla
z asi 10 mil. tun v roce 1800 na stondsobnou hodnotu v roce 1900. Pomeéry spotieby energie pro rizné
druhy spolecnosti jsou uvedeny v Tabulce 2.
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Tab. 2: Primérna spotieba energie na osobu a rok

Priumérna spotieba energie na osobu a rok (pouze relativni hodnoty)
Zakladni potieba lidského téla 1

Loveci a sbéraci 3-6
Prvni zeméd¢lské spolecnosti 18-24
Primyslové spolecnosti 70-80

Zdroj: McNeill (2000).”

S rokem 1900 prisla dalsi novinka, zacala se hromadnéji pouzivat ropa. Po roce 1890
tak fosilni paliva zastinila v ziskavani energie biomasu, i kdyz je vétSina populace nevyuzivala pfimo.
Vice v Tabulce 3.

Tab. 3: Svétova produkce vybranych druhii paliv v roce 1800, 1900 a 1990

Produkce (miliardy tun)
Typ paliva/letopocet 1800 1900 1990
Biomasa 1 000 1400 1 800
Uhli 10 1 000 5000
Ropa 0 20 3 000

Zdroj: McNeill (2000).

Kolem roku 1890 zacala rovnéz elektrifikace, kterd podnitila dal§i poptdvku po energii.
spolu s ropou (padesata 1éta), zemnim plynem a jadernou energii (dohromady tézba energie vzrostla
od roku 1800 asi osmdesatkrat), coz v historii lidstva nemélo obdoby.

Podle McNeilla (2000) pouzival svét dvacatého stoleti desetkrat vice energie nez tisic let
pred rokem 1900. Ve 100 stoletich pied pocatkem zemedélstvi az do roku 1900 spotiebovali lidé
dohromady pouze okolo dvou tfetin mnozstvi energie, které spotfebovali ve stoleti dvacatém.

Vyhodna energeticka intenzifikace neni ale zadarmo. Spalovani fosilnich paliv produkuje
znecisténi. Spalovani biomasy sice také, ale protoze fosilni paliva jsou daleko vice pouzivana, celkove
produkuji vice zplodin, nehled¢ na zménu klimatu zpisobenou uvolnénymi sklenikovymi plyny.
Pouzivani fosilnich paliv rovnéz zplisobuje nerovnost na svéteé. Potfebné technologie a nasledné
i politické struktury se vyvinuly nejprve v Evropé a Severni Americe. Ostatni Casti svéta vesmes
zustaly zavislé na biomase a sile svald zhruba do padesatych let 20. stoleti. Dokonce nejchudsi zeme
doposud v této situaci jsou a ¢asto prodavaji bohatSimu severu pod cenou pottebné suroviny, které lezi
na jejich uzemi.

Nerovnost vyuzivani energie vyvrcholila asi v 60. letech 20. stoleti a od t¢ doby se jeji
intenzivni vyuzivani $iii po celém svété. Vycerpani fosilnich paliv nehrozi bezprostiedné hned ted’
— predikce nedostatku zatim neuspé€ly. Soucasné predpoveédi odhaduji, Ze mame jesté nekolik desitek
let nez ma dojit ropa ¢i zemni plyn a za né€kolik stoleti uhli. Mizeme zit z véky akumulovaného
geologického kapitalu jesté po néjakou dobu — pokud zvladneme nebo budeme akceptovat znecCisténi
zpisobené fosilnimi palivy (McNeill 2000).

Vétsina lidskych Cinnosti, které povétSinou méni zaroven Zzivotni prostiedi, se povazuji
za ekonomické aktivity. Je zvykem, ze Ekonomové méii velikost ekonomiky souctem veskeré hodnoty
zbozi a sluzeb na trhu nebo jinak oficialné zaznamenanych ekonomickych dat. Dostanou jednoduché
¢islo HDP. Pred péti sty lety, Cinil svétovy HDP(vyjadieny v cenach dolardi z roku 1990)
asi 240 miliard dolard, trochu vice nez je HDP dnesniho Polska nebo Pékistanu a trochu méné
nez produkuje Taiwan nebo Turecko. Do roku 1500 rostla svétova ekonomika extrémné pomalu
po tisicileti, také proto, Ze pomalu rostla populace a technicky pokrok pfichdzel také velmi pomalu.
Po roce 1500 rostla zaoceanska doprava a mezindrodni obchod. S rokem 1820 vzrostl svétovy HDP
na 695 miliard dolari (vice nez Kanada ¢&i Spanélsko, méné nez Brazilie v hodnotach roku 1990).
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Primyslova revoluce, dalsi vyvoj dopravy, apod. pomohly zvysit HDP po roce 1820 na 1,98 trilionil
dolard (méné nez Japonsko v hodnotach 1990).

Tak se obdobi mezi lety 1870 a 1913 stalo z hlediska ristu svétové ekonomiky rychlejsi
nez jakékoliv obdobi predtim a rychlejsi nez v nésledujicim obdobi. Po tfech desetiletich omezeného
rustu (1914-1945) se svétova ekonomika opét vzedmula tak, ze v roce 1950 dosahla HDP 5,37 trilionil
dolard (stejné¢ jako USA v roce 1991). Nasledoval dlouhy boom spoéivajici v otevienéjSim
mezinarodnim obchodu, rychlém vyvoji technologii a prudkém vzristu populace. V roce 1992 byl
svétovy HDP kolem 28 trilionti dolarti. Svétova ekonomika dvacatého stoleti byla asi 120krat veétsi
nez v roce 1500. VétSina tohoto rdstu probéhla po roce 1820. Nejrychlejsi rist svétové ekonomiky
spada do let mezi 1950 a 1973, avSak cela perioda po druhé svétové valce zazila neskonalé tempo
rustu, nevidané v lidské historii. VétSina této ekonomické expanze byla zplsobena rtistem populace,

Socialni cena takovéhoto ristu ve formé zotroCenych, vykotistovanych nebo zabitych lidi
je velika a rovnéz environmentalni cena. Historikové se v poslednich tfech dekadach hodné soustredili
na socialni dtsledky ekonomického rtistu a modernizace; environmentalni disledky vSak zasluhuji
rovnéz pozornost (McNeill 2000).

V Cesku vzrostl HDP od roku 1820 do roku 1850 o polovinu. V roce 1900 uZ bylo na vice
nez trojndsobné hodnoté roku 1820 a v roce 1910 na Etyindsobné. Mezi svétovymi valkami HDP
vzrostl na vice nez Sestinasobek této hodnoty. Po druhé svétové valce zacala hodnota HDP n¢kde
na Ctyinasobku hodnoty z roku 1820, nasledoval strmy rist zejména mezi 60. a 80. léty,
kdy se hodnoty pohybovaly jiz na desetinasobku. V soucasné dobé se pohybuje nékde mezi deseti
a patnactindsobkem hodnoty z roku 1820, tedy z doby pted primyslovou revoluci.

Rist populace a ekonomiky, HDP i pfijmu na osobu ze zacal zrychlovat v 19. stoleti. V 18.
— au nas zejména ve 2. pol. 19. stoleti nastoupilo jiz plné stfidavé zemédé&lstvi. Uhofeni prakticky
zaniklo, veskera orna ptida byla stale obd€lavana, na poli se stfidaly péstované plodiny. V nékterych
oblastech svéta se zaCalo pomalu zavadét jiz v 15. stoleti, az v 18. a 19. stoleti se plné rozvinulo.
Struktura a dynamika agroekosystémut se zacala dramaticky ménit. Nejprve zemédé€lci péstovali
plodiny pro vlastni spotfebu a nadbytek odvadéli v riznych formach vétSinou Slechté, resp. prodavali
méstim. Postupem Casu a s vyvojem trhii a modernizaci dopravy zacali péstovat méné a mén¢ druhii
plodin a sousttedili se na vyrobu pro obchod.

Na zacatku kolonizace se do Evropy dovazely pouze vzacnosti, jako napt. drahé kovy, kofeni
apod. Uroveii tehdejsi dopravy ani neumoziiovala n&jaké hromadné naklady. Takové zbozi bylo
charakterizovano vysokou hodnotou smény na kilogram. Dopady na ekologii a zivot v exportujicich
zemich mohly byt hrozivé. Jmenujme napiiklad tézké lokalni ekologické dopady exportu slonoviny
nebo tygiich kozeSin ve srovnani se zanedbatelnosti vlivu takového obchodu na ekonomiku
dovazejicich zemi. Drahocennosti, jako zlato, které je Casto vyznamné pouze pro vybrané spole¢enské
vrstvy spolecnosti, s sebou ale pfinasi vazny dopad v podobé tézby v otevienych dolech,
kde se pouziva velké mnozstvi vody a jedovatych kyanidd, ktery je Casto znatelny az na vzdalenych
mistech. Takovy dopad samoziejmé postihne vyvazejici zemi a ne zemi, ktera zlato dovazi. Cukr byl
kdysi také drahocennosti. Pozdéji se stal hromadnou komoditou. Dal§i hromadné komodity,
jako napftiklad guano a chilsky ledek mezi lety 1840 a 1914 a dfevo a dnes ropa a zemni plyn, se staly
rozhodujicimi komoditami co se ty¢e podilu, ktery maji v dovozu (Hornborg et al 2007).

V tomto sméru je tedy Evropa mnohem vétSim ,kolonizatorem* nez kdykoliv piedtim.
Benzinové pumpy v Evropé by mohly nést napis ,,Kolonialni zbozi“. V 19. a na pocatku 20. stoleti
zavisely zeme dnesni Evropské unie prevazné na vlastnim uhli a biomase jako energetickych zdrojich,
dnes je vSak Evropska unie velkym dovozcem ropy a zemniho plynu. Vezmeme-li vahu vsech
materiald dohromady (energetické suroviny, mineradly, kovy, biomasa), Evropskd unie dovazi
asi Ctyfikrat vice hmoty, nez vyvazi. A naptiklad Spojené staty dnes dovazeji vice nez polovinu ropy,
kterou spotfebovavaji (Giljum and Eisenmenger 2004 citovano v Hornborg et al 2007).

3. Socioekonomicky metabolismus

Lidska spolecnost svym ekonomickym systémem v néfem vzdalené pfipomind zivy
organismus. Odebira z prostfedi zdroje nezbytné pro svoje fungovani a vylucuje zpét odpadni latky.
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Pojem metabolismus zname z biologie. Rlizna spolecenska uspotadani mohou mit rtizné druhy
metabolismu jak v pribéhu vyvoje v Case, tak i rlizna spoleCenstvi na rdznych mistech Zemé.
Dokladem toho je rozdil mezi vyspélymi a mén¢ rozvinutymi zemémi, naptiklad mezi Evropou
¢i rovnikovou Afrikou.

Spole¢nost, v niz prevazuje zemédélstvi, zejména pied primyslovou revoluci, a spolecnost,
ktera jiz dospéla do industrialni faze vyvoje, maji rizné vzorce tokli energie skrz jejich vyrobni
systémy. Maji rizny ,,metabolismus spole¢nosti“ nebo jinak ,socidlni metabolismus®, nebo také
,industridlni metabolismus® (Ayres a Simonis 1994; Fischer-Kowalski and Weisz 1999).

Znamy Svycarsky environmentalni historik Rolf Peter Sieferle rozdélil spole¢nosti do dvou
hlavnich skupin v zavislosti na tom, jakym zptisobem hospodafi s energii, neboli jaky je jejich
»energeticky metabolismus®: tj. na spolecnosti zavislé na slunecni energii a spolecnosti se systémem
fosilni energie.

Lovci a sbéraci pasivné vyuZzivaji slunecni energii, to znamend, ze jejich socioekomicky
energeticky metabolismus zavisi na intenzité¢ slunecniho zafeni a vazani jeho energie do rostlinné
biomasy, piicemz oni sami do tohoto procesu nijak vyznamné nezasahuji. Tak musi lovci a sbéraci
viceméné zit ze zdrojd, které najdou a nemohou ani nakumulovat vyznamné&j$i mnozstvi hmoty
ani vazné znecistit svoje Zivotni prostfedi. Jedinym nebezpecim se miZze stat nadmérné odebirani
klicovych zdroji. Je zde naptiklad urcitd pravdépodobnost, Ze lovci a sbéraci v pleistocénu pfispéli
k vyhubeni vétSich zvifat. Tento druh hospodafeni (metabolismus) pretrvaval na Zemi tisice let,
mnohem déle nez nase souCasna spolecnost s primyslovym zplsobem hospodafeni (to trva
cca 300 let).

Zemedelske spolecnosti dle Sieferleho (2001) mohou aktivné vyuzivaji energii pomoci
mechanickych nastroji a vyuzivanim uréitych rostlin zasahuji do pfirozeného procesu vstfebavani
slune¢ni energie rostlinami. Kaceji lesy, vytvareji “agroekosystémy” (lidmi preménéné ekosystémy
— zem&dé€lské ekosystémy — pole, louky), péstuji nové druhy plodin a snazi se zbavit téch
nepotiebnych. Jejich zakladni strategie je ovladnout izemi (a tim vlastné rovnéz odpovidajici slune¢ni
svit). Mechanické prostfedky na druhou stranu (v pokrocilejsich spole¢nostech vodni mlyny) prevadéji
slune¢ni energii, ktera se vyskytuje na Zemi ve formé vétru, vétrnymi mlyny na pohyb, jenZ mohou
lidé vyuzit.

Soucasny priimyslovy model spolecnosti a zptisobt jejiho hospodateni je zaloZzen na vyuzivani
fosilnich paliv. Jeho doba trvani se zda byt do budoucna omezena nejenom omezenym mnoZstvim
zdrojt, ale také tim, ze uvadi do pohybu globalni zmény Zivot podporujicich systém.

4. Myslenky a politiky

Jak pise John McNeill (2000) ve své knize ,,Néco nového pod Sluncem®, dvacaté stoleti bylo
svédkem neuvéfitelné pestré mozaiky rtiznych ideologii a politik. Pfevratna obdobi oteviela dvete
pro ptehodnoceni starych domnének a piesvédceni. Nové environmentdlni myslenky a politiky,
1 kdyzse da fici, Ze jsou v obdobi od 60. let 20. stoleti Casti novych ,rovnic“, které vladnou
spole¢nostem, nikdy upln€ nenahradily staré panujici myslenky a politiky, které tolik pasuji do starych
dob. Jednim z divodu, proc se zivotni prostiedi béhem 20. stoleti hodné zmeénilo, je, ze se pievazujici
myslenky a politiky z ekologického pohledu zménily pfili§ malo. Dale autor soudi, Ze to, co si lidé
mysli, ovliviiovalo rovnéz jejich prostiedi, protoze to do jisté miry utvarelo jejich chovani. A zajisté
dale také ménici se prostfedi do jisté miry ovliviiovalo lidské chovani (McNeill 2000).

Zhruba do 60. a 70. let minulého stoleti si otazky dopadii lidskych aktivit na ptirodu kladli
i badatelé jen minimalné. V 60. letech vSak piiSel zlom: byla to boufliva doba plna novych myslenek,
ze které vzesla dvé dulezita hnuti: hnuti za prava Zen a environmentalismus (nebo také ekologické
hnuti ¢i hnuti na podporu ochrany Zivotniho prostfedi). Vyznamnou autorkou, kterd dala do pohybu,
da se fici masové environmentalni hnuti, byla americkd biolozka Rachel Carson se svou slavnou
knihou ,,MlI¢ici jaro“ (vysla v roce 1962). Upozornila zde na nebezpecné pouzivani pesticidi (DDT),
které kromé sktidct zabiji i zpévné ptactvo (odtud nazev knihy). V roce 1970 se pak ve Spojenych
statech uskutecnily prvni oslavy Dne Zemé.
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Box 1: RozliSeni dvou zékladnich systémti hospodaieni s energii rdznych spoleCnosti, dle tzv. rtzného
»energetického profilu®

,»Nabalovani energie“ - ,METABOLISMUS LIDSKE SPOLECNOSTI*

ZEMEDELSKASPOLECNOST

»clovékem Fizeny systém slunefni energie® — energie je ziskavana z lidmi preménéného /a kontrolovaného/
prostiedi /pole, louka, les/, tzv. ,,agro-ekosystému‘

Slune¢ni energie proto, ze veskera energie, kterou takto Clovek ziska, je slunecni energie fixovand
Sfotosyntézou do rostlinnych tél. Lidé odebiraji energii ve formé biomasy /potrava, krmivo pro dobytek/

Takovy zeméd€lsky systém poskytuje vice energie, nez do néj ¢lovék vklada /ve form¢ prace, hnojiva
— v tomto ptipad¢ ptirodniho/

PRUMYSLOVASPOLECNOST

»Systém fosilni energie“ — na rozdil od predchoziho systému, jehoz prisun energie je zavisly na biomase,
tedy ploSe, u tohoto systéemu hraji ditlezitou roli vstupy energie zvenci — energie fosilnich paliv, kterd nahrazuje
lidskou praci a praci zvirat. Tento vnéjsi vstup energie neni omezen plochou. Rikame, Ze se odpoutdva od piidy.

Zemédelsky systém tohoto typu je zavisly na vnéjSich prisunech energie, které jsou vyss§i nez nasledné
vystupy — ¢lovek ,,dotuje“ zemédelstvi zvendi.

Upraveno dle: Kowalski, Haberl, eds. (2007) a Sieferle (2001).

Podle John McNeilla neni mozné uplné piesné veédét, zda lidstvo vskutku vstoupilo
do opravdové ekologické krize. Je vSak jasné, Ze jeho soucasnd cesta, zplsob existence jsou
neudrzitelné. Nevime vsak, jak dlouho po ni mizeme jit, jak dlouho ji mizeme udrZet a co se mize
stat, pokud na ni zistaneme. V kazdém ptipad¢ je lidska historie jiz od pocatku zemédélstvi plna
neudrzitelnych spole¢nosti, z nichz nékteré zanikly a nékteré prezily do dneska. Budoucnost,
ita docela blizka, neni jenom nepoznatelnd; je v podstaté nejista. Nékteré scénate budoucnosti jsou
si bezpochyby podobné;jsi nez jiné, ale nic neni neménné. Ve skutecnosti je dnes budoucnost mnohem
vice nepostizitelna nez kdykoliv predtim: existuje velky pocet radikalné¢ odlisnych mozZnosti
v dasledku rostouciho vlivu zrychlujicich se inovaci technologii a protoze se velmi rychle $iii nové
mySlenky. Dal$im divodem nejisté budoucnosti jsou zmény reprodukéniho chovani, proménna,
ktera se obvykle méni jen velmi pomalu. Zminéné proménné jsou pravdépodobné nyni vice provazany
nez v minulosti, takZe cely systém globalni spole¢nosti a Zivotniho prostfedi je nejistéjsi, chaoti¢téjsi
nez kdykoliv predtim.

Zhruba dv¢ sté az tii sta let Zijeme v rostouci ekonomice. Béhem tohoto obdobi jsme zacali
vétit, ze hlavni problémy, jako je napiiklad nezaméstnanost, chudoba ¢i pielidnénost, se daji vyfesit
dal$im rstem. Pokud bychom zili ve vzduchoprazdnu, mozna by to tak mohlo byt. Ale naSe planeta
je konecna, neroste. Vyznamny ekonom Herman Daly proto navrhuje, abychom se snazili spise
nez o rast o rovnovahu. Anglicky o ekonomiku v rovnovazném ¢i ustaleném stavu ,,A Steady State
Economy* (Daly 1973). Pro mnohé je velmi slozité si takovou ekonomiku predstavit. Néktefi
se dokonce obavaji, Ze by to znamenalo ,,ustrnuti v temnotach komunistické tyranie“. Nekteti si mysli,
ze tak velka zlepSeni v technologiich jako je napiiklad energeticka efektivita (ispornost) a recyklace
jsou velmi jednoduché a pomohou.

Velmi cCasto se vize budoucnosti oznacuje ne pfili§ konkrétnim pojmem ,,udrzitelny rozvoj“.
Myslenka rozvoje, ktery uspokoji potieby soucasnych lidi a pfitom neohrozi moznosti pfiStich
generaci a nezni¢i pfirodu, se objevila uz v roce 1980 v takzvané ,,World Conservation Strategy
of the International Union for the Conservation of Nature® (Svétova strategie ochrany Mezinarodni
unie pro ochranu piirody) (IUCN, UNEP a WWF 1980). O rok pozd¢ji vysla kniha Lestera Browna
,Building a Sustainable Society” (Budovani udrzitelné spole¢nosti), v roce 1984 publikoval Norman
Myers praci ,,Gaia: An Atlas of Planet Management® a konecn¢ byl udrzitelny rozvoj, jak ho chapeme
dnes, definovan komisi OSN pro zivotni prostiedi a rozvoj v knize ,,NaSe spole¢na budoucnost*
(Our Common Future) vydané v roce 1987 (WCED 1987).
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Podékovani

Tento ¢lanek mohl vzniknout diky podpofe Fulbrightovy komise v ramci Fulbright-Masarykova stipendia.

Poznamky
! Vechny plochy oceanu na jih od 60. rovnob&zky.

? Dalsi ¢lanky zabyvajici se environmentalni historii v Klaudyanu: Worster, D., (2001) Environmentalni d&jiny
a environmentalni hnuti. Klaudyan, 6 (http://klaudyan.psomart.cz/clanek.php?id=38).

Winiwarter, Verena: Umweltgeschichte: Uber die Wechselwirkungen zwischen Natur und Kultur. Klaudyan, 5
(http://klaudyan.psomart.cz/clanek.php?id=32).

Jeledek, L.: Ceské environmentalni d&jiny do roku 2000. Klaudyan, 4
(http://klaudyan.psomart.cz/clanek.php?id=23).

Jele¢ek, Leos: Environmentélni d&jiny v Cesku, Evropé a USA: Podatky a nékteré $irsi souvislosti. Klaudyan, 3
(http://klaudyan.psomart.cz/clanek.php?id=20).

Dalsi literatura na dané téma viz Jelec¢ek (1994, 2000, 2006).

3 Pramyslova revoluce byla hlavni technologickou, socialné-ekonomickou a kulturni zménou na konci
18. a pocatku 19. stoleti. Zacala v Britanii a §ifila se po celém svété. V prub&hu ¢asu byla ekonomika zalozena
na manualni praci nahrazena primyslovou - strojni - vyrobou. Zacalo to mechanizaci primyslu a vyvojem
zelezo-technické vyroby a expanzi obchodu byli umoznény zavedenim kanalt, zlepSeni silnic a pozdéji Zeleznic.
Zavedeni parni energie (pohanéné pievazn¢ uhlim) a pohanénymi strojnimi zafizenimi (hlavné ve vyrabéni
textilu) podepielo dramaticka zvySovani vykonnosti podniku.Vyvoj vSech kovovych néstrojii v prvnich dvou
desetiletich 19. stoleti usnadnily vyrobu vice stroji vyroby pro zhotoveni v jinych priimyslech. Zacala rovnéz
"reorganizovat" krajinu, dislokaci vyroby, parnim strojem osvobozen¢ od alokace energie ev. surovin.

 Hodnoty pievzaty z Rolf Peter Sieferle, Der Europiische Sonderweg: Ursachen und Faktoren, citovano podle
John McNeill, Human Web . Jednotkou je zde primérna metabolicka potieba dospélého, zde okolo 3,5 gigajould
za rok.
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Summary
From hunter and picker to industrial metabolism

The world around us is permanently changing. The GDP grows, the population grows, the consumption
of natural resources and energy grows. The growth in the 20™ century had no precedents in thousand years
of human history. But the Earth stays the same size. We have been living in the growing economy
approximately since last two hundred years. The problem is that economist often believe the problems
with unemployment, poverty or overpopulation could be solved by further economy growth. As we can see
from the serious environmental impact which human economy has on the global ecosystems, additional
and lasting growth is not the right formula for a sustainable future. We change the landscape we undermine
the natural ability of the resources to replenish. We significantly reduce biodiversity and pollute air, water
and soil. The famous environmental economist Herman Daly suggests that we should seek rather for a balance
that growth.

Before the neolitical revolution (approximately 10000 years B.C.) the human modes of production were
dependent on the power of human muscles and on the local yields of biomass driven by the solar energy
reaching the Earth. As people domesticated animals and started using of firewood the metabolism of energy
flows has became “exosomatic”. With the onset of industrial revolution and wide use of fossil fuels,
introduction of steam engine the area based production deliberated from the solar energy and the yields of food
production could grow with the external input of fossil energy. According to environmental historian
John McNeill the world in the twentieth century used 10 times more energy as in the thousand years before
1900. In the 100 centuries between the dawn of agriculture and 1900, people used only about two-thirds
as much energy as in the twentieth century.

The 20™ century has witnessed the incredible mix of ideas and politics. Among them also the new
environmental ideas emerged as a reaction to extreme exploitation of natural resources during industrialization.
The current patterns of human existence is not sustainable.
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1) KUSKOVA, P. (2009): The long term industrial transformation study for the territory of
Czechoslovakia. In: Malhotra, G.(ed.): Environmental Growth. A Global Perspecitve.
Macmillan Publishers India Ltd., New Delhi, s. 202—-215.
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15

The Long Term Industrial
Transformation Study for
The territory of Czechoslovakia

Petra Kuskova

INTRODUCTION

In the last two decades there has been a growing interest among scientists in
studying society-nature interactions. Many analyses have been carried out
from a historical perspective to better understand the present state and possible
future trends.

Interactions between human activities and the natural processes have complex
characteristics: human economy extracts materials from the earth and emits back
its wastes. The economic system functions in an analogy to a living organism and
those processes are called “industrial metabolism” (Ayres & Simonis, 1994). The
term “social metabolism” is also used (see for example Fischer-Kowalski and
Weisz, 1999).

A related concept, that of the Ecological Footprint introduced by Wackernagel
and Rees (1996), gained high popularity between both scientists and politicians
along with the broad public. This concept is built on the presumptions that we
can track most of the materials extracted from nature and consumed by society
and most of the waste produced. And moreover, that it is possible to convert this
demand into ecologically productive area which is needed to provide us with
these resources and absorb wastes (Wackernagel and Rees, 1996). In addition,
the ecological footprint also compares the area needed with the area available,
thus making it possible to answer the question whether a country lives within its
biophysical limits or not.

Since its introduction this concept has been used in numerous works, and also
modified for analysis in time series (see for example Haberl et al., 2001).

This paper looks at the society-nature interaction on the territory of
Czechoslovakia from 1926 to 1990, and after the division into Czechia and
Slovakia for these two countries together (1995 - 2000). The concept of social
metabolism - namely material and energy flow accounting (MEFA) and historical
footprint analysis will be presented together in the paper as they have strong
relation: both deal with the extraction of biomass, fossils, and physical foreign
trade and have a strong relation to land use.
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METHODS AND DATA

Material and energy flow accounting

MEFA and indicators derived from it provide a set of descriptive tools to quantify
materials and energy entering and leaving a socio-economic system. Consistent
with the first law of thermodynamics (conservation of energy/matter), MEFA
establishes balance sheets of physical flows: inputs, outputs and material
accumulation of socio-economic systems (Eurostat, 2001). MEFA methodology
allows for both time series analysis and cross country comparison (e.g.,
Eurostat, 2002).

The main indicators derived from MEFA are domestic material/energy
consumption (DMC/DEC) and direct material/energy input (DMI/DEI), the
physical trade balance (PTB), domestic processed outputs (DPO) and net addition
to stocks (NAS) (Krausmann et al., 2004).

Standard MFA aggregates material flows in tonnes and EFA converts these
flows into energy, namely into gross calorific values of all items included. All
MEFA data can be disaggregated with respect to physical characteristics: fossils,
biomass, fertilizers, etc. (Krausman et al., 2004).

For the purpose of this paper, we have chosen the indicators of domestic
material/energy consumption (DMC/DEC) and direct material/energy input (DMI/
DEI) of biomass and fossil fuels. These indicators are closely related to ecological
footprinting as they both deal with the extraction of biomass, fossils, and physical
foreign trade and have a strong connection to land use. The EF is intimately
related to socioeconomic metabolism: the largest EF components arc usually
grasslands, croplands and forests providing socioeconomic biomass inputs, and
CO2 absorption land related to fossil-fuel combustion (Haberl et al., 2001).

The direct material input (DMI) of biomass is calculated as imports plus
domestic extraction. Domestic material consumption (DMC) of biomass is defined
as biomass DMI minus biomass exports.

Direct energy input of fossils (DEI) is defined in the same way as DML, as
imports plus domestic extraction of fossils. Domestic energy consumption (DEC)
is defined as DEI minus exports. Domestic energy consumption (DMI) is defined
as DEI minus exports.

Ecological Footprint

The ecological footprint of a certain economy (city, person, economic sector, .....)
is the productive area needed to produce resources which the economic system
uses, and to absorb wastes it emits to the environment (mostly only CO2 released
from combustion processes in energy production).

The calculation introduced by the authors of this concept is presented mainly
as a snapshot usually for a certain year (Wackernagel and Rees, 1996, Wackernagel
et al., 1999). For the time series analysis there is a need for a slight simplification
as the adoption of the methodology used for “one year calculation” would lead to

- insuperable complications. A calculation of the EF for a time span of 80 years is



Petra Kuskova — Socialni metabolismus ¢eského a ¢eskoslovenského tUzemi v dlouhodobé perspektivé

66

204 Environmental Growth

not a straightforward application of the commonly used EF methodology
(Wackernagel and Rees, 1996; Wackernagel et al., 1999). The footprint method
has been modified for use in time series calculations for example by Haberl et al,
(2001) and Erb (2004).

The EF of a national economy is calculated by assessing the ecologically
productive area necessary (O sustain its material and energy flows (both for
producing the used resources and for absorbing the generated wastes) and the
areas used for infrastructure (built-up land). Whereas the amount of area needed
(o absorb a defined amount of CO2 should arguably be based upon global average
forest productivity (because atmospheric CO2 enrichment is a global problem)
and can be assumed to be approximately constant over time, both assumptions
are questionable with respect to socioeconomic biomass flows: agricultural and
forest yields are not constant over time and vary considerably between regions.
Thus, in calculating the EF in time series the question arises which yield
(productivity per unit area) should be assumed for converting biomass flows into
footprint areas (Haberl et al., 2001).

In order to be able to compare the ecological footprint of different countries,
the classical EF methodology uses global productivity averages Lo calculate the
EF of any specific resource category used. For example, for calculating the EF of
the wheat consumption of country A, the “apparent consumption’ (i.e. domestic
extraction plus imports minus exports) of wheat [tonnes] in country A is divided
by the global average wheat productivity yield [tonnes per hectare], resulting in
the number of hectares necessary to sustain the wheat consumption of country A,
assuming global yields. But, the actual productivity of the cropland in country A
can be higher or lower than the global average. To make BC available in country
A comparable to A’s consumption, a so-called ‘yield factor’ is introduced for
cach land-use category, defined as the ratio of the specific productivity of

the country to global productivity (Wackernagel et al., 1999). Therefore, the
BC of a country is not

necessarily equal to its biologically productive area, but depends also on the
productivity of this area

compared to world average productivity (Haberl et al., 2001).

In a time series calculation this spatial and temporal variability of yields poses
a problem (Haberl et al., 2001): which yield should be used for converling
consumption [kg] into area [ha]? This question has a significant impact on the
results of EF calculations because yields for any given product can vary by factors
of up to 10 over space and time. According to Haberl et al, (2001): instead of
deciding this question on the basis of ad hoc considerations, we have chosen to
calculate the EF in Czechoslovakia 1926-2000 using three different methods.
The calculations assume (1) constant global yields as of 1995 (Method 1); (2)
variable global yields (Method 2); and (3) variable local yields for domestic
extraction and variable global yields for imported biomass (Method 3). The fossil-
energy footprint is evaluated on the basis of constant carbon sequestration rates
published by Wackernagel (1999).
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The biocapacity (BC) has been assessed in an analogous way: for Method 1,
the local BC of the area lying within the country is modified using the so-called
‘yield factors’ as described by Wackernagel et al. (1999).

Precisely speaking, the yields factors in this case mean the local yields for a
given year divided by the global average yield for the same year and consumption
category (e.g. wheat). Method 1 uses only the global yield for 1995, Method 2
uses variable global yields (compiled by Haberl et al. (2001)). For Method 3, the
local biocapacity equals the actual local area of productive land. For the purpose
of this article, we calculated only the local biocapacity.

These three methods answer different questions. The method GYvar refers to
the question: "how much globally average grassland, cropland, forest (and sea
space) would be necessary to sustain the societal metabolism of a country, given
yields at that time (and including CO2 absorption area), and how much area does
the infrastructure in the country cover?’ The method LYvar refers to the question:
"how much bioproductive area is: (1) actually used to supply biomass-derived
products consumed within a country, domestically or abroad, assuming actual,
regionally differentiated yields; and (2) how much globally average bioproductive
area would be necessary either to absorb the fossil-fuel derived CO2 or to produce
an equal amount of energy renewably?” While the consumption of | kg of wheat
will be assigned the same footprint in all countries if the EF in the method G Yvar
(and GY95), the method LYvar assigns different footprints to the consumption of
I kg of wheat, depending on the supply mix (domestic, imported) and on the
respective yields (Haberl et al., 2001).

Data

This paper builds on a dataset compiled within the project of the Institute of
Interdisciplinary Studies of Klagenfurt University (IFF) “The transformation of
society’s natural relations: from the agrarian to the industrial system”. The database
on social energy metabolism has been compiled from a number of different types
of data sources:

Annual publications of the respective statistical offices (Czechoslovak
Statistical Office 1920-1939 and 1949 — 1968; Czechoslovak Federal Statistical
Office 1969-1992; Czech and Slovak Statistical Offices (since 1993). The most
important sources of primary data were official publications by the national
statistical offices of the respective states. Statistics has a long tradition in
Czechoslovakia and the Czech and Slovak Republics. After the collapse of the
Austro-Hungarian Empire, the newly formed Czechoslovak Republic basically
continued the elaborate and detailed system of collection and publication of
statistical data which was established by the “Central Statistic Commission” of
the former empire. The system of reporting continued in its basic structure
throughout the 20th century and has been continued by the Czech and Slovak
Statistical Offices after 1991.

International statistical sources: Faostat, International Energy Agency (IEA).
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THE CASE OF CZECHOSLOVAKIA

Czechoslovakia was formed from several provinces of the collapsing Austro-
Hungarian Empire in 1918, at the end of World War 1. Czechoslovakia
encompassed the historic lands of Bohemia, Moravia (these together make up
present Czechia, whose politically correct name is the Czech Republic), Slovakia
(then Upper Hungary) and a small portion of the Ukraine, called Sub-Carpathian
Ruthenia (about 10 % of the Czechoslovak area). While Czechia was a strongly
industrialized region already back in the Austro-Hungarian Empire, Slovakia was
mainly characterized by extensive agricultural production and industry represented
a very small proportion of its economy.

Major changes in nature-society interactions occurred on the territory of Czechia
in the second half of the 19th century, after the onset of the Industrial Revolution
(1830), which brought the processes of industrialisation followed by urbanization
and demographic growth. In the agricultural landscape these changes have mainly
been driven by the impacts of the Agricultural Revolution. During the second
half of the 19th century entirely new industrial, demographic, and transportation
systems came into existence along with the creation of industrial regions and the 1
so-called production-agricultural regions (Bicik et. al, 2001).

Czechia was the most industrialised part of the Habsburg monarchy (Austro-
Hungary Empire), composed, from 1867, of the territories of present-day Austria,
Czechia, Galicia, Slovenia, and Istria (altogether the so-called Cis-Leitania), and
its eastern part, Trans-Leitania, was composed of present-day Hungary, Slovakia,
Croatia, and Transylvania (the northern part of Romania). The share of Czechia’s
production compared to the total production of Cis-Leitania in 1913 was as follows:
hard coal 86.7 %, brown coal 84 %, sugar beet 95.3 %. In 1900, some 60.7 % of
all steam engines used in the industries of Cis-Leitania were on Czechia’s territory; a
in 1913 this share was 59.3 %. Czechia covered only 26.4 % of Cis-Leitania, but i
contained 38.5 % of its arable land and 35.5 % of the population (Prehled).

In the interwar period, Czechoslovakia became the most prosperous and
politically stable and the only fully democratic country in Eastern Europe. But it
faced a deep economic disparity between Czechia and Slovakia, deepened on the
national market, reduced in comparison with pre-1918, by a serious economic
crisis of the 1930s, and, last but not least, serious problems with the numerous
minority of Czechoslovak Germans (about one fourth of the total population),
who settled mainly in the borderlands. The process of industrial restructuring
from the formerly dominant light to heavy industries began, along with increased
coal extraction.

Czechia was occupied by Nazi Germany in 1939-1945, Slovakia became an
“independent” state under the German rule.

Dramatic societal and economic changes took place after the Second World
War, during the Communist period (1948-1989) and under Soviet domination.
The processes of nationalisation and industrialisation led to an enormous increase
in the exploitation of natural resources (Jelecek, 1995).
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The Velvet Revolution in 1989 brought further dramatic changes. The
transformation from a centrally planed economy to capitalism caused the collapse
of Eastern markets and heavy industries, and a restructuring of agriculture. In
1993 Czechoslovakia divided into Czechia and Slovakia.

CONCLUSIONS
MEFA

Please note that for the war period is was not possible to obtain serious data, the
data gap resulting in figures quoted as empty spaces.

The intensification of agriculture, together with the fact that Czechoslovakia
was historically an economy strongly focused on extraction of coal and heavy
industries, has also resulted in the presented flows of biomass and fossils. Figure
| shows the domestic material input (DMI) and domestic material consumption
of biomass (DMC), and the domestic energy input (DEI) and domestic energy
consumption (DEI) of fossils in absolute values and also expressed in per capita
values. Both escalated during the 1970s and 1980s. While biomass extraction
retained the pre-war volume in the 1960s, the fossils rose in an unprecedented
way. Both fell dramatically after the Velvet Revolution in 1989 with the collapse
of the Eastern markets and the heavy industries and the restructuring of agriculture.
The time series unfortunately do not allow us to interpret what happened after the
slowing down of this decrease as a longer time line is needed. However, these
material and energy flows seem to have risen again.

The DMC of biomass grew from 43 Mt in 1920 to 73 Mtin 1925, then started
decreasing slowly over the next ten years, and dropped before the Second World
War with the economic crisis. The same volume as was the highest rate in the pre
War period occurred after war in the 1960s, growing from about 65 Mt to over 85
M. It should be mentioned here that imports also played a key role in this growth.
The negative trade balance (net imports) of biomass amounted to between 20
and30 Mt (1-2 t/cap.) in the 1960s to 1970s. After a climax in the 1970s and early
1980s (up to 90 Mt) the growing trend reversed. After a stagnation in the 1980s
came a rapid decrease after the Velvet Revolution in 1989 to a level between 50
and 60 Mt. In the last studied years, the DMC of biomass seems to have increased
again. In per capita values the DMC of biomass grew from 3.3in 1920 to 5.1 t/
cap. in 1927, then dropped, and grew after the war up to 6.2 Ucap in 1968. During
the end of the 1980s it fluctuated around 5.5 t/cap. and then fell to 3,.8 and 3.4 /
cap. in 2001 and 2002, respectively.

The DE of biomass grew from 44 Mt in 1920 to 67 Mt in 1925. Then the DE
of biomass dropped to 61 Mt in 1936. After the war the DE began to grow again
and retained the pre-war volume in the 1960s (58 Mt in 1968). Then it fluctuated
around 60 Mt (60 Mt in 1980, 65 Mt in 1985 and 60 Mt in 1990). After 1989 a
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steep decline started to 49 Mt in 1995 and 43 Mt in 2000. In 2001 and 2002 it
was 47 Mt.

DMl and DMC ofbiomass DMI and DMC of biomass per capita
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Fig. 1 Direct material input, direct material consumption, domestic extraction of
biomass, direct energy input of fossils and domestic energy consumption of fossils
for the territory of Czechoslovakia (after the division for Czechia plus Slovakia). The
direct material input (DMI) of biomass is calculated as imports plus domestic
extraction. Domestic extraction is broken down into the main categories of
agriculturally produced biomass (biomass for food and fodder) and biomass from
forests (timber). Domestic material consumption (DMC) of biomass is defined as
biomass DMI minus biomass exports. Direct energy input of fossils (DEI) is defined
in the same way as DMI as imports plus domestic extraction of fossils. Domestic
energy consumption of fossils (DEC) is defined as DEI of fossils minus exports of
fossils.
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The DE per capita followed a trend comparable with that of the DMC. After
an increase between 1920 and 1925 (3.4 and 5 t/cap. respectively) came a decline
in the pre-war years to 4.2 t/cap. in 1936. After the war it grew up to 4 t/cap. in
1968 and kept a more or less steady level until the 1980s (4 t/cap. in 1973,3.9 t/
cap. in 1980, and 4.2 t/cap. in 1985). From 3.8 t/cap. in 1990 the DE decreases to
3.1 t/cap. in 1995 and 2.8 t/cap. in 2000. The following two years it rested on the
level of 3 t/cap.

The DMC of fossils grew from 1920 to 1980 more than six times: from 579 to
3690 PJ. After the Velvet Revolution the DMC of fossils dropped to 2665 PJ in
2000. In per capita values it rose from 45 to 241 GJ/cap. After the Revolution it
dropped to 170 Gl/cap.

The DMI of both biomass and fossils developed similarly to the DMC: one
percent above it over the entire period, except for the last ten years, when the
DMI has been growing while the DMC has been decreasing.

Ecological Footprint

In general, please note that the results for the years between 1936 and 1950 should
be left out of consideration. These data are interpolations between the last point
of time before the Second World War (1936) and the first point of time after the
Second World War (1950), for which there are no consistent data. In the beginning
we can comment on the footprint result as a confirmation of what was already
said for the case of MEFA: a strong emphasis on fossils during the monitored
time period and an increase in the use of biomass (DE as well as imports).

Fig. 2 shows the results of our footprint calculations.

In the left-hand column the EF is expressed in absolute values (km2), the
right-hand column represents the local biocapacity (km2). For comparison:
Czechoslovakia’s total area was about 127900 km2 (before the division in 1991;
0.8 ha/cap.); the potential biologically productive area was about 122311 km2 ,
0.7 ha/cap. in 1991; compared to the area of 1 ha/cap. and biocapacity of 0.99 ha/
cap. in 1926.

The three methods lead to dramatically different results: the method GY95
yields an EF of 139780 km2 in 1926, raising to 185089 km2 in 1950, more than
tripling afterwards to 608476 km2 in 1985, when it culminated. The decline in
the EF before the Second World War reflects the effects of the economic crisis.
The increase in the footprint area after the Second World War reflects the rising
level of biomass and mainly coal consumption. If we take into account population
growth by calculating a per capita footprint, we get an increase from 1 to 2.7 ha/
cap. The method GYvar leads to an EF doubled between 1926 and 2000 with its
maximum point again in 1985. In 1926, in 1985, and in 2000 the footprint was
297719: 812283: and 598734 km2, respectively). Czechoslovakia’s (and after
1993 Czechia’s plus Slovakia’s) population grew from 13.6 to 15.7 million over
the same period and the per capita footprint rose from 2.2 to 3.8 ha/cap with its
maximum point again in 1985 at 5.2 ha/cap.
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In the absolute figures of the method LYvar, Czechoslovakia’s EF grew from
253103 in 1926 to 780732 km2 in 1985, dropping to 555167 in 2000. The per
capita footprint rose from 1.9 in 1926 to 5 ha/cap. in 1985, and dropped to 3.5
ha/cap. in 2000. A comparison of the ecological footprint and biocapacity

is in Tablel.

Ecological footprint

Method 1: Global Yield 95 (G Y95)

Biocapacity
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Fig. 2 The ecological footprint and local biocapacity of the territory
of Czehoslovakia (after the divide into Czechia, these two countries have been
added up.)
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Ecological footprint Biocapacity

Per capita values

Method 1: Global Yield 95 (GY45) Biocapacity (BC GY95)

0.7
0.6
0.5
04
03
0.2
0.1

0
1926 1936 1961 1970 1980 1988 1995

halcap.
halcap

1926 1936 1961 1970 1980 1988 1995

Method 2: Global Yield Variable (GYv) Biocapacity (BC GYvar)

6.00
5,00
4,00

3,00

halcap.
hakap.

2,00

1,00

0,00
1926 1936 1961 1970 1980 1988 1995

1926 1936 1961 1970 1980 1988 1895

Method 3:Variable Local Yield (LYv) Biocapacity (BC LYvar)

halcap.

1995

1936 1961 1970 1980 1988 1995 1926 1936 1961 1970 1980 1988
IIAGRICULTURAL.".FOREST OBUILT-UP ]

1926

ECROPLAND mFOREST CBUILT-UP mIFOSSILS

Fig. 3 The ecological footprint and local biocapacity of the
territory of Czehoslovakia (after the divide into Czechia, and Slovakia, these
two countries have been added up.) Per capita values.
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Table 1 Comparison of the ecological footprint and biocapacity of Czechoslovakia
(Czechia + Slovakia after the division of 1993), 1926-2000.

Method 1 GY95 1926 1950 1985 1990 2000
Footprint km2 139780 185089 608476 553789 417198
Biocapacity km2 113011 64192 85933 99855 74479
Footprint ha/cap. 1.0 1 e5) 3.9 35 AT
Biocapacity ha/cap. 0.8 0.5 0.6 0.6 0.5
Method 2 GYvar

Footprint km2 297719 336448 812283 736168 598734
Biocapacity km2:5161869 w8 3712() #1251 122311 104666

Footprint ha/cap. 22 257 59 4.7 3.8
Biocapacity ha/cap. 122 1.1 0.7 0.8 0.7
Method 3 LYvar

Footprint km2 253103 298130 780732 723061 555167
Biocapacity km2 134889 123730 113682 113709 113085
Footprint ha/cap. 1.9 24 5.0 4.6 35
Biocapacity ha/cap. 1.0 1.0 ()57 0.7 0.7

All three methods lead to the conclusion that Czechoslovakia’s EF was larger
than the locally available BC for practically all the points of time. The ‘overshoot’
over the local BC was roughly about constant for all the methods. The strong
dependency of the Czechoslovak economy on coal resulted in a large energy
footprint, which constitutes more than half of the total footprint. During the studied
time period the energy footprint grew from about 40% up to over 80% in all the
methods. With respect to material flows, the maximum footprint occurred in
the 1980s.

POLICY IMPLICATIONS OF THE CONCEPTS OF MEFA AND
THE ECOLOGICAL FOOTPRINT

From the above conclusions as well as those of others (e.g. ETC-WME, 2003), it
is clear that the current resource use is mostly unsustainable. The time series
approaches allow us to track a very important characteristic - the trend, i.e. not
only the obvious crossing of limits expressed as ecologically productive land in
the ecological footprint method, but the trend of material use, which could serve
as a base for policy making using the precautionary principle.

Natural resources and waste sinks are the basis on which our societies depend.
The Sixth Community Environment Action Programme (6EAP) states that “there
is a limited capacity of the planet to meet the increasing demand for resources
and to absorb the emissions and waste resulting from their use and there is evidence
that the existing demand exceeds the carrying capacity of the environment in
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several cases” (EU, 2002). An estimate of materials and waste streams in the
Community, including imports and exports for example by using the instrument
of material flow accounting is one of priorities of 6EAP. This Programme also
requires seven thematic strategies, among them also a strategy on the sustainable
use and management of natural resources.

The EU Thematic Strategy on the Sustainable Use of Natural Resources issued
in the end of 2005 builds on several relevant background studies. The background
“Zero Study” (ETC-WME, 2003), carried out by the European Topic Centre on
Waste and Material Flows, presents European material flows and provides a
number of recommendations and conclusions. One of them is: "it is scientifically
not possible to assess which environmental impacts of resource use are of prior
importance, nor to determine the various specific impacts of major resource flows
which are or may become especially relevant in the short or long term; therefore,
priority setting for policy measures will require political judgement” (ETC-WMF,
2003), and the "volume and composition of the resource requirements will have
to change if the various environmental implications of resource use, material
throughput and physical growth are to be diminished, and the supply not only of
energy but also of materials is to be provided on a more renewable basis;...there
is a continuously growing risk associated with the physical growth and expansion
of the technosphere,...which will affect future waste generation and the capacity
for renewable supply and resource regeneration”. One of the recommendations
says, "In parallel to the improvement of the information bases and the better
understanding of the problem, the processes of formulating objectives and setting
quantitative targets could be started," (ETC-WME, 2003).

But in the case of the final EU Thematic Strategy on the Sustainable Use of
Natural Resources the goals and targets required by the 6EAP are missing. In the
strategy, we can only find a rather general objective: "to reduce the negative
environmental impacts generated by the use of natural resources in a growing
economy - a concept referred to as decoupling.” The Resource Strategy is not in
compliance with the GEAP requirements: it lacks the goals and targets for resource
productivity and the diminished use of resources. Given the well-known dramatic
threats to the climate system, ecosystems and productive capacity caused by
unsustainable resource use worldwide, the lack of ambition and targets is very
disappointing (EEB, 2006).

Since scientific research ends with publishing the results and does not go any
further, and, as has been already quoted, "a solely science-based target setting
seems unrealistic" (ETC-WMF, 2003), solutions in reality depend mainly on
political will. What still seems weak and undervalued is the popularization of
scientific findings using MEFA tools.

On the other hand, with its attractiveness the ecological footprint can stimulate
wide public debate on the related issues and initiate interests and public
participation although its political and scientific acceptance is not as strong as
that of MEFA tools. Solving problems of sustainable resource use as well as
other topics related to sustainability are highly complex and multi-scale processes
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in which not only scientific knowledge and political debate are sufficient. The
public acceptation of possible solutions and pressure on politicians seems to play
one of the key roles in this process.
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Ecological footprint in the organic farming system

Ekologicka stopa v systému ekologického zemédélstvi
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Abstract: This text aims to introduce the results of the ecological footprint (EF) calculations in the system of organic ag-
riculture (OA). The EF is an alternative indicator of the human activity impact on the environment. It is not calculated in
monetary units but in hectares as an area needed for resourcing certain production or activity. OA is an agricultural system
which respects natural cycles in ecosystems. It is based on old traditions and nowadays, with regard to environmental de-
gradation, comes again forward. The text contains as well the results of some other researches studying mainly energy con-
sumption in agriculture, which is further converted into the EF. The results, however, need to be compared very carefully,
since the procedures of calculations as well as the organic farming rules in various countries or particular farms conditions
and quality of input data of the mentioned studies may significantly differ. The authors cite them mainly because of illustra-

Live reasons.

Key words: ecological footprint (EF), organic agriculture (OA), ecologically (biologically) productive area, energy con-

sumption

Abstrakt: Tento text md za tkol predstavit vysledky propocth ekologické stopy v systému ekologického zemédélstvi.
Ekologicka stopa je alternativnim indikitorem vlivu lidské cinnosti na zivotni prostredi, ktery neni vyjidien ekonomicky,
ale prostorové. Ekologicke zemeédélstvi je systém hospodateni s dirazem na pfirozené kolobéhy v piirodé, ktery stavi na
staletych tradicich a nyni se v souvislosti s poskozovanim zivotniho prostiedi dostiva opét ke slovu. Text obsahuje i vy-
sledky dalsich studii zabyvajicich se pievaine zkoumanim spotieby energie v zemedélstvi, coz je nasledné piepocteno na
ekologickou stopu, Vysledky jednotlivych studii je vak potiebné porovnavat mezi sebou velmi opatrné, nebot jak metodiky
vypocéti, tak zasady ekologického hospodateni v riznych zemich, tak i podminky konkrétnich farem, na kterych byly studie
providény, se mohou zdsadné lisit. Autorky je zde uvadéji z divoda spise ilustrativnich.

Kli¢ova slova: ekologicka stopa, ekologické zemédélstvi, ekologicky (biologicky) produktivni plocha, spotieba energie

Ecological footprint

The Ecological Footprint (EF) is an indicator of
sustainable development, which shows the size of the
biologically productive area necessary for resourcing
the current consumption patterns when using common
technologies. Many EF assumptions have been made
on the global, national and regional level usually on
the basis of international statistical data.

The EF is a tool used to determine an area needed
for life necessaries ensuring in the form of certain
time unit consumption (usually 1 year). Further, it is
compared with an ecologically productive area which
is available. Usually a difference appears; when the
area used is larger that the area available — then the
situation is called the ecological deficit or a gap of
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sustainable development. It is expressed as an extra
amount of resources and services explored from
nature which in the long term perspective causes
environmental degradation and therefore such way
of management is unsustainable.

One of the significant features of the current world is
the fact that an individual or a nation influences with
its requirements not only its own place but thanks
to international trade appropriates as well remote
resources. Human activity impact on ecosphere is
shattered and the consequences in the form of natural
capital destruction are often hidden. The conscious-
ness of human dependency on nature is disappear-
ing. The EF analysis summarizes the people’s needs
of productive area on the whole planet and gives it
into one single number expressed in comprehensible
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units, mostly hectares. It makes the human - nature
relations transparent even for the wide public, who
plays an important role in the present protection of
nature.

The method of the EF was outlined in 1990s in the
British Columbia University in Canada by Mathis
Wackernagel and William Rees. Their key book "Our
Ecological Footprint” subtitled “Reducing Human
Impact on the Earth” was published in 1996 and soon
became very popular. The authors were followed by
many other scientists, who have tried to improve and
develop the method.

In this book, the authors charted a basic way of
calculation and listed five consumption categories:
food, accommodation, transport, consumption goods,
services. To each type of consumption, a category of
land use is assigned: energetic land, built-up land,
arable land, pastures and forest. While four of these
categories need not to be explained, the energetic
land is understood as an area of forest able to absorb
CO, emitted by burning fossil fuels, which are the
main source of energy.

When considering the consumption categories,
needed sources and their amount for production
must be found out (for example the amount of corn
for bread production), and the so called "embodied”
energy is calculated, which is necessary for production
and use. The whole life cycle of a product must be
considered: production, transport, usage including
final disposal. For example the EF of a household
contains the area on which the house stands, but
includes among many others as well the energy for
bricks production, the energy for heating and main-
tenance (Wackernagel, Rees 1996).

Calculations made from the national statistics from
1998 say that an average EF of a Czech is 6.7ha/person,
while the available ecological capacity in the country
is 2.4 ha/person. This means the Czech Republic lives
in an ecological deficit and the current consumption
patterns are unsustainable. The rate of the agricultural
EF and agricultural land (together with production
forests) is 114%, however, because of the lack of data
not all inputs are included and the total rate is prob-
ably even higher (Kuskova 2001).

Organic agriculture

The study has calculated the EF in the sector of
organic agriculture (OA) which is a special agricul-
tural system using environmentally friendly ways to
suppress weeds, pests and diseases. It forbids syn-
thetic pesticides and fertilizers, in animal husbandry
it focuses on animal welfare, cares about harmony

504

of the whole agro-ecosystem and its biodiversity and
prefers renewable sources of energy and materials
recycling. It is a very progressive way of farming which
builds on centuries of our ancestors” experience and
respects natural cycles and relations. Therefore, it is
able to produce a high quality food. It responds to
the sustainable agricultural development principles,
which claim the necessity of other than production
function, for example the care for landscape or rural
development.

OA is considered to be an alternative for solving
problems like rural depopulation, decrease of work-
ers in agricultural production and partly as well the
problem of unequal regional development. The or-
ganic farmers voluntarily refuse the ecologically and
health dangerous means of the intensive, chemicalized
agriculture in order to produce the quality food and
fodder, to maintain a long-lasting soil fertility, envi-
ronmental friendly landscape management, to create
new jobs and to maintain rural population.

OA has been a strategy worldwide supported for
the couple of decades. In the Czech Republic, it has
been developing since 1990, the largest increase of the
ecologically managed area came between 1997-2003,
especially because of the reintroduction of the state
support system in 1998 (Urban et al. 2003).

METHODOLOGY
Calculations with real data

An agricultural farm close to Roudnice nad Labem
was chosen to perform the calculations. The farm
lies in the sugar beet production area, in the altitude
of 160 m above the see level, in the river-basin of
Ohfe, in the Dolnooharska plate. The annual average
rainfall is 450 mm, the average temperature is 8°C.
Plant production is influenced by the rain shadow
of the Kruéné hory and the Ceské stredohofi. Every
year the no-rain periods appear in various duration
and influence the farm outcome. Drought comes ir-
regularly during spring, summer and autumn. The
farm works on 70 ha altogether, which lie on strictly
light sandy, naturally fertile loamy as well as on very
heavy clayey soil. A quarter of the area is particularly
problematic, as soon as an extreme weather comes in
the form of drought or too much rain, the outcome is
very much influenced. The outcomes on other areas
are quite stable.

Regarding the importance of the energetic part of
the EF indicator, the place and conditions of farming
need to be taken definitely into consideration. They
have a large impact on the fuel consumption. This
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also partly explains the differences in the fuel con-
sumptions which occur in various studies. Some ol
them are mentioned in this text together with listing
of the probable reasons of these differences,

For the EF calculations, it is advisable to choose
one single crop-plant and to calculate the EF per
one hectare of this plant. Then it can be best used
for comparison. For this purpose, it is one hectare
of winter wheat. The total area of the farmed winter
wheat is 12.98 ha. This is important for splitting the
average hectare consumption of common inputs, say
the transport of seed. The question to be answered is
the real area needed for the production of winter wheat
on one hectare of organically managed land.

After the discussion with the farmer, 11 operations
appear to be undertaken on the field during one year.
Fuel consumption according to the technical norms
(1997) was assigned to each operation (MZ CR 1997).
The transport of mechanization to and from field is
excluded (Table 1).

As regards fuel consumption: for the purpose of
the EF, the number 71.37 I/ha needs to be converted
to the area counted in hectares. Why? This area will
be the energetic part of the EF, which in this case is
interpreted as an area of forest needed to absorb CO,,
emitted when burning 71.37 | of fuel. The following
conversion formula is taken from Wackernagel:

Table 1. Field operations and their fuel and labor de-
mand

Fuel Labour
Operation consumption consumption
(1/ha) (h/ha)
1. transport of seed
250 km, 2 600 kg of
seed, average 577 0.55
consumption ol van
15 1/100Kkm, return
run)
2, ploughing 21 1.1
3. harrowing 22 0.3
4. sowing 3.8 0.35
5. rolling after sowing 2.6 0.3
6. harrowing 2.2 0.3
7. harrowing of vegetation 1.6 0.2
8. combine harvesting 12 0.55
9, crushing of straw 25 0.55
10. transport of harvest 2.2 0.55
11. shallow ploughing 15.5 1
Total 71.37 .75
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Table 2. Conversion [actors

11 of fuel 35 M]
1 GJ (EF) 0.01 ha
1 work day 6.5 M]J

... if there is 35 MJ in one liter of fuel (diesel),
then the fuel consumption for one hectare equals
2497.95 MJ, roughly 2.5 GJ. The conversion coefficient
from GJ to hectares is 100 GJ/ha/vear, which means
that one hectare of forest is necessary to absorb CO,
emitted when burning fossil fuels that give the en-
ergy of 100 GJ. To absorb CO, from burning 2.5 GJ,
0.025 ha is needed (250 m?). This is the main part of
the EF energetic part per one hectare of winter wheat
grown in a particular case of organic farming.

To convert human labor to hectares is even more
debatable. Here the base is in the work of Fluck (1992,
cited in Krausmann 2004), where 6.5 M]J is an as-
sumed output for one working day. For our particular
case, there are 5.75 hours for a hectare (according to
the technical norms from 1997). This number is in
the whole calculation neglectable (0.65 m?), so it is
omitted (Table 2).

To follow the procedure of the EF, an area of for-
est for needed wood should be included, but this is
irrelevant in this case. The built-up area, in this case
it is negligible as well since there is a farmer's house
and some farm buildings but in the context of the
whole farmed area it is insignificant. [t might have
its role in the case of growing herbs where the total
growing area is much smaller than when growing
crops or grazing cattle.

And to the total summary, we need to count
the area where the crop is grown, which is one
hectare.

The result is therefore as follows — the EF of growing
one hectare of winter wheat in the system of organic
farming on the given place is 1.025 ha.

COMPARISONS

To be able to interprete this number and to grasp
it in some way, there are couple of other studies
listed here. One is concerned with fuel consumption
in Czech agriculture, the next one compares inputs
into the conventional and organic farming in the
conditions of south German mountains and the last
one compares inputs into the same types of agricul-
ture, however, there are not given any detailed data
about the studied places or soil fertility. The given
energetic inputs are converted by the same way as
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above. Another important notion is that while the
above mentioned calculation regards one hectare of
a concrete crop, the other studies inform about the
average energy consumption on a hectare.

1. Energy demand of agricultural production
in the Czech Republic (Pastorek, Syrovy 2001)

Fuel and energy consumption is not monitored in
Czech agriculture as a whole, though it would not be a
problem with the current technical and technological
equipment of agricultural firms. It is really surprising
that the state does not have an interest in monitor-
ing these costs, from the very reason that the fuel
consumption is partly subsidized by the state.

The authors of this study followed among other the
consumption of fuel (diesel). Here it is important to
realize that fuel consumption of mechanization is not
the only energetic input into agriculture, especially
in the conventional type of farming, so any possible
comparison with the above calculation is rough. The
total consumption was 560 400 thousand litres (2000).
Divided by 3 062 009 ha of agricultural land in the
Czech Republic it equals in average 183 [/ha. This
means 0.064 ha of energetic area for one hectare of
agricultural land. This consumption includes, how-
ever, service firms and non-agricultural activities of
the farms. The consumption of agricultural primary
production firms goes up to 503 031 thousand litres,
in average 164 /ha. In the EF language it equates
0.0574 ha of the energetic area.

For a rough comparison with the above mentioned
case, it is best to calculate the EF energetic part per
one average hectare of arable land. There the average
consumption is 118 [/ha, which corresponds with
0.0413 ha of the EF energetic part.

The EF of an average hectare of arable land in the
Czech Republic is 1.0413 ha. This number is under-
estimated since the fuel consumption is a part of all
energy inputs into agriculture.

2. LCA analysis

The next study comes from a collection of the LCA
analyses gathered by the BIO Intelligence Service,
which have a general title “External Environmental
effects related to the life cycle of products and services”
and they are possible to access on the official web
pages of the EUL The Life Cycle Assessment (LCA) is
a review of the material and energetic flows coming
and leaving all phases of a product’s or a service’s life
in the form of input and output. It is a very significant
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informational tool of ecological policy, which in fact
illustrate the impact of a product (service) onto the
whole society. Of course the method is not perfect.
For example, there might be a problem when setting
the borders of gathering the data, otherwise it would
be impossible to reach any result. These borders are
on the consideration of the researcher and he/she can
decide not to include something what another person
might consider important. For example, transport is
often excluded from calculations.

Let us go back to the particular study. Here the
authors compare the intensive (conventional), inte-
grated and organic agriculture. For us, the first and
third type is relevant. The unit for comparing is the
amount of wheat containing 1 000 kg of protein, which
in both types of agriculture means roughly 8 333 kg
of wheat (12% of protein). The study includes only
the phase of “production” and processing of corn, it
does not go any further.

Intensive farming is a system with high inputs in the
conditions of Great Britain — the intensive production
system on large scales of arable land without animal
husbandry, typical for East England, high inputs in
form of fertilizers and plant protection agents. The
usual yield is 8 t/ha.

Ovrganic farming is a system with low inputs, ac-
cording to the Swiss experience. Instead of artificial
agents, manure is used together with mechanical or
manual weed control. To reach 12% protein content,
various types of wheat are grown. The usual yield
is 4 t/ha.

The main features of these two production systems
are listed in Table 3 (data for one hectare and vear).

Note a higher amount of labour than there is in our
caleulation. It might be caused by harder conditions
of the mountainous Switzerland or the administration
may be included.

What are these results from the EF point of view?
Energy consumption comes to 30 900 MJ for the
intensively grown hectare of wheat, respectively
13 371 M] for a hectare of organically grown wheat.
These numbers seem Lo include not just the direct
fuel consumption but also other energy, perhaps
mainly originating in fertilizers and others chemicals
production. After transferring the table number to
J/ha, we get 4.4 G]. The EF from this case is better
to compare within these two mentioned types rather
than with the above mentioned EF for Czech organic
farmer since it is not certain that the content of given
energy consumption fully corresponds with the cal-
culation made on the Czech farm.

According to the given conversion coefficient
(100 GJ/ha/year), the energetic part of the intensive
farming EF results in 0.309 ha and for the organic
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Table 3. Comparison of intensive and organic agriculture (data for 1 ha and 1 year)

Intensive agriculture Organic agriculture

Fertilizers: N (kg) 240 86
P (kg) 26 24
K (kg 50 215
Number of active ingredients 115 0
Labour (hours) 15.6 31.5
Mechanization work (hours) 12.6 21.7

Fuel consumption (1)

Yield (t)

—
b
w
S
-
[ %)
= w0
o

farming 0.134 ha. Let us omit again the energy of hu-
man labour and the built-up area of the farms (that
we do not know anyway) as well as the “forest” part
ol the EE, which is irrelevant.

The EF of one hectare of wheat growing in the
intensive agricultural system described in this study
results in 1.309 ha, while in the organic farming
system 1.134 ha.

A reader might be as well interested in other results
of this study, where the given systems were compared
not just from the point of view of energy consumption
but as well CD2 emissions, which means the impact
on the greenhouse effect. Intensive agriculture is
said to emit 4 400 kg CO,/ha, organic agriculture
1 060 kg CO,/ha. This difference confirms that the
authors count more sources of CO, than the fuel
consumption of field mechanization.

The whole study, however, aims at the calcula-
tions of total external costs caused by various types
of agriculture. Intensive farming then causes total
externalities of 100-310 EUR and organic agricul-
ture 68—334 EUR. The results stay neutral, they do
not claim explicitly that any of the studied type of
agriculture is better or worse.

For a more detailed information please refer the
web page cited at the end of this text.

3. South German LCA analysis (Haas et al. 2005)

The LCA analyses intensive, extensive and organic
farming on 18 chosen farms. The researches com-
pare energy consumption, the potential of global
warming (CO, emissions), acidification (SO, emis-
sions) and eutrophication (PO, emissions). Other
analyzed categories, as for example biodiversity or
landscape changes seem to be kind of independent
on the farming type.
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The research was undertaken on South-West of
Bavarian region of Allgau. It already belongs to the
hilly sub-alpine landscape, which is an important
fact for comparing the results. For example the fuel
consumption depends very much on the natural con-
ditions of the place. Here it is also a recreational
area. There are usually small agricultural firms in
average with 20 hectares, 23 cows, who annually give
6 060 kg of milk.

For the EF energetic part calculation, the energy
consumption per one hectare is the most important
entry. The authors summed the following data: the
direct use of lossil fuels (lield mechanization [uel),
the indirect use of fossil fuels (chemicals and fertiliz-
ers production, ...), the electricity or gas (hay drying)
and the bought fodder.

Belore presentation of the results, please note again
some differences from the first case. Once more it is
more appropriate to compare the results within this
one study rather than with other studies, unless it is
certain that the method and input data have the same
content. In this case, the [arms lie in the mountains
which mean other conditions, they are focused on
dairy production so the EF transferred from the given
energy consumption will not be an EF of one hectare
of wheat but the EF of the average hectare on a farm
with animal husbandry. In the calculation, the “for-
est” part, manual labor and built-up area are again
omitted. The main part of the EF is again the given
hectare — this time dedicated for animal production
- and the energy consumption for its maintaining
(including the maintenance of the cows grazing on
this hectare).

Energy consumption on intensive farms is 19.1 GJ]
per ha, the highest part of this consumption falls on
hay drying and fuel. The energetic part of the EF is
therefore 0.191 ha. Alternatively the consumption
may be calculated per one tone of produced milk,
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Table 4. The comparison of the results of various studies

Energy land (ha)/

agricultural land (ha) EF (ha)

Organic winter wheat 0.025 1.025
Pastorek and Syrovy Study

an average Czech agricultural hectare 0.064 1.064

primary production per hectare of Czech agriculture 0.057 1.057

an average hectare of arable land 0.041 1.041
The BIO Inteligence Study

Intensive agriculture 0.309 1.309

Organic agriculture 0.134 1134
The Allgau Study

Intensive pastures 0.191 1.191

Alternative pastures 0.059 1.059

Table 5. Comparison of CO, emissions of intensive and organic agriculture

CO, emissions (t CO, eq./ha)

intensive agriculture organic agriculture

The BIO Inteligence Study 4.4 1.06
The Allgau Study 9.4 6.3
which gives 2.7 GJ/t on intensive farms. For organic  CONCLUSION

agriculture, the energy consumption results in 5.9 GJ
per ha, respectively 1.2 GJ/t.

The EF of the intensively farmed area in the given
conditions results in 1.191 ha/ha while the organic
farms stump just on 1.059 ha/ha.

Another German study by Haas et al. (1995) states
the energy consumption of conventional farms 19.4 GJ
per ha and 6.8 GJ/ha of organic farms. A study of
Swedish dairy farms shows energy consumption
2.85 GJ/t at the conventional farms and 2.4 GJ/t at
the organic farms, which is twice as much as in Allgau.
A different calculation may be an explanation.

Just for the interest of the reader, there is a com-
parison of the emitted greenhouse gases in the Allgau
study and the study in point 2. These figures are quite
different — the intensive Allgau agriculture emits
in average 9.4 tonnes CO, eq./ha, organic farming
6.3 tones CO, eq./ha, while at the previous study it
was 4.4 t CO, eq./ha, respectively 1.06 t CO, eq./ha.
It is not evident how to interprete this (lil‘I‘erence.
let us suppose it was a different procedure of cal-
culation.

See Table 4 and 5 for comparison.
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As we see from the previous text, organic farming
is in most cases a more environmental friendly way
ol agriculture, though the chosen indicator of eco-
logical footprint is not the best one to confirm fully
this hypothesis. There are other aspects in which the
organic farming relates more to sustainable devel-
opment than intensive farming, as for example the
care for soil fertility or better conditions for wildlife.
Most of the advantages of organic farming cannot
in fact to be illustrated by the ecological footprint.
Still, even if we are limited to energy consumption,
we can see the difference which is mainly caused by
the omittance of artificial substances.
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Social metabolism within the Czechoslovak territory from

a historical perspective — energy flows analysis

Petra Kuikova

Abstract

This study is based on concepts of social metabolism and on methods of material and energy flow analysis
(in this case we focus on energy flows which are material flows converted into energy units). The work is
based on an existing database compiled by the author of this paper in cooperation with IFF Social Ecology
in Vienna. The data bave been collected and organized with respect to the development of land use and
socio-economic material flows: domestic extraction, imports and exports of biomass and fossil fuels; and
socio-economic parameters: gross domestic product (GDP) and population. The database has been
compiled for the territory of the former Czechoslovak Republic from its very beginning (1918) to 1989
and after the Velvet Revolution in 1989 for Czechia plus Slovakia.

The present Czechia and Slovakia (Czechoslovakia before 1993) are successor countries of the Austrian-
Hungarian Empire, which included, between 1867 and 1918, present-day Austria, Czechia, Slovakia,
Slovenia, Hungary and Croatia (and also parts of present-day Poland, Italy and Romania). The
Czechoslovak Republic, as the most industrialized part of the Empire, bad a precondition to be a country
with a high volume of material flows from its very beginning. Moreover, the post-war period (WWII) was
largely characterized by a further development of beavy industry, coal extraction and massive
intensification of agriculture. This resulted in volumes of energy (and material) flows of both biomass and
fossil fuels, on which our work mainly focuses.

Several energy flows (EFA) indicators, such as DEC (domestic energy consumption) of fossil fuels and
biomass, will be presented in relation to land use and its structural changes, population and GDP.

Keywords: material and energy flow analysis (MEFA), MFA-indicators, domestic energy
consumption, domestic extraction, domestic energy input, domestic energy consumption,
social merabolism, environmental history, land use change.

Introduction

There has been a growing interest among scientists in studying society-nature interactions in
the last two decades. Many analyses have been carried ourt from a historical perspective to
better understand the present state and possible future trends of the above mentioned
sociery-nature interactions.

Interactions between human activities and natural processes have complex characreristics:
human economy extracts materials from the earch and emits back its wastes. The economic
system functions in an analogy to a living organism and those processes are called “industrial
metabolism” (Ayres & Simonis 1994). The term “social metabolism” is also used (see for
example Fischer-Kowalski & Weisz 1999).

This paper deals with the society-nature interactions within the territory of Czechoslovakia
from 1920 to 1990. After the division of Czechoslovakia into Czechia and Slovakia, values are
summed up for these two successor countries (1995-2003).

The work uses the concepr of social metabolism - namely energy flow accounting (EFA)
because it allows us to quantify society-nature relations and also to compare and analyse e.g.
biomass flows and fossils fuels in one unit of measurement (Joules). This way we get closer to
assessing the potential environmental impacts of energy flows in future research.
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Social metabolism within the Czechoslovak territory from a historical perspective

Energy flows of biomass and fossil fuels are presented rogether with socioeconomic
indicarors (gross domestic product - GDP and population) and linked o land use, as land is
the main productive resource to sustain economies - all resources for its funcrioning must be
produced by producrive land (or by the area of mines).

Methods and data

Energy Flow Accounting (EFA)

Energy Flow Accounting (or Analysis) (EFA) and indicarors derived from it are supplemented
to MFA (Material Flow Accounting/Analysis); both quantify marerials and energy entering
and leaving a socio-economic system. The main differences are units of expression of resulrs:
weight units (tones) in case of MFA and energy units (Joules) in case of EFA. In compliance
with che firsc law of thermodynamics (conservacion of energy/marrter), MEFA (Marterial and
Energy Flow Analysis) establishes balance sheets of physical flows: inputs, outputs and
material accumulation of socio-economic systems (Eurostat 2001). MEFA methodology
allows for both time series analysis and cross-country comparison (e.g. Eurostat 2002).

The main indicators derived from MEFA are domestic material/energy consumprtion
(DMC/DEC) and direct marerial/energy inpur (DMI/DEI), the physical trade balance (PTB),
domestic processed ourpurs (DPO) and ner addition ro stocks (NAS) (Krausmann et al. 2004).
Standard Marerial Flow Accounrting (MFA) aggregates marerial flows in rones and Energy
Flow Accounrting (EFA) converrs these flows into energy, namely into gross calorific values of
all items included. Material given in mass was converted into energy units applying the
specific energy contents (gross calorific value) of the respective material (Haberl 1995). All
METFA data can be disaggregated with respect to physical characteristics: fossil fuels, biomass,
fertilizers, etc. (Krausmann et al. 2004). For the purpose of this analysis, I have chosen the
energy flow indicators of biomass and fossil fuels, namely domesric energy consumprion
(DEC), direct energy input (DEI) of biomass and fossil fuels, energy trade balance and
supplemented them by population, GDP, yields and livestock units. All indicarors are
expressed in energy units: Joules (G] - gigajoules, P] - perajoules). The formulas for
calculation of indicarors are shown in the Table 1.

Indicator Definition

Domestic extraction (DE) Harvest, mining from the studied area
Domestic energy input (DEI) DEl = DE + Import

Domestic energy consumption (DEC) DEC = DE + Import - Export

Net trade Net trade = Import - Export

Tab. 1 Main indicarors of sacial merabolism and formulas of calculations. The unit of measurement is
the Joule.

Data

This paper builds on the darabase on social energy merabolism which has been compiled
from a number of different types of dara sources. The most important sources of primary
dara were official publicarions by the narional scaristical offices of the respective states, for
example annual publications of the respecrive sratistical offices (Czechoslovak Sraciscical
Office 1920-1939 and 1949-1968; Czechoslovak Federal Statistical Office 1969-1992; Czech
and Slovak Sraristical Offices since 1993). Sratistics has a long tradition in Czechoslovakia
and the Czech and Slovak Republics. After the downfall of the Austro-Hungarian Empire, che
newly formed Czechoslovak Republic basically continued the elaborate and detailed system
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of collection and publication of staristical dara which was established by the “Central
Statistical Commission” of the former empire. The system of reporting continued in its basic
structure throughout the 20™ century and has been taken over by the Czech and Slovak
Stacistical Offices after 1993 (see Table 2).

The international statistical sources are Faostat and the International Energy Agency (IEA).
Please note that it was not possible to obrain reliable data for the war period, the dara gap
resulting in figures is quoted as empty spaces.

Period Data Sources

1920-1992  Land Use 1920-1932: Statni ufad statisticky v Praze (ed.) 1920-1932
Harvest 1932-1938: Starni tfad statisticky v Praze (ed.) 1934-1938
Live Stock 1920-1983: Federalnf statisticky tfad (ed.) 1985

Population 1950-1990: Federalni statisticky ufad (ed.) 1958-1989
1990-1992: Federalni statisticky tfad (ed.) 1990-1992

Fossil Fuels 1920-1932: Starni ufad statisticky v Praze (ed.) 1920-1932
Production 1932-1938: Statni ufad statisticky v Praze (ed.) 1934-1938
Foreign Trade 1920-1983: Federalni statisticky ufad (ed.) 1985
1950-1990: Federalni statisticky vfad (ed.) 1958-1989
1990-1992: Federalni statisticky tfad (ed.) 1990-1992
1961-1992: Data from International Energy Agency and Food
and Agricultural Organization.

1993-2000  Land Use 1994-2002: Statistical Yearbooks of the Czech and Slovak
Harvest Republics
Live Stock 1993-2002: Statisticky trad Slovenskej republiky (ed.) 2003
Population 1993-2002: Ministry of the Environment of the Czech Republic
Fossil Fuel (ed.) 2000

Production 1993-2002: Data from International Energy Agency and Food
Foreign Trade and Agricultural Organization and UN Energy statistics

Tab. 2 Data sources

The case of Czechoslovakia

The role of Czechia and Slovakia in the Austro-Hungarian Monarchy

Czechoslovakia was formed from several lands of the dismembered Austro-Hungarian
Empire in 1918, at the end of WWI. Czechoslovakia basically encompassed the historic lands
of Bohemia, Moravia and parts of Silesia (these together make up present-day Czechia, the
politically correct name of which is the Czech Republic), Slovakia (then called Upper
Hungary) and a small part of present-day Ukraine, called Sub-Carpathian Ruthenia (about 10
% of the Czechoslovak territory in 1918-1938). While Czechia was a strongly industrialized
region already in the tmes of the Austro-Hungarian Empire, Slovakia was mainly
characterized by extensive agricultural production and by a very small share of industry in its
economy.

Major changes in nature-society interactions occurred in the territory of Czechia after the
onset of the Industrial Revolution (1830). The second half of the 19* century brought about
industrialisation followed by urbanization and demographic growth. Changes in the
agricultural landscape were mainly driven by the impacts of the Agricultural Revolution.
During the second half of the 19" century, entirely new industrial, demographic, and
transporration systems came into existence along with the crearion of specialised industrial
and so-called production-agricultural regions (Bic¢ik et al. 2001).
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Czechia was the most industrialised parc of the Habsburg monarchy (Austro-Hungarian
Empire from 1867). The western part of the Empire, Cisleithania, was composed mainly of
the territories of present-day Austria, Czechia, Galicia, Slovenia and Istria and Dalmaria . Its
eastern part, Transleithania, was composed of present-day Hungary, Slovakia, Croatia and
Transylvania (the northern part of Romania) and parts of other regions. There is no space in
this article for a more detailed description. The share of Czechia’s production in the total
producrion of Cisleithania in 1913 was as follows: hard coal 86.7 %, brown coal 84 %, sugar
beer 95.3 %. In 1900, some 60.7 % of all steam engines used in the Cisleithanian industries
were on the Czech rerritory; in 1913 chis share was 59.3 %. Czechia covered only 26.4 % of

Cisleithania, bur it had 38.5 % of its arable land and 35.5 % of its populartion.

Czechoslovakia as a successor state of the Habsburg Monarchy

In the interwar period, Czechoslovakia became the most prosperous, politically stable and
democratic country in Eastern Europe. However, at a national market level it faced a deep
economic disparity between Czechia and Slovakia, though reduced in comparison with the
pre-1918 period, aggravated by a serious economic crisis of the 1930s, and, last but not least,
by serious problems with the numerous minority of Czechoslovak Germans (berween one
fourth and fifth of the roral population), who lived mainly in borderlands. The process of
industrial restructuring from che formerly dominane lighr ro heavy industries began along

with an increased coal extraction (Bicik er al. 2001).

In 1939-1945, Czechia was occupied by Nazi Germany and Slovakia became an
“independent” state under the German rule. Dramatic societal and economic changes took
place after the WWII during the Communist period (1948-1989) and under Soviet
domination. The processes of nationalisation and industrialisation led to an enormous

increase in the exploitation of natural resources (Jelecek 1995a).
The Velver Revolution in 1989
brought  furcher  dramaric
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Population increased slowly, the highest growth occurred in the 1970-1980s (after a sharp
decrease after WWII). An increase of non-agriculrural popularion and a decrease of

agricultural population are both typical for industrialization. While the agricultural
popularion was abour 5 million before WWII, after che war it decreased over the whole period

concerned to 1.2 million in 2002. On the other hand, non-agricultural population increased
from approx. 8 million before WWII to 14.3 million in 2002 (Fig. 1).

Land Use and yields
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Land (char is, soil) can be seen
as a finite nactural resource (at
least from the viewpoint of
human life) and a basis for all
economic activities from food
production to the building of
homes and industrial sites.
Changes in socio-economic or
polirical conditions are
reflected in changes in land use
structure :].I'lL‘I, O some extent,
also vice versa (see for example
Jelecek 1995b).

Yields are closely related to land
use; they were both influenced by
the soong and  dynamic
industrialization in Czechoslo-
vakia (which srarted already
before 1918) during the lasc
century. Yields are the result of
land use practices, intensi-
fication, use of ferrilizers and
fossil fuels in agriculture. Along
with increasing yields (Fig. 2b)
(reached by an increasing use of
fossil fuels and arcificial
fertilizers in agriculture) the area
of productive agricultural land
decreased (Fig. 2a). In spite of
this decrease of producrive land
area, rthe domesric extracrion
could grow as a resulc of
mntensification (Fig, 2a).

Wicth the intensification of
agriculture, mainly the yields of
fodder crops grew (following
feed che demands of growing
herds of livestock), along with
roots and rubers (used e.g. for
sugar producrion) and cereals

(Fig 2b and 3b).
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During the first fifty years of cthe studied period, the agriculrural area decreased by approx.
20% (chere was, however, a temporary increase in permanent cultures) and in next chirty years
decreased by approx 10%. Cropland was reduced by 16%, above all in the area of root crops,
tubers and cereals. Forest areas increased by 10 % from 1945 to 2000. The extent of ocher land
more than doubled, resulting from a conversion of agriculcural land to construction land,
mining areas and land used for other artificial purposes (Bartos 1987).

The reduction in cropland accelerated significantly after the Velver Revolution indicating che

stcructural adapration of che
agriculcural secror. Farming,
which had previously been
subsidized by the national
budger, declined significantly
cransfer to market
led
reduction in cropland (Bic¢ik et

al. 2001).

Energy flow accounting
(EFA) of biomass and

fossil fuels

Fig. 3a shows the domestic
extraction (DE) of agricultural

with che

economy, which to a

biomass and Fig. 3b livestock
intensity per area (livestock
units per Czechoslovak area).
Both figures show that with
increasing feed availability also
the livestock increased, namely
the number of pigs and cattle.
Domestic extraction of biomass
(DE of biomass) reached its pre-
war volume in the 1960s, which
was also the case of catde, but
the number of pigs increased in
an unprecedented way while
that of horses was decreasing
through the whole period. This
trend was escalating during the
1970s and 1980s.

DE of both biomass and
livestock fell dramatically after
the Velver Revolurion in 1989
with the collapse of eastern

markets, restructuring  of
agriculrure, changing
consumption patterns and

growing imports of food.
After the industrialization of
agriculture, which started in the
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The development of domestic energy inpur (DEI) of biomass (Fig. 4) was in its main
characteristics similar to the previous indicators presented here. In the first stage, DEI grew
from approximately 500 PJ in 1920 to the pre-war maximum of between 750 and 800 PJ
around 1930. Then it dropped to abour 650 PJ in 1936. After WWII, it started below S00 PJ
and in comparison with DE (which reached pre-war level in 1960s), it reached the pre-war
level in the 1950s (berween 650 and 700 PJ in 1953). (It should be menrtioned here thar
imports also played a key role in the post-war growth. The negative trade balance (net
imports) of agricultural biomass oscillated around 10% of DEC of agricultural biomass over
the 1960s and 1970s). Then DEI reached its maximum in the mid-1980s - between 950 and

1000 PJ. Afrer 1989, it oscillated around 700 PJ (a value comparable to the 1960s).

The domestic energy consumption (DEC) of biomass grew from a little less than 500 PJ in
1920 to about 700 PJ at the beginning of 1930s, then it started to decrease slowly over the
next ten years and then dropped before WWII with the economic crisis. The same volume as
the highest pre-war one occurred after the war in the 1960s-1970s, growing from less than
700 PJ ro almost 800 PJ in the 1980s. After a maximum in the mid-1980s (almost 900 PJ) the
growing trend of DEC of biomass was reversed. After stagnation in the 1980s there came

a rapid decrease after the Velvet Revolution in 1989 to a level lower than 500 PJ in 2000.

Fig. 5a shows that in spite of the intensification of agriculture and the increasing volume of
domesrically extracted biomass in the studied period, imporrt played also an imporrant role -

grow again. DE reached its pre-
war volumes only in the 1960s.
Then it grew rto reach its
_200 . . | — 1‘|‘|;]_x'i[]]]_|_n‘| i]_1 tl_le I]]idd]e 0]: tl_le
1980s (over 600 PJ). After 1989,

increase in the intensity of
import and DEC is calculated as DEI minus export. animal husbandry (Fig. 3b). The

livestock units (LSU) of caccle
per area (Czechoslovak rerritory) thar oscillared in che 1930s around 30 LSU/km”® grew after
the war significantly to values of abour 40 LSU/km’ in the 1980s. After 1990, it fell
dramarically ro approximarely 10 LSU/ km? in 2003. The case of pigs was similar: the growth
between the 1920s and 1930s was of below 10 LSU/km?* After WWII, it grew from 6-10 in
1940s to berween 15 and 10 LSU/km? in 1975-1985, with a maximum in 1980 (almosc 20
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especially rthat of cereals,
feedstuff and fruirts. On the
other hand, Czechoslovakia
exported asignificant amount
of wood (Fig. 5a). In net wood
export, there were three
important peaks: in the 1920s
exports oscillated around 40%
of DEC of wood, in the
1970s-1980s also about 30 -
40% of DEC of wood and then
afrer 1989 (1997-2001) the ner
export of wood was more than
40% of DEC of wood.

Similar trends as in all other
presented indicators can be
seen in the case of rtocal
domestic energy consumption
(DEC) (Fig. 6). DEC raised from
approx. 1100 PJ in 1920 to
almost 1500 PJ in the beginning
of 1930s and during che
economic crisis dropped again
to around 1200 PJ in the middle
of the 1930s. Then it increased
rapidly ro its maximum higher
than 4500 PJ in the mid-1980s.
After 1989 a sharp decrease to a
value a lircle higher chan 3000
PJ just before 2000 (after a
small growth berween 1994 and
1996) followed and since then
DEC  has  been slightly
increasing.

After the Velvet Revolution DEC
dropped dramatically when
eastern markets collapsed and
heavy industries and agriculrural
producrion declined.

Discussion

Land use and biophysical flows
(in our terms energy) are closely
interrelated. Jeleéek (1995b)
distinguishes two main phases
in land use srrucrure
development, which  were
driven by different driving
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forces. The first phase lasted from the 19" cenrury ro 1948 when the main influence was thar
of agricultural economy. During the second phase after 1948 (1948-1990) the main driving
force was capital construction in industry, agriculture (establishment of areas of animal
husbandry), rransport, housing and opencast mining. The ocher reason was the transfer of
approximately three million Czech Germans after WWII leaving large border areas
unculovated, which resulted in reforestation. This particular demographic development in
Czechia was subject to a number of land use studies (see for example Bicik & Scépanek 1994;
Jelecek 1995b).

The above-menrioned changes could be disaggregared in more derail into the following
periods corresponding to political and economical changes. According to Jelecek (1995b)
there are three main stages (during the period 1920-1990):

1921-1948 land reforms, the beginning of farmer’s cooperation (merging of fields) the grear
economic crisis of the 1930s and the impact of occuparion by Nazi Germany.

According to (Jelecek 1995b), arable land slightly increases over this period in Czechia
(according ro cadasrral dara sources).

1948-1970: extensive development of economy, deep changes in land use, reforestation in
border areas, high losses of arable and agricultural land in general in favour of builc-up and
other areas, deterioration of biogeochemical soil quality.

1970-1990: period of economic stagnation and unsuccessful attempts of intensification of
the economy, arrangements made against losses of agricultural land in favour of other areas,
smaller changes in land use strucrure.

Because our analysis provides a wider time span, we can identify anocher stage after

1990 (or racher after 1993, the division of Czechoslovakia into Czechia and Slovakia) which
is also defined in more derail in che literature (see for example Bicik & Janéik 2005). This
phase is called “cransformarion”. The decrease of agricultural land continues along wich che
increase of grasslands and forests (Bicik & Jancik 2005).

In case of energy flows, we can define main periods according to historical events which more
or less correspond to changes in the biophysical regime - the prosperous phase during the so-
called First Republic (after the creation of Czechoslovakia in 1920), then the economic crisis
in the 1930s. The attempr to rebuild the damaged economy afrer the WWII is reflecred in an
increase of the main indicarors. After the communist takeover in 1948, the increase was less
dynamic and in some points rather none in biophysical terms during the 1950s. The
collectivisation of agriculture during the communist regime seems to have had a negarive
effect on the level of agriculcural production.

Increase slowed down, although not very significantly, again in the 1970s (the so-called
normalization after the Soviet invasion in 1968). Then, even during the economic stagnation
in the 1980s (for more details, see Jelecek 1995b), a rapid growth followed with its maximum
during the whole studied period in the middle or late 1980s. This was followed by
a historically unprecedented fall of all indicarors afrer the Velver Revolurion in 1989, then
a short growth in the 2™ half of the 1990s and then stagnation again.

The comparison of domestic energy consumprtion (DEC) (Fig. 7) of Czechoslovakia and
Austria suggests thar under similar socio-economic conditions these indicarors for borth
countries are comparable, while in Czechoslovakia during communism and in Austria wich
market oriented economy (1945-1989) we can find different trends. Communist
Czechoslovakia focused strongly on heavy induscry wich a huge consumprion and extraction
of fossil fuels and its maximum DEC exceeds the DEC of Austria by more than one third.
After the Velvet Revolution, with a similar socio-economic organisation of present-day
Austria and Czechia/Slovakia, trends of DEC seem to be on a similar level.

82



Petra Kuskova — Socialni metabolismus ¢eského a Eeskoslovenského Uzemi v dlouhodobé perspektivé 96

Social metabolism within the Czechoslovak territory from a historical perspective

. _
Conclusions GJ/cap
. . . 400
The socio-economic metabolism
and the political and ecONOMIC 35 doi e
situation are closely relared. In
the case of Czechoslovakia we 300
witnessed an extreme growth of
domestic energy consumption 250
during the “building of Sah
socialism” mainly due to
massive coal extraction and oil 150
and gas imports to support
heavy industry  and  che 100
intensification of agriculcure.
The larter, together wich rthe 0
fact char Czechoslovakia was 0
. . U L] T T T T T T
historically an economy & o 5 & & & & o &
~ [ o g Wy O M~ oo (=2 (=]
strongly  focused on  the @ @ @ eal @ @ o Ea S
eX 1 [ cos . . .
extraction of coal and on — Austria = (_zechoslovakia

heavier industries, also resulted

into the presented flows of  Fig. 7 Comparison of domestic energy consumption (DEC)
biomass and fossil fuels. of Czechoslovakia and Austria. Source: own calculations

This increase in energy flows and Krausmann (2004).

and yields was accompanied by

a decrease in agriculcurally productive land and an increase of built-up areas and other land
uses.

Almost all investigated indicators fell dramatically after the Velvet Revolution in 1989 with
the collapse of eastern markets and heavy industries and with the restructuring of the
agriculture and consumption patterns. The time series unfortunately do not allow us to
interpret whar happened after the slowing down of chis stagnarion and decrease, as a longer
time line would be needed. However, these energy flows seem to have risen again.

It should be also assessed if “apparently” more economically “prosperous” phases are linked
to higher exploitation of natural resources while lower demand was registered only during
more complicated periods or crises as could be simply interpreted from our figures.
Economic effectiveness is in contrast to overexploitation in basic terms. This hypothesis
raises the question of how these changing phases of exploitation and stagnation are related,
if there exists any kind of causality at all, and how strong a role the internal and external
political and economical influences play. Another, no less important question is how (if ar all)
sustainability can be reached with lower exploitation of narure during economically
prosperous phases.
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ABSTRACT

Industrialisation goes along with sweeping changes in society's interrelations with its
environment. The transition from an agrarian to an industrial society leads to
fundamentally new patterns in social metabolism, a process which has been described as
sodo-metabolic transition. This paper investigates this transition for the case of the current
Czech and Slovak Republics and presents a dataset on the development of key variables
related to social metabolism during the last 170 years. The dataset includes ime series data
on the extraction of biomass and fossil fuels, energy consumption and land use. Combining
data on Bohemia and Moravia (1830-1915) with data on Czechoslovakia (1918-1992) and the
Czech and Slovak Republics (1993-2002), the study covers a period of consecutive political
and institutdonal changes. It includes the feudal regime of the late period of the Habsburg
Empire and its disintegration with WWI, the short period of the Czechoslovak Republic in
the interwar period, the era of a planned economy under a communist regime, the collapse
of this regime and the subsequent turn towards a market economy and European
integration in the 1990s. The period was characterized by economic and physical growth.
It saw a doubling of population and a growth in GDP by a factor 20. Domestic energy
consumption (DEC) increased by a factor 10 and the share of biomass in DEC declined from
more than 98% to less than 20%. All in all the observed changes closely resemble the
characteristic path of the sodo-metabolic transition as cbserved in other Westem European
economies. Major palitical and economic changes did not result in fundamental alterations
of the sodo-metabolic transition until the mid-20th century. The communist era (1945~
1989) was characterized by rapid physical growth and changes in the energy and land use
system very similar to those of other Western European economies in the same period,
however leading to DEC values substantially higher than those of other European countries
at around 300 GJ/cap in the mid-1980s. The distwrbances caused by the Velvet Revolution
resulted in short term turbulences in sodal metabolism and structural adaptations, and
around the year 2000, the Czech and Slovak Republics show biophysical features wvery
similar to those of other Western European counfries.
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1, Introduction

The concept of social or industrial metabolism (Fischer-
Kowalski, 1998; Fischer-Kowalski and Hiittler, 1998; Ayres
and Simonis, 1994) captures biophysical aspects of the
economy and allows to investigate interactions between
societies and their natural environment. [t has proven useful
to study sustainability problems related to the use of natural
resources (emerging both on the input and the output side)
and social metabolism has been established as a key concept
in sustainability science. During the last decades the investi-
gation of patterns, structure and dynamics of the socio-
economic use of materials and energy in relation to economic
development has made significant progress and an increasing
body of literature dealing with different aspects of social
metabolism is published (see for example Weisz et al., 2006;
Bringezu et al., 2004; Behrens et al., 2007). It has been argued
repeatedly that a historical perspective on society-nature
interactions supports the understanding of current patterns
and dynamics (Martinez-Alier and Schandl, 2002; Hornborg
et al, 2007; Costanza et al.,, 2007) and a few studies have so far
focussed on the long term historic development of social
metabolism, contributing case studies on the social metabo-
lism of pre-industrial societies and the impact of industriali-
zation on the use of energy, materials and land (cf. Hormborg,
2006; Kander, 2002; Lindmark, 2002; Iriarte-Goni and Ayuda,
2008; Schandl and Schulz, 2002; Krausmann and Haberl, 2002;
Malanima, 2002; Gales et al., 2007; Cusso et al., 2006).

From such a biophysical perspective, the historical process
of industrialization appears as a transition from an agrarian
socio-metabolic regime with a land based controlled solar
energy system towards an industrial regime with a fossil fuel
based energy system (Sieferle, 2001; Krausmann et al., in
press). During this socio-metabolic transition, the strong
linkage between land, energy and labour is abolished and
important biophysical limits for growth are relieved and new
patterns of socio-economic material and energy use (meta-
bolic profiles) prevail (Fischer-Kowalski and Haberl, 2007,
Krausmann et al,, in press). So far, most long term historical
studies have focussed on Western European countries. Knowl-
edge about the dynamics of social metabolism in communist
countries and in particular the relation between industrializa-
tion, economic growth and social metabolism in the centrally
planned economies of Eastern Europe is still very limited. This
paper presents a new case study on biophysical aspects of
industrialization in the former Czechoslovakia and Bohemia
and Moravia, respectively, an Eastern European region with a
distinct economic and political history. In a comprehensive
view, it discusses changes in the social metabolism in the
region of today's Czech and Slovak Republics from 1830 to 2000
by combining information on Bohemia and Moravia (1830-
1915) with Czechoslovakia (1918-1992) and later the Czech and
Slovak Republics (1993-2000). With this 170 year time span the
study covers the social and economic changes related to the
transition from a feudal state, when Bohemia and Moravia
were lands of the Austro-Hungarian Empire, to a centrally
planned economy and the post-communist stage. These
transitions were related to periods of severe economic and
political crises and economic disruption. The Czechoslovak

case allows to investigate how different political and eco-
nomic regimes are reflected in socio-metabolic patterns. By
complementing the set of existing case studies on long term
changes in social metabolism with a new one with very
specific socio-economic characteristics, this paper contributes
to the advancement of a biophysical reading of industrializa-
tion and the understanding of socio-metabolic transition
Pprocesses.

The paper presents annual time series data for a number of
key variables related to the socio-metabolic transition (includ-
ing extraction, trade and consumption of biomass, coal, oil,
natural gas, electricity; land use, agricultural yields and
livestock) in Bohemia and Moravia/Czechoslovakia for the
period 1830 to 2000. The complete dataset can be downloaded
from our web page (http://www.uni-klu.ac.at/socec/inhalt/
1088.htm). We present empirical results on changes in land
use, biomass production and energy consumption and a
discussion of these results in the context of the socio-
metabolic transition. We investigate the changes in energy
and land use in relation with economic development and
population growth and in comparison with other European
case studies. With this analysis we a) provide insights into the
long term dynamics of social metabolism and the metabolic
regime transition in Bohemia and Moravia/Czechoslovakia
and b) we highlight how abrupt changes in economic and
institutional settings and economic-political crises are
reflected in biophysical parameters.

2. Materials and methods

This study empirically assesses long term changes in social
metabolism and land use for the territory of today's Czechia
and Slovakia in the time period from 1830 to 2000. Based on
the methodological framework of material and energy flow
accounting (MEFA, see e.g. Haberl, 2002), we compiled data for
(used) domestic extraction, imports and exports of biomass
and fossil fuels, hydropower and nuclear heat and calculated
aggregate MEFA indicators including domestic extraction (DE),
physical trade balance (PTB) and domestic energy consump-
tion (DEC). In order to fully capture the transition from a
biomass based, controlled solar energy system towards an
area independent fossil fuel based energy system in the course
of industrialization (Sieferle et al., 2006), a dataset comprising
a number of key variables related to the land use system was
compiled. This includes detailed information on changes in
land use, biomass production and livestock. Outputs of the
socio-economic system (dissipated energy) and related sub-
stance flows, such as carbon emissions, were not empirically
assessed in this study.

The compilation of time series data is based on official
statistical records, national and regional data compilations
and international data sets. Annually published statistical
records and data from special surveys are available from the
early 19th century for the lands of the Austrian part of the
Austro-Hungarian Empire, including Bohemia and Moravia
which basically form the territory of the current Czech
Republic. For current Slovakia, which was then part of the
Hungarian Kingdom, no aggregate data are available. For most
of the 20th century we refer to national statistical yearbooks of
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the respective political-administrative entities, data compila-
tions edited by the Statistical Office of the Czechoslovak
Socialist Republic and also international data sources, above
all the statistical database of the Food and Agricultural
Organisation (FAO, 2004), the energy statistics database of
the International Energy Agency (IEA, 2004) and the energy
statistics yearbooks and COMTRADE database of the United
Nations (UN, 2004; United Nations Statistical Division, 2004).
Table 1 presents an overview of all sources which were used
for the compilation of time series data.

For items not covered in statistics, data estimation
procedures were performed. The most important estimates
concern grazed biomass and used crop residues throughout
the entire time series, and foreign trade in those periods when
no trade was reported for the reference system. For the
estimate of grazed biomass, we use a “grazing gap” approach
(Krausmann et al.,, 2008a), calculating the amount of grazed
biomass by subtracting known amounts of feed supply from
estimated feed demand. Feed supply measured in tons dry
matter includes fodder crops, hay, crop residues used as feed,
and market feed. Used crop residues, i.e. straw and beet

leaves, are estimated by applying species-specific harvest
indices and recovery rates. Feed demand is estimated using
species-specific feed demand factors which are adjusted over
time to reflect gains in animal production and live weight
(Sandgruber, 1978). No trade data was reported for the Austro-
Hungarian lands Bohemia and Moravia. Based on literature
(e.g. Lorenz von Liburnau, 1878; Mrazek, 1964) we estimated
net trade for the period 1830 to 1915 assuming that in the mid-
19th century Bohemia and Moravia began to export a
significant share of their production of coal, sugar and cereals.
For the period from 1992 to 2000, net trade of the Slovak and
Czech Republics is calculated as the difference between the
sum of Czech and Slovak imports and exports that is, not
considering trade between the two countries.

For the calculation of energy flows, all material categories
were aggregated to consistent categories (seven categories for
agricultural biomass, one for wood, and five for fossil fuels:
brown coal, hard coal, crude oil and natural gas). Material
given in mass was converted into energy units applying the
specific energy contents (gross calorific value) of the respec-
tive material (Haberl, 1995). Electricity generated from nuclear

Table 1 -Data sources

Period Data

Sources

1830-1915
1830: Sandgruber, 1978

Land use, harvest, livestock  1822/1856: Summary tables of the Franciscean Cadastre (k k.Finanz-Ministerium (Editor), 1858)

1831-1865: Tafeln zur Statistik der osterreichischen Monarchie (Anonymous, 1831-1865)

1868-69: Landwirtschaftliches Wochenblatt des k.k. Ackerbau-Ministeriums,

Volume I, Nr.1, 1869, and Volume II, Nr.13, 1870

1870-1881: Statistisches Jahrbuch der dsterreichischen Monarchie (KK, Statistische Central-
Commission (Editor), 1870-1881)

1874-1913: Statistisches Jahrbuch des k.k. Ackerbauministeriums (K.K. Ackerbauministerium
(Editor), 1874-1913), 1874-1913)

1881-1913: Osterreichisches Statistisches Handbuch fiir die im Reichsra

the vertretenen Konigreiche und Linder (K K. Statistische Central-Commission (Editor), 1831-1913)

Population, fossil fuel
production

1828-1871: Tafeln zur Statistik der Gsterreichischen Monarchie (Anonymous, 1828-1871)

1866-1874: Statistisches Jahrbuch der Gsterreichischen Monarchie (K.K. Statistische Central-
Commission (Editor), 1866-1874)

1875-1917: Hwaletz (2001)

1920-1992
population fossil fuel 1920-1932)

production, foreign trade

Land use, harvest, livestock, 1920-1932: Statisticka prirucka republiky Ceskoslovenske -1V (Statni rad statisticky v Praze (Editor),

1932-1938: Statisticka rocenka republiky Ceskoslovenske (Statni urad statisticky v Praze (Editor),

1934-1938)

1920-1983: Historicka rocenka CSSR (Federdlni statisticky arad (Editor), 1985)
1950-1990: Statisticka rocenka Ceskoslovenske socialisticke republiky (Federalni statisticky virad

(Editor), 1958-1989)

1990-1992: Statisticka rocenka Ceske a Slovenske federativni republiky (Federalni statisticky rad

(Editor), 1990-1992)

1961-1992: Data from International Energy Agency (IEA, 2004) and Food and Agricultural

Organization (FAO, 2004)
1993-2000
population, fossil fuel

production, foreign trade (Editor), 2003)

Land use, harvest, livestock, 1994-2002: Statistical Yearbooks of the Czech and Slovak Republics
1993-2002: Pol'nohospodarstvo v Slovenskej republike (Statisticky trad Slovenske) republiky

1993-2002: Mineral commodity summaries of the Czech Republic (Ministry of the Environment of the

Czech Republic (Editor), 2000)

1993-2002: Data from International Energy Agency (IEA, 2004) and Food and Agricultural
Organization (FAO, 2004) and UN Energy statistics (United Nations Statistical Division, 2004)

‘Table 1 Data sources
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Table 2 - Regional reference systems

Period Name Territory System
1830-1918 Bohemia and Moravia (1830-1847 incl. Silesia) 75,000 km” (85,000 km?)  Lands of the Habsburg Monarchy and from
1867 Austro-Hungarian Monarchy
1918-1938 Czechoslovak Republic: consisting of Bohemia, 140,000 km? Republic
Moravia including part of Silesia, Slovakia and Ruthenia
1939-1945 Protectorate Bohemia and Moravia, Slovak state 49,000 and 38,000 km®  The Protectorate was occupied by
Mazi-Germany. Slovakia independent
1948-1989  Czechoslovak Republic: consisting of Bohemia, Moravia 128,000 km? Centrally planned economy; Comecon
including part of Silesia and Slovakia (in 1960 renamed
to Czechoslovak Socialistic Republic)
1989-1992  Czechoslovak Federal Republic 130,000 km? Market economy
1992- Czech Republic; Slovak Republic 79,000 and 49,000 km* Market economy; since 2004 EU members

power was converted into nuclear heat (that is the respective
type of primary energy) by assuming an efficiency of 30%; for
electricity from hydropower the assumed efficiency was 95%
(Krausmann and Haberl, 2002). Data on GDP in purchasing
power parities were taken from the Groningen data base
(Maddison, 2003). Data on population for the respective
reference system were compiled from the above mentioned
national statistical sources.

A major difficulty in compiling consistent time series data
appeared to be the change of administrative boundaries of the
case study region. Table 2 gives an overview of the political and
administrative changes which occurred in the region from 1830
to 2002. From 1830 to 1918 the territory of Czechia and Slovakia
was part of the Austro-Hungarian Empire. After the collapse of
the Empire the Czechoslovak Republic was established, consist-
ing of Bohemia, Moravia, Slovakia and a small part of current
Ukraine (Ruthenia). In 1938, Bohemia and Moravia were occupied
by Nazi-Germany and formed the Protectorate Bohemia and
Moravia, while Slovakia became an independent state. After
World War Il the Czechoslovak Republic united Bohemia,
Moravia and Slovakia in one administrative unit. After 1948 the
Czechoslovak Republic was under communist rule and was
renamed to Czechoslovak Socialistic Republic in 1960. This lasted
until 1989 when the so-called Velvet Revolution ended the
communist rule and the new Czechoslovak Republic was formed.
Three years later, Czechoslovakia split into the Czech and Slovak
Republics, both of which joined the European Union in 2004.

For the interpretation of the entire time series from 1830 to
2000, we attempted to avoid major statistical breaks resulting
from territorial changes. For the period 1830 to 1915 the
reference system includes the lands Bohemia and Moravia
(that is, approximately the territory of the current Czech
Republic) and for the period 1920 to 2000 it also includes the
Slovak Republic (that is, the territory of the Czechoslovak
Republic). The inclusion of Slovakia into the dataset as from
1920 leads to some distortions due to structural differences
between Czechia and Slovakia in the early 20th century:
Slovakia had a more pronounced rural character compared to
industrializing Czechia, population density was lower (61 cap/
km? compared to 127 cap/km? in Czechia), the share of
agricultural production was higher and industrial production
was less developed (see Pavlinek, 1995). Despite the structural
differences between the two regions, intensive variables
correspond surprisingly well before and after World War I,
and the long term time series results in plausible trends.

For reasons of simplicity, we will refer to the region of
reference as Czechia for the period 1830 to 1915 and as
Czechoslovakia for the period 1920 to 2002 throughout the rest
of the paper. In order to minimize the resulting break in the
data, we present most data recalculated as intensive variables,
that is, either per unit of total area and year or per capita and
year or as percentage of total (land use). For the periods of
World War 1and I and a number of subsequent years (1915 to
1919 and 1938 to 1950) no satisfactory data are available —
these periods were thus excluded from the time series
analysis.

3. Results

3.1 Biomass production system

The biomass production system is described on the grounds of
data on domestic extraction (DE) of biomass, land use,
agricultural yields, and the livestock. Fig. 1 shows the
development of biomass extraction; data are presented in
energy units and, in order to reduce the impact of the
changing territorial system, are expressed per unit of total

1830 1850 1870 1890 1910 1930 1950 1970 1990
oCereals oRoots and Tubers @ Fodder Plants @ Other Crops
by Products @ Meadows o Pasture @ Forast and Woodlands

Fig.1-Domestic extraction of biomass in Czechia (1830-1915)
and Czechoslovakia (1920-2002), in unit of energy per unit of
total area. Data between 1830 and 1869 were interpolated due
to lack of reliable sources (shaded area). Sources: own
calculations, see text.
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area {Tlfkmz). In 1830, total DE of biomass amounted to 2.8 TJ/
km?. Biomass production grew continuously throughout the
19th and early 20th century and doubled to 5.3 TJ/km? by 1914.
Most of this increase was due to a growing harvest of
agricultural biomass, above all on cropland. Harvest of crops
and by products tripled during this period from 1.1 to 3.0 T}/
km®. Wood harvest and extraction from grasslands (including
grazing) increased only modestly. Further increases in crop
harvest only occurred after World War 11 when production
recovered quickly and grew from 2.2 TJ/km” in 1945 to 3.8 TJ/
km? in the 1980s. In this period, the main drivers were
increases in cereal and fodder crop harvest. Also extraction of
wood went up significantly, doubling from 0.7 TJ/km? in 1945
to 1.5 T)/km? in 1989. After the Velvet Revolution, total
biomass harvest slumped dramatically from 6.9 Tl/km? in
1989 to 5.4 TJ/km? in the mid-1990s, owing largely to a steep
decline in the harvest of forage and grazed biomass. Since
then biomass extraction seems to have stabilized due to slight
increases in the harvest of wood, oil seeds and other crops. At
the end of the 20th century, agricultural harvest was at a
similar level as in the interwar period. Overall, biomass
harvest grew by 50% between 1830 and 2000; however two
distinct periods of growth, which are followed by periods of
stagnation or decline, are discernible in Fig. 1: A period of
moderate growth between 1830 and World War I, and a period
of rapid growth from around 1960 to the late 1980s. Fig. 2
shows the development of land use, data are presented as % of
total area. In the early 19th century cropland was by far the
most important land use type, covering just under half of the
total land area. Grassland (meadows and pastures) accounted
for 18% and forests for another 27% around 1830. The
remainder (9%) was occupied by other land use types,
including built-up land and associated areas and unused
land. Throughout the 19th and early 20th century, the
distribution of cropland, grassland and forests was compara-
tively stable. Major shifts of land use only occurred within
cropland: The area of new crops such as root and tuber crops
and leguminous fodder crops gradually was expanded and
grew from 6% of the total area in 1830 to 16% in 1910. The
expansion of cropped area was made at the expense of fallow

100%
90% {7
80% 4

1830 1850 1870 1890 1910 1930 1950 1970 1990
O Careals m Roots and Tubers @ Fodder Plants
m Other Crops o Fallow B8 Meadows
o Pasture o Ferest and Woodlands Dother areas

Fig. 2-Land use in Czechia (1830-1915) and Czechoslovakia
(1920-2002) [% of total area]. Sources: own calculations, see text.

which decreased from 9% to below 1% in the same period. The
statistical break related to the changes in the territorial system
after World War | (the territory of the reference system
increases by 86% due to the inclusion of Slovakia, see
Table 2) causes only minor distortions in the overall distribu-
tion of land use: Due to the higher share of forest and
grassland area in Slovakia the share of cropland decreased,
while the proportion of forest and grassland was somewhat
higher in the new republic. Major changes in land use occurred
after WWII: Between 1945 and 1989, agricultural area
decreased by 15% (arable land was reduced by 9% and
grassland by 30%) while forest area grew by 10% and the
extent of other land more than doubled, resulting from a
conversion of agricultural land to construction land, mining
areas and land used for other purposes (Bartos, 1987). In the
1990s, the decline in agricultural areas accelerated and by 2000
cropland was reduced to 35% of the total area (most of the
reduction was due to a decline in the area of fodder crops),
grassland to 14%, while forests had grown to 36% and other
areas accounted for as much as 15%. It can be assumed,
however, that a significant amount of land recorded in land
use statistics as agricultural land (arable land or grassland) has
actually been unused since 1989, The estimates of the amount
of abandoned agricultural land in 2002 oscillate around
300,000 ha, of which about 100,000 are former arable land
(Ministry of the Environment of the Czech Republic (Editor),
2003). That is, the reduction of land used for agriculture is even
more dramatic than it appears in Fig. 2.

Increases in biomass harvest and changes in land use are
related to dramatic changes in agricultural yields (i.e. produc-
tion per unit of cropped area). In the 19th and early 20th
century, yields of most crops grew gradually. Cereal yields
more than doubled from 1.2 TJ/km? (63 tons dry matter per
km?, tpp/km?) in 1830 to 3.0 TJ/km? (166 toy/km?) in 1910 and
yields of roots and tubers increased threefold from 1.8 TJ/km?
to 6.3 TJ/km?. Also wood yields increased during this period,
however more slowly, from 3.2 TJ/km? to 3.8 TJ/km. In the
interwar period yields stagnated and began to increase again
only after World War II. Between 1945 and 1989 cereal yields
increased four fold to 7.3 T)/km?, the yields of most other crops
show a similar development. After the Velvet Revolution
cereal yields declined by 15% until the mid-1990s and have
hardly recovered since. Wood yields however, which had
grown more slowly than yields of agricultural products,
increased in the 1990s to 4.1 TJ/km?. Thus, while in the 19th
and early 20th century, rises in DE of biomass were related to
both increases in area and yields, after World WarIl, increases
in harvest can be attributed solely to rising yields for most
agricultural products. The slump of DE of biomass after 1989
went along with both a decline in agricultural areas and yields.

Livestock is a key element in the agricultural system. The
size of biomass flows and their socio-economic use are closely
linked to the stock of domesticated animals. Throughout the
observed period 65-70% of all agricultural biomass (and more
than 60% of total biomass harvest) was used as feed or bedding
material in the livestock sector. Fig. 3 shows major trends in
livestock structure: Numbers of livestock are expressed in large
animal units (LSU) and are presented as livestock density that
is as LSU per unit of total area. Throughout the whole period
cattle were the dominant livestock species in Czechia/
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Fig. 3 -Livestock in Czechia (1830-1915) and Czechoslovakia (1920-2002) in livestock units (LSU) per km? total area. Sources:

own calculations, see text.

Czechoslovakia. In 1830 cattle density amounted to 14 LSU/km?
while that of all other species ranged between 2 and 3 LSU/km?.
Cattle density increased continuously throughout the period
due to both increases in numbers and weight and reached a
level of around 40 LSU/km? in the 1980s. The stock of pigs began
to grow in the late 19th century and in particular after World
War I (from 5 LSU/km? in 1945 to 19 LSU/km? in 1980). Similar
trends can be observed in poultry stocks. The stock of horses,
the major source of draught power in the 19th and early 20th
century, doubled between 1830 and 1910 and then roughly
stayed at this level until it rapidly declined after World War IL.
After 1989, stocks of the two most important livestock species,
cattle and pigs, decreased dramatically: pig stocks were
reduced by almost 40% and cattle stocks by even 70%, reaching
levels similar to those of the 19th century. Even though the rate
of decline has gone down, no stabilization in cattle and pig
stocks has occurred. Overall, between 1830 and 1989 livestock
density grew from 21 to 63 LSU/km?; feed demand grew by 66%
from 1830 to 1914 and by 50% from 1920 to 1989.

3.2 Energy system

Total energy flows, including domestic extraction (DE), domes-
tic energy consumption (DEC) and the physical trade balance
(PTB) are displayed in Fig. 4a to d, data are given in TJ per unit of
total area and GJ per capita, respectively. Between 1830 and the
beginning of WWI total DE grew four fold (from 2.6 TJ/km? to
11.9 TJ/km?). Until the mid 19th century biomass accounted for
more than 90% of DE. From the 1860s onwards the extraction of
coal (in the beginning hard coal, but later increasingly brown
coal) increased at a rapid pace, while biomass harvest
continued to grow slowly. By 1895, extraction of coal surpassed
that of biomass. Peak production of coal before World War 1
reached 6.6 T)/km? (60% of which were brown coal). In the
interwar period no clear trend is discernable and coal and
biomass production roughly remained at a constant level.

After WWII a new dynamic of growth set in. Within four
decades coal production grew five fold, reaching a level of more
than 18 TJ/km? (or 150 GJ/cap) in the mid-1980s. During this
period, energy supply shifted from (high quality) hard coal to
(lower quality) brown coal and by 1989 brown coal accounted
for 70% of coal production. The extraction of biomass grew ata
much slower pace in this period, leading to an increasing share
of coal extraction of total DE: in the late 1980s coal accounted
for 70% of total DE. The regime change in 1989 had dramatic
impacts on the energy system: Coal production slumped and
within a few years was down to about 50% of the level of the
mid 1980s, biomass production declined by more than 25%. DE
of other energy types (crude oil, natural gas, hydro- and nuclear
power) was of minor quantitative importance throughout the
period until 1989 (below 10% of total DE). Throughout the
period hydropower played only a minor role in domestic
energy production; in 1972 Czechoslovakia opened its first
nuclear power plant and since the contribution of nuclear heat
to total DE increased gradually. In 2002 hydropower and
nuclear heat accounted for 18% of total DE (3 TJ/km?).

Foreign trade was low compared to DE in the 19th century,
but increased continuously throughout the time period.
Throughout the 19th century Czechia appeared as a net
exporting region. Exports consisted largely of brown coal,
agricultural products such as sugar and cereals only gained
some importance towards the end of the 19th century. In the
interwar period, exports stagnated, and some imports (mostly
hard coal) are reported. Foreign trade grew moderately until
the 1960s. Then imports of crude oil took off, rising quickly
from 1 TJ/km? in 1960 to 5 TJ/km? in the early 1970s. From the
1970s onwards natural gas imports added on, rising slowly
from 1 TJ/km? in 1970 to 2 TJ/km? in 1980. Imports of biomass
played a minor role in energetic terms as compared to fossil
fuels. Exports were significantly lower than imports in
energetic terms from the 1960s, never exceeding 4 T)/km?,
and in 1963 Czechoslovakia turned into a net-energy-
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importing country. Import dependency grew rapidly and by
1989 net imports accounted for 21% of domestic energy
consumption (DEC). As opposed to DE which slumped after
the Velvet Revolution, imports recovered quickly after 1989
and grew throughout the 1990s (from 9.3 TJ/km? in 1991 to
10.9 T//km? in 2000), contributing increasing shares to energy
supply. Exports were dominated in the 20th century by hard
coal. Some crude oil in the form of refined petroleum products
was (re-Jexported in the late 20th century. Also wood exports
gained significance from the mid-1970s, making up for around
10% of exports.

Domestic energy consumption (DEC) is defined as DE plus
imports minus exports — trends in DEC thus comprise the
combined effects of all previously discussed energy flows. DEC
grew gradually in the early and mid-19th century, from 2.6 TJ/
km? in 1830 to 4.7 TJ/km? in 1870. Only from the late 1860s,
driven by the massive exploitation of first hard coal and then
increasingly brown coal deposits, DEC began to increase more
rapidly and doubled until 1910 to 10 T)/km* — by this time,
fossil fuels made up for around 50% of total DEC, distributed
equally between brown coal and hard coal. The upward trend
continued until the economic crisis in 1929 when DEC declined
from 11 to 8 TJ/km? in just a few years. The decades after

World War I saw a surge in energy consumption. Between
1950 and 1981 DEC grew more than four fold and reached 35 T)/
km?. During this period, the share of biomass in DEC declined
from 41% to 20%, while the share of fossil fuels went up. In the
1950s and 60s, the main driver for the increasing DEC of fossil
fuels was increasing brown coal extraction, while from the
1970s onwards, imports of crude oil and natural gas con-
tributed more and more to DEC. In the 1980s growth of DEC
slowed down and DEC even began to decline in 1985. The
regime change in 1989 was related to a dramatic slump in DEC.
Between 1989 and 2000 DEC declined by roughly one third to
23 TJ/km? and has increased slightly since then. Imports
contributed greatly to DEC at up to 40%. Fossil fuels made up
for 81% of DEC, of which just over one half consisted of coal.

The per capita trends of energy use differ from the per-area
calculation presented above in periods of dynamic population
development. Between 1830 and 1860 DEC per capita remained
fairly constant around 40 GJ/cap, indicating that physical
growth was mainly driven by population growth in the first
half of the 19th century. Only then did physical growth
substantially outpace population growth, and by 1910, DEC
had doubled to 80 Gj/cap. The break resulting from the
inclusion of Slovakia into the dataset after WWI did not
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significantly distort values of per capita DEC. In the decades
after WWII, the rapid physical growth was accompanied by
modest population growth and per capita DEC increased
rapidly and reached a peak in the late 1980s at almost
300 GJ/cap. Since the population in Czechoslovakia remained
more or less constant since 1980, the slump in Energy
consumption after the Velvet Revolution is just as pronounced
in per capita as in total values: DEC per capita went down by
almost one third. In the late 1990s the steep downward trend
came to a halt at around 220 GJ/cap.

4, Discussion: the socio-ecological transition
in Czechia/Czechoslovakia

The 170 year time period observed in this paper was a period of
tremendous economic, political and socio-ecological change
for Czechia and Czechoslovakia. Appearing as an agricultu-
rally dominated region with only little manufacturing at the
beginning of the 19th century, the region experienced ex-
tensive industrialization and economic growth under chan-
ging political conditions.

Between 1820 and 2000, according to Angus Maddison’s
(2003) estimate, per capita GDP grew ten fold from 849 $/cap to
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Fig. 5- Demographic and economic development in Czechia/
Czechoslovakia 1820-2000. a) Population density in Czechia
(1820-1915) and Czechoslovakia (1820-2002). Sources: own
calculations, see text. b) Gross domestic product in
Czechoslovakia in international Geary-Khamis-$ per capita
1820-2002. Source: Maddison, 2003.

Table 3 - Long term trends and periods of disruption in

Czechoslovakia: GDP, population and energy use
GDP/cap DEC

GDP Population

[int. $)  [number| [intl $/cap] [TJ/ha]
Long term trends
1820-1910 298% 70% 135% 224%
1948-1989 258% 26% 189% 238%
1920-2000 435% 21% 346% 211%
Periods of disruption
1914-1920 -10% -2% -8% -7%
1929-1934 -17% 3% -20% -26%
1937-1948 -8% -14% 7% 9%
1989-1993 -18% 1% -18% -19%

Source: Maddison, 2003 (GDP and population); own calculations (DEC).

8629 $/cap, population doubled from 7.7 mio. to 15.7 mio., and
total GDP increased by a factor of 21 (see Fig. 5a and b).
Economic growth, however, was not a continuous process but
was interrupted by periods of severe disruption and radical
political change (Table 3): In the 19th century (1820 to 1910),
GDP grew by 223% and population by 59%, per capita income
(GDP/cap) doubled. World War I and the collapse of the
Habsburg Empire caused a decline in GDP and population
between 1913 and 1920 by 10 and 2%, respectively and after
only a few years of rapid recovery, the economic crisis of 1929
saw a slump in GDP by 17%. WWII and the post war struggles
caused economic disruptions similar to those of WWI, leading
to a decline in GDP of 8%, while population slumped by 14%,
which was largely due to the transfer of between 2 and 3 mio.
(mostly German speaking) inhabitants. World War II and the
subsequent strong decrease in population left Czechoslova-
kia's agricultural output surprisingly unharmed. While agri-
cultural production per area was 10 to 20% lower directly after
the war than it had been before, per capita values stayed fairly
constant. Production of wood and fossil fuels was even less
affected by war disruptions.

During the communist period the economy grew rapidly
(260%) and population grew by over 25% until it stabilized in
the 1970s. The Velvet Revolution marks a significant economic
disruption in the whole period with a GDP decline similar to
that of the economic crisis in 1929. Between 1989 and 1993 GDP
(absolute and per capita) slumped by 18%, but recovered
quickly and reached the former level in the year 2000. The
whole period between 1920 and 2000 saw an increase in GDP
by 429% and of population by 21%, per capita GDP grew by
346%. In the following section, we will discuss how economic
growth and disruptions and political change are reflected in
changes of the social metabolism and the biophysical
variables investigated in our study.

Four periods of change with distinct biophysical dynamics
were identified: The “long 19th century”, from the beginning of
our analysis until the outbreak of World War I, the interwar
period, the communist era from 1945 until 1989, and the
restructuring as a market economy from then on. The long
term trends in these periods will be discussed below. Table 4
presents a number of key indicators for Czechia/Czechoslo-
vakia's industrialization.
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Table 4 - Industrialization in Czechia (1850-1910) and Czechoslovakia (1950-2000)

1850 1880 1910 1950 1985 2000
Population density” [cap/km?] 92 111 135 95 121 123
GDP/cap” [USD/cap] 1079 1334 1990 3501 8367 8630
DEC per capita [Gl/cap] 39 59 78 121 283 207
Share of biomass in DEC %] 94 64 51 39 20 18
Share of fallow in cropland [%4] 14 (] 1 1 0 2
Agricultural population® (%] 59 49 38 20 12 8
Coal extraction” [t/cap] 0.1 13 2.9 35 8.3 4.6
Iron production?® [kg/cap] B 13 81 252 975 635
Fertilizer application? [kg/ha agricultural land] 43 348 82
Railroads® (m/km?] 65 119 103 103 74
Motorization? [cars/100 P] 1.0 18.0 31.1
Draught animals® [horses/100 P) 41 42 Sl 0.3 0.2

Sources: ® statistical yearbooks, see text, b Maddison, 2003, € Sandgruber, 1978, d Mitchell, 2003 (1850-1880 pig iron; 1950-2000 crude steel).

4.1. 1830-1914: coal based growth

The gradual changes of the late 19th and early 20th century
represent the take-off phase of Czechia's transition from an
agrarian to an industrial socio-ecological regime. During this
period, Bohemia and Moravia were lands of the Habsburg
Empire and its system of gradually increasing internal division
of labour. Like the rest of the Empire, Bohemia and Moravia
were late comers with respect to the industrial revolution: In
the mid-19th century, around 60% of the population were
engaged in agriculture, urbanisation was low and iron
production amounted to less than 10 kg/cap (Table 4). Biomass
was the most important energy carrier until the mid-19th
century accounting for more than 95% of DEC until 1840. Only
then, the exploitation of Bohemia’s and Moravia's coal
deposits gained significance, exceeding a level of 100 kg/cap
and year in 1846 and gradually increasing domestic extraction
and domestic energy consumption to unprecedented levels
until the collapse of the Empire. In the 1860s, the economic
boom of the Griinderzeit affected the economy of the Czech
lands (Bideleux and Jeffries, 2007). Bohemia and Moravia had
been connected to the steam railway system since the 1830s,
but increased railway construction took place from 1848 to
1867, extending the network to over 5000 km of railway lines
(Mrazek, 1964). Only from the 1860s on, Czechia rapidly
replaced Styria as the centre of the Empire’s iron industry
(Hwaletz, 2001). The once backward lands Bohemia and
Moravia evolved as dynamically growing industrial regions
with a boosting coal production.

At first, the use of coal was restricted to industrial
processes, replacing (and adding to) wood as a key resource
and significant amounts of coal were exported to other
provinces of the Empire, above all to Vienna and Lower
Austria. During the 19th century population increased by 60%
and the pressure on agriculture to raise the production of food
and feed grew. Like in many other central European regions,
agricultural output was increased by a series of technological
innovations and an optimization process generally termed the
first agricultural revolution (Sandgruber, 1978). New crops,
above all potato, clover, fodder and later also sugar beet
allowed to replace the traditional three field rotation by more
sophisticated crop rotations and the share of fallow of total
cropland declined from 19% in 1830 to 2% in 1900 (Table 4). The

surge in available fodder allowed to increase the number of
draught animals and livestock densities in total almost
doubled. More manure, better fertilizer management and
nitrogen inputs from leguminous crops helped to raise
agricultural yields by 50% and more, and the annual growth
rate of cereal output even exceeded that of population growth
in that period. Czech agriculture increasingly supported other
parts of the empire with agricultural production.

At the outbreak of WWI, Czechia appears to be a typical
industrializing Central European region: During the long 19th
century GDP had grown by 300%, population by 70% and per
capita GDP by 135% to a level similar to that of the Austrian
lands of the Empire (Table 3). Coal production per capita had
increased from 20 kg in 1830 to more than 3000 kg and total
DEC had more than doubled to a level of 81 GJ/cap, coal
accounting for roughly half of its total (Tables 3 and 4).
Agricultural population had declined to a third of total
population and iron output surged to more than 100 kg/cap.
Agricultural production by and large kept pace with popula-
tion growth, despite the fact, that throughout the 19th
century, the agricultural production system did not yet
substantially benefit from the new energy source. The supply
of agriculture with power still fully relied on draft animals and
humans (only 2% of all agricultural machinery used fossil
fuels, see Sandgruber, 1978). Industrial sources for the
replacement of plant nutrients were hardly existent.

4.2. 1914-1948: major disruptions: decline and recovery

World War I ended a long period of economic and physical
growth and marked the beginning of a series of severe
disruptions. After the disintegration of the Austro-Hungarian
Monarchy, the former Austrian lands Bohemia and Moravia
together with Slovakia (formerly Hungarian territory) now
formed the new Czechoslovak Republic. According to Maddi-
son (2003), the period 1914 to 1920 saw a 10% decline in GDP but
only 2% in population (Table 3). The economic starting position
of the newly founded Republic was favourable: Czechoslovakia
was endowed with large deposits of coal and, as it contained
the monarchy’s centres of heavy industry, a large industrial
legacy. This contributed to the fact that Czechoslovakia’s
energetic metabolism was surprisingly little affected by the
collapse of the Austro-Hungarian Empire: despite the inclusion
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of the lessindustrialized Slovakia, DEC (per unit of area)in 1920
was only 7% lower than in the years preceding the war (Fig. 4b).
After the war growth continued until the economic crisis in
1929 severely hit the Czechoslovak economy (Haufler, 1984).
Within only five years GDP slumped by 17% and DEC declined
even by 26% (Table 3). The period of recovery was short and
World War II and its aftermath constituted the next major
disruption. Three years after the war, in 1948 GDP was still 8%
below the value of 1937, while energy consumption, which had
rapidly recuperated after 1945 was already 8% above the pre-
war level. The period, however, saw a 14% decline in popula-
tion which was mostly due to the transfer of 2-3 mio. people,
mostly Germans from borderlands (see Fig. 5a). This had a
considerable impact on land use and agriculture, as it left large
border areas uncultivated and enforced reforestation (see e.g.
Bicik and Stepanek, 1994). However, agricultural output was
comparatively constant before and after the war. This mightbe
a result of farmers' organisation efforts for cooperation which
continued until 1948 and could have alleviated the war
damages (Kubacak, 1995). Overall, the period 1914 to 1948
experienced a considerable growth with respect to GDP (37%)
and a less pronounced increase in DEC (17%) but a decline in
population (-7%) (see Table 3). The disruptions were severe,
but were followed by periods of steep economic and physical
growth.

4.3. 1948 to 1989: the socio-ecological transformation
under communist rule

Profound changes in Czechoslovakia's physical economy only
occurred after World War II. Industrialization and boosting
industrial and agricultural production were among the key
priorities of the communist administration and Czechoslova-
kia became tightly integrated into the system of spatial
division of labour among the members of the Council for
Mutual Economic Assistance (Comecon, see Bideleux and
Jeffries, 2007). Economic development focussed on the expan-
sion of coal mining and heavy industry and the Czechoslovak
Socialist Republic became a centre for industry (iron, steel and
chemical industry) and manufacturing within the Comecon
(Blazek, 1959): steel production increased by almost 300%
between 1950 and 1985 (Table 4).

Coal production and consumption was greatly enhanced
and in 1955 low quality brown coal replaced hard coal as key
energy carrier (Fig. 4a). In the 1960s imported crude oil and

later also natural gas, both available at low prices from Russia
(Bideleux and Jeffries, 2007; Sirucek, 2007), began to supple-
ment domestic coal in significant quantities, but coal (and
above all brown coal) remained the quantitatively most
important source of technical energy (Fig. 4b). The extensive
use of coal went along with CO;-emissions much higher than
those of oil-based industrialized countries (Kuskova, 2004).
Until the 1980s, energy consumption went up very steeply
(annual growth rates of 3%), reaching levels around 300 GJ/cap
which by far exceeded those of other industrialized countries
(see Table 5); a significant share of this energy was used for the
production of industrial export products aimed for the
Comecon markets. Also agriculture was subject to far reaching
restructuring and was industrialized at a fast pace in the
decades after World War II. Collectivisation was rapidly
enforced. Between 1950 and 1980 the proportion of farm land
in cooperatives and state farms increased from less than 10 to
more than 80%, a development which created huge farm
enterprises: In 1980 the average size of a cooperative was
2500 ha and that of a state farm 6800 ha (Bartos, 1987).
Between 1955 and 1975 the number of tractors increased to
137,000, draught animals disappeared and agricultural labour
force declined by 50% (Table 5). The application of artificial
fertilizer surged to 350 kg/ha of agricultural area. This allowed
for the tremendous increases in agricultural yields, biomass
output and livestock numbers and the decline in agricultural
areas observed in the decades after WWII (see Figs. 1 and 3).
Mining land and built-up land used for infrastructure or urban
areas also contributed to decreasing agricultural land (Stys,
1987). Between 1963 and 1979 almost 500,000 ha of farmland
(7%) were lost, a significant fraction for construction and
mining (Bartos, 1987, see also Bicik et al.,, 2007). Wood
extraction also increased considerably during the 20th cen-
tury. While wood was successively replaced by fossil fuels for
combustion in the early 20th century, it was used more and
more for non-energy purposes such as timber and paper
production — by 1980, the non-energy use of wood accounted
for 90% of domestic wood consumption (Kubacak, 1995). Wood
also became an increasingly important export product with up
to 40% of domestic extraction used for exports.

The dynamics of biophysical growth which prevailed in
centrally planned Czechoslovakia in the decades following
WWII very much resembles the picture which has been
observed in Western European countries (Gales et al.,, 2007;
Kander, 2002; Krausmann and Haberl, 2002; Schandl and

Table 5 - International comparison: income (GDP/cap), energy consumption (DEC/cap) and energy intensity (DEC/GDP) for

selected industrialized countries in 1989 (5a) and 2000 (5b)

S5a: 1989 Czechoslovakia Austria United Kingdom EU15 Japan
GDP/cap [intl $/cap] 8709 15,762 16,110 15,633 17,185
DEC/cap [Gl/cap] 281 194 191 199 148
DEC/GDP [My/intl $] 32 12 12 13 9
5b: 2000 Czechoslovakia Austria United Kingdom EU15 Japan
GDP/cap [int] $/cap] 8630 20,097 19,817 19,160 21,069
DEC/cap [G/cap] 201 199 189 209 193
DEC/GDP [My/intl $] 2.8 97 9.4 10.9 9.1

Sources: Haberl et al,, 2006; Krausmann et al, 2008b; Maddison, 2003.
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Schulz, 2002; Krausmann et al., 2008b): During a comparatively
short period of two to three decades, GDP, material and energy
throughput multiplied and a new type of social metabolism
emerged. In contrast to the 19th century when population
growth determined the pattern, growth in this period was
driven by per capita growth and led to acompletely new level of
per capita income and energy use. Christian Pfister refers to
this period of socio-ecological restructuring as 1950s Syndrome
(Pfister, 1995). The particular dynamic of growth has been
attributed to a transition towards a society of mass production
and consumption and was facilitated by new, petroleum and
electricity based technologies, declining energy prices and
massive political efforts (Griibler, 1998; Krausmann et al,,
2008b). Czechoslovakia followed this basic pattern in many
ways. It seems that the surge in energy use, the industrializa-
tion of agriculture and the trends in land use were even more
pronounced under the conditions of the planned economy
than in Western Europe. Compared to Austria and the UK,
where comparable data exist (Krausmann et al., 2008b) per
capita DEC grew at extremely high rates (2.4% per year) to a
significantly higher level (see Table 5). While the first oil price
shock in 1973 marks the beginning of a period of stabilization
in DEC in many countries (Haberl et al,,2006), it hardly had any
effect on the Czechoslovak economy. The system of low price
oil transfers within the Comecon countries prevailed even
after 1973 (Bideleux and Jeffries, 2007; Sirucek, 2007) and
Czechoslovak oil imports and DEC continued to grow at a high
rate until 1979 (Fig. 4b and c). Only the period after the second
oil price shock in 1979 was characterized by a stabilization of
DEC at a very high level, and a modest decline after 1985. The
immoderate energy throughput may partly be attributed to the
specialised role of the Czechoslovak economy as a centre for
heavy industry within the Comecon, but in its later phase it is
also related to over industrialization, a lag in technological
development and obsolescing industrial facilities. Although
the Czechoslovak economy grew at high annual rates, GDP not
even nearly reached the level of Western European economies
such as Austria or the UK. In contrast to Austria or the UK,
Czechoslovakia's energy intensity (unit of DEC per unit of GDP)
did not decline substantially during this period. In 1989,
immediately before the regime change, it was 2.7 times higher
than in Austria or the UK (Table 5).

4.4, 1989-2000: the Velvet Revolution and its impact on
the biophysical economy

The end of communism was accompanied by dramatic
changes in Czechoslovakia's economy (Scasny et al., 2003)
which are in its economic and physical dimensions only
comparable to the economic crises of the 1930s (see Table 3).
The period 1989 to 1993 saw a massive decline in GDP in
absolute terms and per capita (—18%). The shift from a planned
to a market economy was related to temporary recession and
massive restructuring of the economy: with the collapse of the
Soviet Union the major trading partner vanished and Czecho-
slovakia had to adopt to new export markets. High volumes of
industrial and agricultural production were reduced, ineffi-
cient production and allocation structures eliminated and
industries restructured. The recession in the years after the
Velvet Revolution and the subsequent economic restructuring
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resulted in a significant decline in energy consumption. DEC
was diminished by almost one third during the 10 years
following the Velvet Revolution (Figs. 4b and Sb): coal
production slumped by 19% between 1989 and 1993, and also
agricultural production declined significantly (Fig. 4a). Primary
energy supply shifted from domestic coal towards imported
crude oil and natural gas, a shift which also helped to
drastically reduce CO,-emissions from 19 t/cap in 1989 to
12 t/cap in 2000 (Kuskova, 2004).

The changes in agricultural production, i.e. declining agricul-
tural production and livestock numbers (Figs. 1 and 3), reflect the
end of high agricultural subsidies as they prevailed under
communist rule (Bicik et al, 2001, 2007). The privatisation of
agriculture triggered a process of structural change. Large areas,
especially grasslands were abandoned, agricultural production in
general was de-intensified (Bicik and Jancak, 2005).

The aggregate effect of declining GDP and DEC was a
significant reduction in the energy intensity of the Czechoslo-
vak economy. The restructuring of the economy after 1989
accelerated a process of declining energy intensity which can
be recognized as a general trend since the 1950s (Fig. 6). In the
years between 1989 and 2000 energy intensity declined by 25%,
however, with 23 MJ/$ energy intensity was still twice as high
as in Austria or the UK (Table 5b; Krausmann et al., 2008b). Per
capita DEC declined to a level of 200 GJ/cap, very similar to that
of other industrialized economies (see Table 5b).

A similar development as in Czechoslovakia’s energy
system has been observed for material flows. According to
material flow accounts which have been compiled for the
Czech Republic (Scasny et al, 2003), domestic material
consumption (DMC) declined by 40% during the five years
after the Velvet Revolution. Since then, DMC remained stable
at a level very similar to those of Austria and the EU15 average
(ca. 17 t/cap, Weisz et al., 2006).
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5. Summary and conclusions

During the 170 year period investigated in this paper, Czechia/
Czechoslovakia went through a fundamental transition pro-
cess which resulted in a new size and pattern of social
metabolism. The observed development resembles some of the
key characteristics of the socio-metabolic transition process
during which the exploitation of fossil fuels allowed to abrogate
traditional limits of growthrelated to aland based controlled solar
energy system of the agrarian metabolic regime (Sieferle et al,,
2006; Krausmann et al., 2008b). We discem two distinct phases of
this transition in Czechia/Czechoslovakia, each characterized by
specific patterns of change of both the agricultural production
system and the energy system. (1) The take-off of industraliza-
tion in the “long 19th century” under Austro-Hungarian rule when
the exploitation of coal deposits began to boost energy use. This
period saw considerable population growth and an intensification
of the traditional land use system. Increases in DEC were met by a
growing population and energy use per capita grew only
modestly. This development is very similar to what has been
observed for other lands of the Habsburg Empire and other late
coming economies (e.g Krausmann and Haberl, 2007). (2) The
period of rapid industrialization and growth in per capita energy
use during the communist era. In contrast to Western European
countries coal remained the most significant energy carrier for a
long time but increasingly imported crude oil and natural gas
changed the energy system and boosted agricultural production.
The Velvet Revolution and the subsequent tum towards a market
economy in the last decade of the 20th century constituted a
turning point which resulted in structural adaptations and an
acceleration of already ongoing changes in the energy system:
The economic restructuring adapted the energy system and the
size and structure of social metabolism to typical Western
European patterns (cf. Scasny et al,, 2003). Despite fundamental
institutional and political differences, the path of the metabolic
transition in Czechia/Czechoslovakia appears very similar to that
observed in Western European economies and resulted in a
comparable metabolic profile (cf. Haberl et al., 2006; Krausmann et
al., 2008b).

In the case of Czechia/Czechoslovakia radical political
change had only limited effect on the overall socio-ecological
pattern. Even very different institutional and economic
settings compared to Western European economies led to
similar general pattermns of material growth. Although the
development over time saw a number of periods of severe
disruption and dramatic changes in the general economic-
political conditions it seems that the biophysical impact of
these events remained of limited significance. World War I,
the Economic Crisis, WWII and the Velvet Revolution all had
dramatic short term impacts on GDP and DEC but after a short
period of time growth prevailed again, often at a faster pace
than before. Surprisingly, the relative impact of the Velvet
Revolution on biophysical parameters was the most signifi-
cant disruption during the whole time period. The remarkable
similarity in the pathway of the metabolic transition and the
resulting metabolic profile support the hypothesis that
industrialization constitutes a very general socio-metabolic
transition pattern (Krausmann et al., in press; Fischer-
Kowalski and Haberl, 2007).
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A case study of the Czech agriculture since 1918 from the
social metabolic perspective — from land reform through
nationalisation to privatisation

Abstract

This article explores the development of the social metabolism of the Czech agriculture over
the last 80 years. Being a Central European country, the Czech Republic has undergone a
number of breaks and changes in its political system throughout its history. The social
metabolism concept and the method of material and energy flow analysis looks at a studied
system from a biophysical perspective and explores the interactions between the economic
system and nature. The present Czechia and also Slovakia (Czechoslovakia before 1993)
are successor countries of the Austro-Hungarian Empire. From 1918 to 1938, Czechia was
part of market-oriented, capitalist and democratic Czechoslovakia, which turned into a
socialist centrally planned system in 1948 and then back to a market-oriented economy in
1989. Czechia and Slovakia then entered the European Union in 2004. This article presents
selected indicators such as energy inputs of fossil fuels, tractor work, human and animal
work, and domestic extraction (DE) expressed in energy units and land use or numbers of
agricultural workers and livestock covering the period between 1920 and the present. We

then link these indicators to political and economic historical events.

Key words: social metabolism, material and energy flow analysis (MEFA), land use, Czechia,

environmental history

1. Introduction

This article looks into the development of the Czech agriculture under different political and
economic conditions from a social metabolic point of view and this paper explores an eighty-
year period from 1920 to the present (2005).

The Czech agriculture underwent great changes in its history not only in the sense of
changes associated with the industrialization that occurred in other countries too, but also
specific changes linked to abrupt changes in political regimes. It was especially the shift from
the capitalist mode of production to a centrally planed large-scale agricultural system. The
study covers the capitalist era of the Czechoslovak Republic in the interwar period, the era of
a centrally planned economy under the communist regime, the collapse of this regime and

the subsequent turn towards a market economy and European integration in the 1990s.
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The history of the Czech agriculture is viewed in this study from the perspective of social
metabolism. The concept of social metabolism has been developed to describe interactions
between human activities and the natural environment (Ayres and Simonis, 1994).
Fischer-Kowalski and Haberl (2007) have defined the shift from the agrarian to the industrial
social-metabolic regime as a socioecological transition. Generally speaking, the social
metabolic transition was a result of industrialization in many cases. In this sense, the
sociometabolic changes in the 20" century have its roots a hundred years before. During the
19" century, the Czech agriculture was influenced by the transition from the agricultural
revolution into a technological and scientific revolution in agriculture as in many other
countries. Nevertheless, the process of industrialisation was greatly converted into the so-
called “socialist industrialisation” in post-war Czechia. This meant nationalisation of most
production (industry and agriculture) and the installation of a rigidly planned economy (Bicik
et al., 2001).

The sociometabolic transition of the Czech agriculture started already in 19" century with the
onset of the industrial revolution as a result of industrialisation, urbanisation and
demographic growth.

This article treats the biophysical aspects of the Czech agriculture as trends in inputs of
human and animal work or inputs of fossil fuels or development of land use, and links these
trends to political and economic events in history.

It is an attempt to contribute to the understanding of transition processes by tracing the
biophysical organization of the Czech agriculture throughout a long period of dramatic
political and economic changes. It complements studies referring to Czechia investigating
long-term changes in land use, agriculture and social metabolism (Bicik et al., 2001; Feranec
et al., 2000; Jelecek, 1984; Kuskova et al., 2008; Cusso et al., 2006; Lustigova and Kuskova,
2006; Kuskova, 2008) and relates also to growing body of the Long-Term Socio-Ecological
Research (LTSER) which focuses on socioecological systems, i.e., complex, integrated
systems that emerge through the continuous interaction of human societies with ecosystems
(Redman et al. 2004 in Haberl et al., 2006) and also aims to contribute to discussion in the
field of Industrial and Social Ecology mainly in the field of material and energy flows
accounting, biomass metabolism (e.g. (Haberl, 2001; Eurostat, 2001, Erb et al., 2007).
Selected indicators are presented and help us identify and understand the changing role of

the Czech agriculture over time.
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1.1. Historical background

The Czechoslovak Republic was established in 1918 as one of the successor countries of
the collapsed Austro-Hungarian Empire. After World War [, the first Czechoslovakia was a
democratic capitalist country. Czechoslovakia basically encompassed the historic lands

of Bohemia, Moravia and parts of Silesia (the present-day Czech Republic - Czechia),
Slovakia and a small part of present-day Ukraine called Sub-Carpathian Ruthenia. Czechia
was a strongly industrialized region already in the times of the Austro-Hungarian Empire.
Czechia has traditionally been an industrial and agricultural region belonging to countries
with a high level of concentration of agricultural production and mechanization of agricultural
work. Before World War |, Bohemia, Moravia and Silesia occupied one quarter of the
agricultural land of the ,Austrian countries” (i.e., Cisleitania — one half of the Austro-
Hungarian Empire); it produced more than one third of the wheat (35%), almost one half of
the rye (48%), and more than one half of the barley (59%), 32% of the potatoes and 80% of
the sugar beet (Kubacak, 1995).

In 1939-1945, Czechia was occupied by Nazi Germany. Dramatic societal and economic
changes took place after World War Il during the Communist period (1948-1989) and under
the Soviet domination.

Before the communist coup in 1948, small-sized farms dominated. After 1948, state farms
had the highest share (almost 34% in 1984) and this share was higher than in most other
socialist countries. These kind of farms usually cultivated thousands of hectares of
agricultural land, and kept tens of thousands of animals (Haufler, 1984). The fast
nationalisation and industrialization process led to extremely high exploitation of natural
resources.

The Velvet Revolution in 1989 brought further dramatic changes. The transformation

from a centrally planed economy to a market-oriented one caused a collapse of eastern
markets and heavy industries and agriculture were restructured again. In 1993,
Czechoslovakia was divided into Czechia and Slovakia (the latest period is generally termed

“transformation”).
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Table 1: Political entities of which Czechia has been a part

Period Name System
1918- Czechoslovak Republic: Republic, market
1938 consisting of Bohemia, economy
Moravia including parts of
Silesia (collectively Czechia),
Slovakia and Ruthenia
1939- Protectorate of Bohemia and The Protectorate
1945 Moravia (part of present was occupied by
Czechia), Slovak State Nazi-Germany.
Slovakia
independent.
1948- Czechoslovak Republic: Centrally planned
1989 consisting of Bohemia, economy; Comecon
Moravia including parts of
Silesia (present-day
Czechia) and Slovakia (in
1960 renamed to the
Czechoslovak Socialist
Republic)
1989- Czechoslovak Federal Market economy
1992 Republic / Czech and Slovak
Federal Republic
1992- Czech Republic; Slovak Market economy; EU

Republic

members since 2004

2. Materials and methods

This study empirically assesses the long-term changes in the social metabolism and land use

of the Czech agriculture in the time period from 1920 to 2005. Based on available statistical

data, we used the concept of social metabolism and its methodological framework of material
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and energy flow accounting (MEFA; see e.g. Haberl, 2002) namely energy flow accounting
(EFA) — because it allows us to quantify society-nature relations as well as to compare and
analyze e.g. biomass flows and fossils fuels in a single unit of measurement (Joules).

We compiled data on domestic extraction, live stock, agricultural workers, machinery, land
use and consumption of energy in agriculture, and calculated aggregate MEFA indicators
including domestic extraction (DE), and inputs of energy into the agricultural system (e.g.
work of animals, humans and tractors). Material given in mass was converted into energy
units applying the specific energy contents (gross calorific value) of each respective material
(Haberl, 1995).

We slightly modified the original MEFA approach which concerns inputs as to the socio-
economic system (i.e. harvest, mining, fossil fuel extraction,...) while outputs are outputs to
nature (including outputs to the land, i.e. fertiliser, work (for details see Haberl, 2002). We
consider the base to be the agricultural land and measured inputs in the form of energy, work
and fertilizers on the one hand, and the output in the form of agricultural harvest on the other

hand (see diagram 1). Outputs in the form of waste were not assessed in this study.

Diagram 1. The studied system. Agricultural system consists of productive land which
is managed by inputs in the form of work and energy. Special sub-compartment is

animal husbandry (livestock) which is linked to productive land.
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Embodied energy of fertilizers.
Our calculation of the embodied energy of fertilizers used conversion factors from Pimentel
et al. (1973).

Human labour

Our calculation of the human labour assumed an output per worker of 40 W at the beginning
of the studied period, and 35-30 W in the later years, while working 3,000 hours per year in
the 1920s — 1950s; 2,900 in the 1960s; and 2,500 in the 1970s - 2000s (compare also to

Krausmann and Haberl, 2002).

Animal work

Our calculation of the animal work adopted the factors and assumptions from Krausmann
and Haberl (2002). We assumed that 80% of all the oxen and 20% of the cows worked.
Horses worked 600 hours per year and their output was 720 W; oxen and bulls worked 500
hours per year and their work output was 480 and 400 W respectively. Draught cows worked
300 hours per year at 200 W per cow (Krausmann, 2001 in Krausmann and Haberl, 2002,
Krausmann, 2004).

Fossil energy input into the agricultural system

Our assessment of the fossil energy input into the agricultural system is based on several
data sources plus our own calculations. For the years 1955 - 1969 the value has been
estimated from data on energy capacity of machinery installed given by the Statistical Office
in kKW, multiplied by the assumed days in operation (50 days per year on average). Data for
the years 1970-1981 were taken from a study published by the Federal Statistical Office;
data for the year 1990, from a detailed inventory carried out by the Czech Statistical Office;
for the years 1999-2004, from data published by the Czech Ministry of Agriculture; and for
2005 and 2006, by the Czech Statistical Office.

Work of tractors
The work of tractors was calculated from the average value of output per tractor given in
statistical yearbooks and multiplied by the estimated hours in use per year (approx. 700

hours per year and tractor).
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Table 2: Data sources

Period Data

Sources

1920-1992 Land Use, Harvest, Live Stock,

Agricultural workers

Energy Consumption

1920-1932: Statisticka prirucka republiky
Ceskoslovenske I-1V (Statni urad statisticky v Praze
(Editor),

1920-1932)

1932-1938: Statisticka rocenka republiky
Ceskoslovenske (Statni urad statisticky v Praze (Editor),
1934-1938)

1920-1983: Historicka rocenka CSSR (Federalni
statisticky urad (Editor), 1985)

1950-1990: Statisticka rocenka Ceskoslovenske
socialisticke republiky (Federalni statisticky urad
(Editor), 1958—1989)

1990-1992: Statisticka rocenka Ceske a Slovenske
federativni republiky (Federalni statisticky urad
(Editor), 1990-1992)

1961-1992: Data from Food and Agricultural
Organization (FAO, 2004)

1970-1981: Federalni statisticky urad (Editor) 1983.
Vyvoj materialne technicke zakladny zemedelstvi a jeji
zabezpecenii v souvislosti s energetickou narocnosti

tvorby zemedelske produkce.

1993-2005 Land Use, Harvest, Live Stock,

Agricultural workers

Energy Consumption

1994-2002: Statistical Yearbooks of the Czech Republic
1994-2002: Statistical Yearbooks of the Czech Republic

1993-2002: Ministry of the Environment of the Czech
Republic (Editor),

1998 — 2005: Vyzkumny ustav zemedelske ekonomiky

(Editor). Zprava o stavu zemedelstvi CR: zelena zprava.

Domestic extraction

Domestic extraction (DE) means the harvested biomass given in statistics in weight units

(tonnes). Domestic Extraction (DE) of biomass refers to all biomass extracted within the

territory of the considered system.

The data were mainly adapted from the Czech Statistical Office. Data from 1938 to 1945

were not available because of World War Il, when Czechoslovakia did not exist. Table 2
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presents an overview of all the sources that were used for the compilation of the time series
data.

For items not covered in statistics, data estimation procedures were performed. The most
important estimates concern grazed biomass and used crop residues throughout the entire
time series. Used crop residues, i.e., straw and beet leaves, are estimated by applying
species-specific harvest indices and recovery rates (Krausmann and Haberl, 2002). For the
estimation of grazed biomass we used the calculation for Czechoslovakia (see Kuskova et
al., 2008) and extrapolated it from grazing per LSU in Czechoslovakia (multiplied by LSU in
Czechia). For Czechoslovakia we use a “grazing gap” approach (Krausmann et al., 2008),
calculating the amount of grazed biomass by subtracting known amounts of feed supply from

estimated feed demand (Kuskova et al., 2008).

The main methodological difficulties were establishing the system boundary. It was not
possible to separate the inputs in form of energy into animal and plant production. Therefore
the animal production was treated as part of agricultural system. Another difficulty stem from
the fact Czech Republic was part of then existing Czechoslovak Republic and because of it
the data on foreign trade for Czechia doesn’t exist until 1994. Therefore the possibility of the
analysis is restricted in sense to look at all inputs and outputs. However the missing
information in form of data was obtained from secondary literature and will be discussed
further.

3. Results

3.1.The production system; land use

Cereals have been the main crops in the Czech agricultural system; fodder crops have been
the second most important. Some of the roots and tubers were also used as fodder (sugar
beet leaves and, to some extent, potatoes). In comparison with other European countries,
the Czechoslovak agriculture produced more potatoes and sugar beet per capita than most
comparable countries; the amounts of cereals, meat and milk per capita have been average
(Kubacak, 1995).

Figure 1 shows the development of the structure of agricultural land in per cent. The share of
cereals remained stable over the time at around 40% of all the agricultural land, and the
share of fodder crops grew from about 20% in the 1920s to about 30% in the 1980s; since

then, it has been losing its importance with the falling numbers of livestock; today it is about
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10% of the agricultural land. Areas for rape cultivation have been growing significantly (an
increase of some 600% over the period studied). The decrease in the agricultural land as a
whole, and mainly the diminishing area of arable land, are a very important trend. Only areas
of permanent crops grew temporarily. Agricultural land decreased by 16% between1920 and
2005, and arable land decreased by 20%. Agricultural land decreased both between the
World Wars and during World War Il, and particularly in the period of conversion from small-
scale agricultural production to large-scale production mostly as a consequence of new
capital construction.

The share of permanent grassland decreased until the 1980s and then increased by 20%
from 1990 to 2005. In per capita values, the area of agricultural land decreased from 0.5 to
0.4 ha per capita. It can be assumed, however, that a significant amount of land recorded in
the land use statistics as agricultural land (arable land or grassland) has actually been
unused since 1989. The estimate of the amount of abandoned agricultural land in 2002
oscillates around 300,000 ha, of which about 100,000 is former arable land (Ministry of the
Environment of the Czech Republic (Editor), 2003).

Fig. 1: Land use in Czechia (%). Source: own calculations; see text.
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Fig 2: Agricultural land per capita (ha/cap.). Source: own calculations; see text.
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3.2. Inputs into agricultural system

One of the main processes occurring during the studied time period was the replacement of
animal and human work by work of machines. It started already before World War Il, but at a
very slow pace. The trend accelerated after the War, when the structure of the agriculture
changed completely, and also with the overall modernization occurring throughout the
developed world (see Figure 3).The work of tractors increased by the factor of 8 in only two
decades after World War IlI; by the factor of 14 by the end of the studied period (the work of
tractors increased from about 1 PJ in the 1950s to 14 PJ after 2000; see Figure 3b); the work
of horses decreased from around 1 PJ in the 1930s practically to zero, and human work
halved between the end of World War Il and the Velvet Revolution in 1989 (from 0.6 PJ in
the 1920s it grew to 0.9 PJ in the 1930s and then continually decreased to less than 0.05 PJ
after the year 2000) (see Figure 3a).
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Fig. 3: Inputs of work into the agricultural system [PJ]: (a) Human and animal work

[PJ]; (b) Work of tractors [PJ]. Sources: own calculations; see text.
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Growing mechanization allowed to migration of workers from agriculture to industry and the
numbers of workers in the agriculture were continuously decreasing throughout the period
approximately by 80% (At the last time period after the Velvet revolution the statistical values
shows bigger decrease than in reality because of the restructuralization of agricultural sector.
Before revolution statistics contain also so called “adjoint production”. So in the reality the
decrease of agricultural workers was not so fast after 1989.)

The consumption of fossil fuels and other external energy uses (e.g., energy used to produce
fertilizers etc.) grew with the increase in mechanization. The input of fossil fuels into the
agriculture peaked in the 1980s with almost 60 PJ and was about 5-6 times higher than in
the 1960s, when it amounted to some 10 PJ (see Figure 4a). The input of fossil fuel
decreased rapidly after the Velvet Revolution with a restructuring of the agricultural
production. After 2000, both the energy input indicators stabilized at the 1970s level: 20-30
PJ of fossil energy input. Chemization went hand in hand with mechanization. Figure 4a
shows the embodied energy used to produce applied fertilizers, which grew from 10 PJ in the
1960s to over 40 PJ in the 1980s. It fell after 1989, and stabilized below 20 PJ around 2000.
Inputs of both fossil fuels and embodied energy of fertilizers per unit of agricultural land
reached their maximums around the year 1980 at 23 TJ/ha, while it was only 4.3 TJ/ha in
1960. Then they fell slightly to 17.3 TJ/ha in 1990, whereafter the decrease accelerated. The
energy input per unit of agricultural land was around 12 TJ/ha in 2001, and 10 TJ/ha in 2005
(Figure 4b).

The chemization caused an unprecedented increase in the yields. Nevertheless, the 35
years of doubling yields (1955-1990) were accompanied by an increase in the application of

artificial fertilizers by the factor of 13 (see Figure 5).
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Fig. 4: Inputs of fossil energy into the agricultural system: (a) Inputs of fossil energy
and energy input from fertilizers (embodied energy used for production of fertilizers)
[PJ]; (b) Inputs of fossil energy and embodied energy of fertilizers per unit of

agricultural land [TJ/ha]. Sources: own calculation; see text.
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Fig. 5: Trend in fertilizers use and yields [%]. Sources: own calculations; see text.
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3.3. Agricultural production

The main indicators of agricultural production presented here are the domestic extraction
(DE) of agricultural biomass (DE), and density of livestock.

DE of agricultural biomass grew from around 240 PJ (around 50 GJ/ha) in the 1920s to
almost 400 PJ (80 GJ/ha) in the 1930s, when it reached its maximum around the year 1932;
then until World War 1l it oscillated approximately around 300 and 350 PJ (60-75 GJ/ha).
After the War, the DE began to grow again. The DE reached its pre-war volumes only in the
1960s. Then it grew in the 1980s to reach its maximum in 1990 (490 PJ; 114 GJ/ha). After
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1990, it started to decline to less than 300 PJ in 2000 (80 GJ/ha) and then it fluctuated
around 300 PJ (60 GJ/ha) (Figure 6). While the DE in absolute values and the DE per unit of
agricultural land reached its pre-war volumes only in the 1960s, the DE per agricultural
worker continued to grow as a result of modernization and growing inputs of fossil fuels into
the agricultural system. The labour productivity and DE of agricultural biomass per worker
increased by the factor of 9 over the observed period, from around 160 GJ/worker to almost

2,000 GJ/worker after the year 2000 (see Figure 6).

Fig.6: (a) Domestic extraction (DE) of agricultural biomass [PJ] and domestic
extraction (DE) of agricultural biomass per agricultural worker [GJ/cap.]. Sources: own
calculations; see text; (b) Domestic extraction (DE) of agricultural biomass per unit of

agricultural land [TJ/ha]. Sources: own calculations; see text.
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3.4. Livestock

The concentration of agricultural production enabled more effective animal production. As a
result of the population's growing welfare, the animal production also grew throughout the
studied period, peaking in the 1980s as well. Figure 7 shows the development of animal
husbandry, or more precisely, the livestock units per area of agricultural land. While the
numbers of cattle were more or less stable (around 3 million heads, increasing only slightly in
the 1970s and 1980s to around 5 million heads, and decreasing after 1989 back to about 3
million heads), its concentration grew with decreasing agricultural land (mainly meadows and
pastures decreased until the 1980s). Hence the cattle density grew from 60 to 65 LSU/km?
and then slightly to 78 LSU/km? in the 1980s. Rapid growth started in the 1980s, when the
density of cattle reached its maximum in 1990 at 82 LSU/km?. After the Velvet Revolution,
the cattle density fell to 33 LSU/km? in 2005 due to the agricultural restructuring.
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The stock of pigs grew from around 10 LSU/km? in the 1920s to over 30 LSU/km? in the
1980s, then fell to about 20 LSU/km? after the year 2000. Other animals ranged between 0.1
and 8 LSU/km?.

The livestock volumes were higher than the agricultural system could support within the
country’s boundary during the communist period. The demand for fodder led to high imports
of agricultural biomass, above all cereals.

The Czech agriculture imported cereals throughout the studied period but the level of imports
peaked from the 1950s to the 1970s, when they reached around 40 PJ. This amounted to

around 10% of all the domestic extraction of agricultural biomass in the same period.

Fig 7: Livestock in Czechia in livestock units (LSU) per km2 of agricultural land.

Sources: own calculations; see text.
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4. Discussion — socio-ecological processes in the Czech agriculture

The eighty-year period studied in this paper was a period of numerous political breaks and
changing political regimes, which also influenced the agricultural system; this has projected
in its energy profile and had heavy impact on the environment during the communist period.
The Czech agricultural production was highly intensified already before World War Il. This is
evident from the increasing areas of root crops and feed grains, which in Bohemia, for
example, had amounted to only 8% in 1848, rose to 29.9% by 1875 and to 37.2% in 1937
(Bartos, 1987). The most noticeable change in the intensity of cultivation is seen in the
decrease of fallow fields from 21.6% to 4.8% in 1875, while by 1937 fallow fields had
disappeared entirely. Yields per hectare more than trebled in the period 1800-1937 (Bartos,
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1987). Similarly as in other countries, decreasing agricultural land is a trend occurring
throughout studied period. Agricultural land decreased by 16% between 1920 and 2005 and
arable land decreased by 20%. The main reason was newly built-up land, mining, transfer to

other categories of agricultural as well as non-agricultural land.

Though the agricultural land reduction in the period 1948—-1990 was substantial, the complex
system of state subsidies and also the Agricultural Land Protection Act (1976) temporarily
slowed the process (Bicik, 2001). Especially less fertile regions enjoyed a high level of
subsidies, which helped many agricultural cooperatives of different forms and state
companies survive economically. But agricultural land changes have been even faster under
the market economy conditions after 1989 (see e.g. Bicik et al., 2007).

During the big changes, the agriculture lost huge numbers of workers. Many of them went
into industry and this trend could be seen throughout the postwar period. This decrease in
labour was offset by mechanization.

Together with East Germany, the Czech agriculture was on the top of the socialist countries
in terms of its mechanization. Higher fertilizer use occurred only in East Germany. But both
were lower than in Western Europe (Haufler, 1984).

In spite of the massive industrialization and rising efficiency, Czechia was never self-
sufficient in food production (if we consider also animal production which were dependent on
feed imports). These processes never balanced the growing consumption and the influence
of decreasing agricultural land.

In 1936, the share of food importation to Czechoslovakia was only 7% of the population's
total calorific consumption. The satisfaction of the nutritional needs was only about 85%
between the Wars. After World War Il, domestic food production covered 91% of the needs
in 1948 and 72.7% in 1962. Higher percentage was reached later in 1966 (82.6%) and in
1967 (86.5%) (Houska, 1971). At the beginning of the 1980s, the food consumption from
domestic production was over 85% (about 95% for animal products) (Haufler, 1984). Czechia
covered its population's protein needs with pork, which is highly demanding in terms of inputs
of grain for fodder. Concentration and intensification of animal production occurred mainly
after the 1960s. Because of the prevalent consumption of pork over beef, grazing was of a
relatively little importance in the Czech agriculture (pigs were fed mainly by cereals). More
important were fodder crops cultivated on the arable land and hay from the meadows and
cereals for fodder (Haufler, 1984). The share of the land devoted to fodder production grew
in its importance until the 1980s and then with the decreasing numbers of livestock after the
Velvet Revolution, the grasslands began to be unused although their share grew further. The
ratio of arable land and grassland reached its maximum in the 1980s at around 4%. It was
3.25% in 1920 and 2.76% in 2005 (see Table 3).
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Table 3: Changes in the Czech agricultural system between 1920 and 2005:
development in the numbers of agricultural workers, arable/grassland ratio, arable
land per inhabitant, number of horses, tractors, application of fertilizers, harvest of

cereals, fodder crops, numbers of cattle and pigs. Sources: Czech Statistical Office.

Agri-
cultural Arablle/ d . ﬁraé)'le/ Horses Tractors Fertilizers  Cereals Fodder Cattle Pigs
workers 2 grasslan inhabitant crops
(1,000 (1,000 (1,000

(1,000) (ha/person)  (1,000) (1,000) tonnes) tonnes) tonnes) (1,000) (1,000)
1920 1,474 3.25 0.38 386 - - 2,259 2,723 3,043 1,563
1925 - 3.27 0.37 456 - - 3,667 3,384 3,451 1,831
1930 972 3.57 0.36 402 3 - 4,265 3,000 3,266 2,066
1935 - 3.61 0.35 402 - - 3,807 2,575 3,105 2,310
1945 1,588 3.50 0.37 449 - 101 - 2,795 3,025 1,724
1950 1,093 3.16 0.38 400 18 115 3,185 2,339 3,077 2,911
1955 1,066 3.25 0.36 333 24 228 3,360 4,346 2,783 3,033
1960 848 3.39 0.35 236 53 322 3,778 3,926 2,987 3,499
1965 755 3.56 0.35 115 88 551 3,442 5,049 3,065 3,859
1970 688 3.60 0.34 75 99 782 4,710 5,955 2,940 3,169
1975 609 3.72 0.33 35 103 985 5,934 6,314 3,188 4,307
1980 556 3.90 0.32 25 101 1,128 6,972 7,060 3,429 4,797
1985 546 4.02 0.32 27 100 1,110 7,884 8,488 3,503 4,299
1990 551 3.93 0.32 27 102 888 8,947 7,444 3,506 4,790
1995 257 3.44 0.30 18 90 279 6,602 5,346 2,030 3,867
2000 181 3.18 0.29 24 95 301 6,454 4,060 1,574 3,688
2005 184 2.76 0.26 21 87 287 7,660 3,047 1,397 2,877

Note: - no available data.

This made the Czech agriculture dependent on imports of cereals and lowered the energy
efficiency of the entire agricultural system. Moreover, the population's cereal consumption
has been above the European average (Houska, 1971).

Czechoslovakia imported more than 2 million tonnes of cereals per year from the Soviet
Union for a long time. But the Soviet Union itself had problems fulfilling the contracted
imports (Kubacak, 1995). According to calculations by Houska (1971), the coverage of this
deficit from domestic production would have required about 12 thousand ha of additional
agricultural land (Houska, 1971).

The postwar period of development in the Czech agriculture can be divided into several

periods (see also Kubacak, 1995).

12 . . . .. . . .

At the last time period after the Velvet revolution the statistical values shows bigger decrease than in reality
because of the restructuralization of agricultural sector. Before revolution statistics contain also so called
“adjoint production”. So in the reality the decrease of agricultural workers was not so fast after 1989.
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4.1. 1920-1938: capitalist agriculture

In spite of the implications of World War I, which ended in 1918, the trend of intensification
that had started already in the 19" century continued in this period. Growing mechanization,
chemization and application of scientific knowledge were the main driving forces in this
period.

The economic crisis of the 1930s was preceded by the agrarian crisis at the end of the
1920s. The fall in prices of agricultural products caused increasing agricultural production
(Kubacak, 1995).

This was part of the technological and scientific revolution, especially of its second phase
(1900-1945), and created the preconditions for the additional increases in fertility and
economic value of land and, consequently, also of the intensification and specialisation in
agricultural production (Bicik et al., 2001).

In terms of the structure of agricultural system, small-sized farms under 20 ha prevailed
(64%), and farms larger than 50 ha constituted only 1% but operated on one fifth of the
agricultural land (Sirucek, 2007). Considerable changes in land holding occurred in this
period on the basis of the Land Reform. The land of the gentry and large estate owners, i.e.,
all arable land exceeding holdings of 150 ha and other land over and above 250 ha, was
confiscated. Under this reformation process, arable land increased by 4.1% in the period
1921-1929 (Bicik, et al., 2001).

4.2. 1949-1960: destruction of the old relations: collectivization

Profound changes in Czechia's physical economy only occurred after World War 1.
Industrialization and boosting industrial and agricultural production were among the key
priorities of the communist administration. Czechia became tightly integrated into the system
of spatial division of labour among the members of the Council for Mutual Economic
Assistance (Comecon; see Bideleux and Jeffries, 2007; Kuskova et al., 2008).

These changes occurred during a historically short period — not only with regard to the
introduction of new production methods, but primarily with regard to the introduction of new
organization of production relations. The socialization of agriculture and rural life was
completed within a very few years. This transformation of the Czechoslovak villages into
cooperative-based farming communities cannot be compared with any similar schemes in
the world (Bartos, 1987). This period was characterized by state intervention into agriculture
and radical change of production and its relations. On the one hand, the state helped by

providing finance and materialization for agricultural mass production, and on the other hand,
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it produced huge material and human victims (see e.g. Jech, 2008). One of the tools for
collectivization was mechanization subsidized by the state.

The structure of the Czech agriculture was changed dramatically over a single decade of the
nationalisation. Instead of hundreds of thousands of small-sized farms, a total of less than
10,000 cooperatives on an average size of 420 ha of agricultural land, and approximately
150 state farms on an average size of 7,000 ha of agricultural land were created.

With few exceptions, private husbandry disappeared and private farmers were
disadvantaged and administratively persecuted by the state and the communist party
structures (Kubacak, 1995).

There were three types of ownership of agricultural land: state ownership, cooperative, and
private ownership, which was formally kept but in reality more and more restricted to the
profit of cooperative ownership (Kubacak, 1995).

The drastic and fast changes had huge impacts on the environment. An overall destruction of
the natural and semi-natural linear elements in the agricultural landscape, drainage of wet
plots, and a general landscape simplification occurred. The growing average plot size led to
soil erosion and decreasing biological diversity. The average size of a field in Czechoslovakia
was 0.25 ha in 1950 and 34 ha in 1980 (Lipsky, 1994) (see also Image 1).

Image 1: Changing landscape structure. Before collectivization (a) and after (b).

Sedlcansko Region, Czech Republic. Source: Stych et al. 2005.
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4.5. 1960-1975: building socialism

The transformation of the agricultural system was followed by a deepening and further
widespread of the socialist modes of production. The main objective was to accelerate the
growth in agricultural production and to reach self-sufficiency through the provision of
material and technical equipment. Agriculture had to be able to provide enough food for the
population and materials for industry. The merging of cooperatives and their production
specialization started hand in hand with this objective.

In addition to all the measures taken by the Czechoslovak state in order to increased the
agricultural productivity, the Czech agriculture was also influenced by the position of
Czechoslovakia in the COMECON. The main task of Czechoslovakia was to quickly develop
its machinery and heavy industry to be able to contribute to the industrialization of other
COMECON countries. This was happening at the expense of the agriculture. One of the
results was the acceleration in the decreasing the numbers of agricultural workers. The high
preference of industry also deepened the intense decrease in agricultural land in this period.
It led also to a high dependency on the Soviet Union in the case of imports of cereals and
other agricultural products (Kubacak, 1995).

Moreover, animal husbandry (mainly production of pork, which is part of the national diet)
gained a high importance within the agricultural production. Animal husbandry showed a long
lag behind the population's needs, but no change occurred until the turn of the 1960s. Meat
consumption grew with the development of intensive animal husbandry, which was ,record-
breaking” — e.g., 86.6 kg per capita in 1982 (Haufler, 1984: 314).

4.6. 1975-1989: the final stage of the socialist agriculture

In this period, the Czech agriculture had already passed though a relatively long time of
socialist centrally planed mode of production, and we can say that it had reached its limits.
Similarly to other socioeconomic indicators (see Kuskova et al., 2008), most of the
agricultural indexes also reached their maximums in the mid 1980s. The Czech agricultural
system entered this period already highly intensified but with all manner of positive and
negative effects. The main factors were the concentration of the agricultural production and
its specialization. Between 1975 and 1980, Czechoslovakia was one of the biggest
producers of rye, potatoes, hops, barley, and sugar beet in the world in absolute terms
(Haufler, 1984: 269).



Petra KuSkova — Socialni metabolismus c¢eského a €eskoslovenského uzemi v dlouhodobé perspektivé 134

4.7. 1989-2004: transformation

The Velvet Revolution in 1989 brought about a new political regime and with it, new
economic conditions, mainly a slump in the subsidies, which was accompanied by a slump in
the agricultural production. Subsidies geared towards increased agricultural production have
been cut and, on the contrary, money is now spent on promoting non-production functions of
farms (aforestation, conversion of arable land to grassland, etc.) (Bicik, 2007).

The land confiscated from private farmers after 1948 has been the subject of restitution.
Much of the agricultural land has been returned to its original owners. The cooperatives were
transformed on the basis of land ownership into two types: (a) ‘transformed’ co-operatives,
where the legal rights of landowners are respected; and (b) agricultural stock companies or
limited liability companies. Only a few farmers have reverted to individual private farming due
to the small sizes of the farms they had owned before 1948 (Bicik et al., 2001) (Table 4
shows the basic characteristics of Czech farms in 2005 shows ).

The major driving forces behind the agricultural changes have been economic after 1989.
The share of arable land has continued to decrease; on the other hand, the forest area has
been increasing. Of prime importance, however, is the rapid increase in permanent
grassland (by 13.8%, i.e. by 115,000 ha, between 1990 and 1999; see Image 2) (Bicik et al.,
2001). For the arable land/grassland ratio, see Table 3.. There are estimates that agricultural
land may have been reduced by up to 20-30 % compared to the acreage in 1990 (Bicik,
2007).

The Czech agriculture, now open to competition from EU states and North America, has
been leading to a more intensive use of fertile land. Less fertile soils are gradually being
converted back into permanent grassland or forests. Similar processes have also occurred in
Austria (see Krausmann, 1999, quoted in Bicik et al., 2001) and farmers now must respond

to national and international market conditions in the EU.
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Image 2: Permanent Grassland Index of change, 1990-2000 (1990 = 100 %). Source:

The database of long-term land use changes in Czechia. http://lucc.ic.cz/lucc_data/
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Table 4: Basic characteristics of Czech farms (2005):

Private Limited Joint-stock Cooperatives Total
(family) liability companies
farms companies
Share of agricultural land (%) 26.4 22.3 22.7 22.4 95.8
Average area of agricultural
land (ha) 327 561.1 1,518.1 1,476.2 80
Share of own agricultural land
(%) 26.5 1.5 0.7 0.6 8.1

Source: Czech Statistical Office


http://lucc.ic.cz/lucc_data/
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5. Summary and conclusions

The social metabolism concept enables us to better understand the current state of the
agriculture and its role in the environmental and sustainability implications. Speaking in the
sociometabolic language, the Czech agriculture has undergone the final stage of the
transition from an agricultural system dependent mainly on solar energy and human and
animal labour with closed nutrient cycles - a controlled solar energy system (see e.g.
Sieferle, 2001) - to a so-called “area independent” industrialized agricultural driven by fossil
energy. This new form of agricultural mode of production could be characterized by open
energy and nutrient cycles with a high input of fossil-fuelled mechanization, artificial fertilizers
and concentration of production influenced by modern knowledge.

A huge increase in new knowledge and improvements have occurred since the last quarter
of the 19th century and brought about fast modernization. The capitalist mode of production
has spread into all sectors of agriculture. Production and capital have concentrated and new
monopolies have occurred. Industry has assumed more importance since the 20th century
and the economic importance of agriculture has decreased. The Czech lands have been
losing their agrarian nature and changed from agro-industrial to industrial similarly to other
economically more developed countries of Europe (Kubacak, 1995). From the biophysical
point of view, the Czech agriculture has undergone similar changes to other developed
agricultural systems. Nevertheless, the changes have been sharper and mostly extremely
destructive. The collectivization after World War Il has had no parallel in the world and has
left behind profound negative effects on the Czech agriculture until the present. Although the
Czech agriculture was not destroyed as much as in neighbouring countries after the War, the
agricultural system recovered from the negative impact of the War and collectivization and
reached its pre-war volumes of production only in the 1960s. The period between the 1970s
and the 1980s was the most intensive in its history, but the gains were overweighed by the
negative environmental effects. Pollution from the high use of fertilizers, and erosion caused
by the plot amalgamation were serious impacts of the massive industrialization of Czech
agriculture at all costs. The collapse of the COMECON in 1989 put the Czech agriculture in a
difficult position as well. Not only the lack of subsidies but the very fast transformation to new
ways of ownership and production and competition on open markets put Czech agriculture to
the position with low ability to compete with imported agricultural products from other
countries.

It is characterized by the permanent tendency to export products with a lower value added
and to import products with a higher value added. This reality has the negative impact on the
trade balance (Doucha, 2004).
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In spite of the growing productivity, mechanization etc., and the growing domestic extraction
of agricultural biomass throughout most of the studied period, the Czech agriculture was
never self-sufficient because of high volumes of livestock. It was the main objective of the
communist government already in the years after World War Il. Today, the agricultural
system is experiencing an ongoing transformation and there is no objective to provide the
population with a prevalent proportion of food: high quantities of food are imported. The
Czech agricultural system is now in a difficult position as it has faced new economic
conditions such as global markets since joining the EU. The open markets lead to the
importation of cheaper agricultural products into the Czech Republic, which has negative
effects on the Czech agriculture and may have negative impacts into distant future.
Compared with the situation in the developed countries (with exceptions like the market of
agricultural machinery), Czech agrarian market is not developed in the whole chain (inputs —
primary agricultural production — processors — sale) (Doucha, 2004).

Agricultural land is also often built up at present. Very often it its role is rather that of
landscape formation than food provision. The changing role of the Czech agriculture has also
led to a very negative unsustainable trend of building of new factories on “greenfields”;
moreover, on the highest quality soils. The trend of importing agricultural products from
abroad and devoting agricultural land to other purposes such as building, etc., is not

sustainable in the long term.
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This study presents fossil-fuel related CO; emissions in Austria and Czechoslovakia (current Czech
Republic and Slovakia) for 1830-2000. The drivers of COz emissions are discussed by investigating the
variables of the standard Kaya identity for 1920-2000 and conducting a comparative Index Decomposi-
tion Analysis. Proxy data on industrial production and household consumption are analysed to
understand the role of the economic structure. CO; emissions increased in both countries in the long
run. Czechoslovakia was a stronger emitter of CO; throughout the time period, but per-capita emissions
significantly differed only after World War I, when Czechoslovakia and Austria became independent. The
difference in CO; emissions increased until the mid-1980s (the period of communismin Czechoslovakia),
explained by the energy intensity and the composition effects, and higher industrial production in
Czechoslovakia. Counterbalancing factors were the income effect and household consumption. After the
Velvet revolution in 1990, Czechoslovak CO; emissions decreased, and the energy composition effect (and
industrial production) lost importance. Despite their different political and economic development,
Austria and Czechoslovakia reached similar levels of per-capita CO; emissions in the late 20th century.
Neither Austrian “eco-efficiency™ nor Czechoslovak restructuring have been effective in reducing CO,

emissions to a sustainable level.

1. Introduction

Global climate change is one of the most severe global environ-
mental consequences of industrialization. Since about 1750, when
the use of fossil fuels took off with the onset of industrialisation in
the United Kingdom, the atmospheric CO, concentration has risen
from its long-term average of around 280 ppm to 379 ppm in the
year 2005 (IPCC, 2007). This increase is the largest contributor to
global climate change. Most of the atmospheric CO, increase (75%)
can be attributed to the burning of fossil fuels and cement
production, while the remainder is caused by land use change
(IPCC, 2007).

In recent years, CO, emissions have increased at an even faster
pace than expected in scenarios of the intergovernmental panel on
climate change (IPCC) due to strong economic growth, an increase
of carbon intensity (i.e. the amount of carbon emitted per unit of
economic output) and increased population growth (Canadell et al.,
2007: Raupach et al., 2007). Different nations and regions have
contributed to global CO, emissions in very different ways.
Raupach et al. (2007) assessed that the US, Europe and Japan

* Corresponding author, Tel.: +43 1 5224000 418; fax: +43 1 5224000 477,
E-mail address: simone. gingrich@uni-klu.ac.at (5. Gingrich).
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@ 2010 Elsevier Ltd. All rights reserved.

account for more than 60% of all CO, emissions that have
accumulated in the atmosphere between 1751 and 2004.

In order to develop effective policy measures to combat climate
change, an understanding of the underlying causes of CO. emissions is
indispensable. Previous comparative studies have shown that the
drivers for CO, emissions in the late 20th century differ substantially
in different countries (Ang and Zhang, 1999; Sun and Malaska, 1998;
Luukkanen and Kaivo-oja, 2002; Ebohon and Ikeme, 2006; Ang and Liu,
2006). One conclusion of these studies is that the level of
economic development has a great impact not only on the amount
of CO, emissions, but also on the drivers behind them (see Fan
et al., 2006).

While a number of studies investigates the drivers for CO, emissions
for specific countries ( Diakoulaki et al., 2006; Friedl and Getzner, 2003;
Zhang et al, 2009; Kojima and Bacon, 2009) or sectors in specific
countries (Diakoulaki and Mandaraka, 2007; Liaskas et al., 2000) in
recent decades, usually starting from around 1970, comparatively little
waork has been undertaken to understand the long-term changes of CO,
emissions since the beginnings of industrialisation (Bartoletto and
Rubio, 2008; Tol et al., 2009; Lindmark, 2002; Lindmark, 2004 ). Long-
term analyses of CO. emissions shed light not only on specific
industrialisation patterns of particular countries, but also generate
insights regarding the industrialisation process itself, that today's
industrialised countries have pursued and that developing countries

Please cite this article as: Gingrich, S., et al., Long-term changes in CO, emissions in Austria and Czechoslovakia—Identifying the drivers
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are, to a large extent, following (Unruh and Carrillo-Hermosilla, 2006).
An understanding of long-term changes in the interrelations between
societies and their environment is important if we aim to find different,
more sustainable pathways, not only for today's developing countries,
but also - and in particular - for the industrialised world (Costanza
et al., 2007).

In this study, we contribute to this understanding by providing a
long-term analysis of fossil-fuel-related CO. emissions in two
industrialised Central European regions, Austria and Czechoslovakia
(current Czech Republic plus Slovakia, will be termed “Czechoslo-
vakia” throughout the text) for the time period from 1830 to 2000,
based on country-specific calculations. These two regions appear as
promising case studies for comparison because of their political and
economic history: Austria and Czechoslovakia belonged to the same
economic entity - the Habsburg Empire - until the early 20th
century. In the 20th century, their economic development followed
entirely distinct trajectories. After the collapse of the Austro-
Hungarian Monarchy, the interwar-period and Austria’s Anschluss
to Germany during World War II, Austria became a social market
economy with an increasing degree of European integration, and
joined the European Union in 1995. Czechoslovakia on the other
hand, an independent state after the collapse of the Monarchy,
joined the Eastern Block as a planned economy after World War Il
and became an important supplier of the Eastern Block's COMECON
market. In 1989, with the Velvet Revolution, Czechoslovakia turned
away from communism, in 1993, it separated into Czech Republic
and Slovakia, and in 2004 the two countries joined the European
Union. While the political and economic history of 20th century
Czechoslovakia and Austria differs strongly, the two regions are
similar in many other respects, such as geographic position or
population density. A comparison of these two countries — while
focusing on Central Europe - sheds light on the differences in the
interrelation between societies and their environment which are
related to political and economic disparities.

We discuss CO, emissions in Czechoslovakia and Austria for the
time period 1830-2000. The “Kaya identity” (Kaya, 1989;
Waggoner and Ausubel, 2002; Canadell et al., 2007) decomposes
the drivers for a country's CO» emissions into contributions from
population, income, energy intensity of the economy and energy
composition. In this article, we analyse these variables and then
perform a comparative Index Decomposition Analysis for the
period from 1920 to 2000 to understand the relative
contribution of the different variables to the difference in CO,
emissions between the two countries. In order to discuss the role of
economic structure (for which no comprehensive data are available
for the entire period), we analyse proxy data for industrial and
private energy consumption.

Table 1
Factors used to convert units of energy (T), Terajoule) to units of CO; (metric tons),
Sources: Haberl (1995); CHMI (2009); BMWA (1990).

2. Materials and methods

2.1. Energy and CO> emissions datasets

The analysis is based on time series data on fossil-fuel-related
CO; emissions for the two regions Austria and Czechoslovakia with
yearly data from 1830 to 2000. These datasets were established
based on previously published data on the energetic metabolism of
the two regions (Krausmann and Haberl, 2007; Kuskova et al.,
2008 ). The methodology to assess fossil-fuel-related CO, emissions
was largely adopted from a previous study on Austria's carbon
metabolism (Erb et al,, 2008).

The datasets on socio-economic energy metabolism are based on
yearly national (or regional) statistical publications, as well as some
modelling assumptions (for detailed descriptions of sources and
methods, see Krausmann and Haberl, 2007; Kuskova et al,, 2008).
Both of these studies face the problem of changing political
boundaries and rely on national and regional data for different
time periods. This has particular impact on the quality of data on
foreign trade (which was not considered “foreign” trade in the 19th
and early 20th centuries when the regions both were part of the
Habsburg Empire). For the case of Austria, it is however possible to
keep the same (or a quite similar) area of reference throughout the
entire time period. For the case of Czechoslovakia, this is not the case:
from 1830 to 1915, all data refer to Bohemia plus Moravia (similar to
today's Czech Republic), while all later data refer to Czechoslovakia,
i.e. today's Czech Republic plus Slovakia. Distortions due to this shift in
the area of reference will be discussed with the results. We consider
the same area of reference (Czech Republic plus Slovakia) after the
separation of the two countries in 1993 in order to be consistent with
the earlier data. This enables us to depict the medium-term effects of
the end of communism. However, with the different economic
developments in the Czech Republic and Slovakia, we end our
analysis in the year 2000. The further addition of data of two
increasingly different countries would have yielded results which
are very difficult to interpret.

The datasets on the energetic metabolism (Krausmann and
Haberl, 2007; Kuskova et al., 2008) include data on primary energy
consumption of all socio-economically processed energy carriers
(including biomass used as technical energy, but also as food and
feed). This study is confined to CO; emissions from fossil fuels and
cement production. We use the data on primary energy
consumption of fossil fuels (i.e. hard coal, brown coal, crude oil
and natural gas) to calculate the amount of net-CO, emitted to the
atmosphere every year: we convert the primary energy from gross
to net calorific values and apply CO contents for all fossil energy
carriers to obtain the amount of CO, (see Table 1). Since the quality

Unit Both countries Austria Czechoslovakia
Brown coal
Gross calorific valuefheating value M 1.19
t CO; per T] heating value tfT) 97 100
Hard coal
Gross calorific value/heating value 1) 1.04
t COy per 1] heating value tf1] 97 93
Crude oil
Gross calorific value/heating value 1 1.06
t CO; per T] heating value 1) 70 73
Natural gas
Gross calorilic value/heating value 1] 1.1
t CO; per T heating value 1) 52 56
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of the energy carriers and the type of use differs in the two
countries, country-specific values of CO, emissions per unit of
energy are applied (BMWA, 1990; CHMI, 2009). CO; emissions from
cement production, which are not included in the datasets on the
energetic metabolism of the two countries, are obtained from the
CDIAC database (Marland et al., 2000). The totals of CO» emissions
are consistent with the time series of Marland et al. (2000), though
they differ slightly in the period before World Warl (when Marland
etal. have higher estimates of CO; emissions) and in the mid-1980s,
when our estimate is 10-20% higher.

CO; emissions or uptake of carbon related to land use change or
the combustion of biomass were not included in this analysis.
Studies for Austria have shown that carbon stocks in vegetation did
increase in the period under investigation (Gingrich et al., 2007),
but these were overwhelmed by the total CO; emissions,
dominated by emissions from fossil fuels (Erb et al., 2008).

The CO; datasets are complemented by data on population
available in Krausmann and Haberl (2007) and Kuskova et al.
(2008), as well as data on GDP (Maddison, 2003, GDP in 1990
Geary-Khamis-US-Dollars). Unfortunately, the area of reference for
Czechoslovak GDP differs from all the other indicators in the period
1830-1920. Therefore we can only investigate the explanatory
variables in detail for the time period 1920-2000.

Identifying and quantifying the drivers of emissions trends is
the goal of a great variety of methods. We employ two formal
methods in this study: simple factorization and Index Decomposi-
tion Analysis. The former method generates an understanding for
trends in the explanatory variables, while the latter formally
assesses the absolute and relative importance of the different
variables in explaining the differences in CO; emissions between
the two countries. In addition to this, selective proxy data on the
economic structure of the two countries are presented to discuss
the role of the industrial sector and private consumption for
explaining the different CO,-emission pathways in Austria and
Czechoslovakia.

2.2, Factorization through the Kaya identity

In order to compare the differences in drivers of CO; emissions
between Austria and Czechoslovakia, we use the standard Kaya
identity (Kaya, 1989; Waggoner and Ausubel, 2002; Canadell et al..
2007). It factorizes total fossil-fuel related CO» emissions (C) as a
product of the driving forces population (P), per-capita Gross
Domestic Product (G=GDP(P), energy intensity of the economy
(inour case: Domestic Energy Consumption per GDP, | =DEC/GDP),
and carbon intensity of energy consumption (F=CO0,/DEC), as
follows:

Cp =Py Gy Iy B (1

The subscript k denotes the country. This simple factorization
can be done for both countries in parallel, thereby allowing a
comparison of the evolution of the different factors over time.

2.3. Index Decomposition Analysis

Inorder to take full advantage of the data relating not only to the
aggregate factors used in the Kaya factorization, but their composi-
tion, we then conduct a cross-country Index Decomposition
Analysis on the difference in CO, emissions between Austria and
Czechoslovakia.

We use the Log Mean Divisia Index (LMDI) method. This method
is preferred because it is symmetrical and provides perfect
decomposition (does not leave a residual term). The LMDI method
is often applied to quantify change over time within a single
country (Ang et al., 1998; Ang, 2004, 2005), but can also be applied

to cross-country studies (Zhang and Ang, 2001; Bartoletto and
Rubio, 2008). In this way, we compare the contribution of the
effects of population, income, energy intensity and energy
composition to the differences in CO; emissions between the
two countries every year, to identify similarities and differences
between the two countries over time.

The emissions of each country can be written as

G=P Gy JkZSk,r' Fiei (2)
7

where Cy, Py, Gy and [, are as in Eq. (1), and Sy is the share of energy
source i (Ej/E) and Fi;is the carbon content of energy source i (G/E;).
According to the LMDI, the difference between the emissions of
both countries is thus

AC=C~Ca=Pc G k> SciFei~PaGalay_SaiFai
i i

= ACp+ACe +AG +ACr+AGs 3)

The subscripts ¢ and a denote Czechoslovak and Austrian
quantities, respectively, The factor ACe quantifies the difference
in emissions due to population, or population effect, AC; is the
income effect (due to G), AC, is the energy intensity effect (due to ),
ACr is the emission coefficient effect (due to F) and ACs is the fuel
share effect (due to S). The reason to measure C.—C, rather than
Ca—Ce is that the first is always positive.

The formulae for the cross-country decomposition factors are:

_ 1 Pe Cei—Cai
Alpaeln (P;.') z IN(Coi/Col)
CNes Coi=Cij

AC, =In( r) i e
< Ga ll‘ In(Cei/Ca i)

AG=In Gf) = Coi~Cas
o i

Ing CC,I‘.’";CCI.I' )
= IF G
acr= yn(5l) et
5 21‘ Fai) IM(Cei/ Ca)
— S\ Cei—=C
ACs = m( ‘-‘) ci—tal @)
s 2,‘ Sai/ In(Cey/Cay)

The LMDI method thus provides five factors for each year of
comparison, adding up exactly to the difference in Czechoslovak
and Austrian CO; emissions,

24. The role of economic structure

Since no comprehensive data on the economic structure of the
two countries is available for the entire time period, we use proxy
data on the economic structure to complement the results from the
index decomposition analysis and challenge the hypotheses
derived from them. The output of iron (Mitchell, 2003; Hwaletz,
2001; the online-database of the United States Geological Survey
at http://minerals.usgs.gov/minerals/pubs; the online-database of
the World Steel Association at www.worldsteel.org; and data
provided by the Czech Statistical Office) serves as proxy for the
importance of the industrial sector, and car ownership( provided by
Mitchell, 2003; Statistik Austria; the Ministry of Transport of the
Czech Republic and the online-database of Eurostat at http://epp.
eurostat.ec.europa.eu/portal/page/portal/statistics/themes) relates
to private consumption. Data on final energy consumption for
industry and transport was obtained from the International Energy
Agency, from 1960 onwards for Austria, from 1971 onwards for
Czechoslovakia (IEA, 2007). These data refer to final energy
consumption, i.e. energy use after transformation losses, as
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opposed to primary energy consumption which is used for all other
analyses in this article. In contrast to the formal analysis performed
to investigate the Kaya identity, the effect of economic structure
on the differences in COs emissions between Austria and
Czechoslovakia will be more descriptive. Temporal trends in the
differences of our economic structure data will be compared to
those of CO, emissions.

3. Results and discussion

3.1. CO; emissions in Austria and Czechoslovakia 1830-2000:
similarities and differences

As is the case for every industrialised country, in Austria and
Czechoslovakia, CO, emissions have increased since 1830. How-
ever, this increase has taken extremely different forms. Fig. 1aand b
present per-capita emissions of CO, in both economies for the
different energy carriers. It may seem obvious to use population as
a scaling factor for emissions, but it is theoretically conceivable for
a country's emissions to be linked more closely to other factors.
Multivariate cross-country STIRPAT analyses (Dietz and Rosa,
1997; York et al., 2003) have shown that population is usually
found to be proportional to CO, emissions.

Until the early 20th century - i.e.in the period when Austria and
Czechoslovakia belonged to the same political entity - per-capita
€O, emissions in Czechoslovakia and Austria developed in quite a
similar pattern. Though the use of coal took off earlier in

a
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Fig. 1. Fossil CO; emissions in Austria (a) and Czechoslovakia (b} in metric tonnes
COy per capita and year, total and per energy carrier.

Czechoslovakia and caused higher CO. emissions in the mid-
19th century, per-capita-values stabilised around a similar level
as in Austria (3.5 t CO/cap/yr) before the beginning of World War L.
The unity under the Habsburg Monarchy led to similar consump-
tion patterns, but masked a fundamental difference in the situa-
tions of the two countries: Czechoslovakia is home to significant
coal deposits, and was a major coal extractor since the 19th
century, whereas Austria has but few fossil fuel deposits.

This inequality in resource endowment becomes visible in CO»
emissions of the interwar-period, when the two regions split into
separate countries. In coal-rich Czechoslovakia, CO, emissions
grew continuously in the 1920s and decreased for a few years
during the world economic crisis of the early 1930s. In coal-
deprived Austria, on the other hand, fossil CO, emissions slumped
directly after the collapse of the Habsburg Monarchy. Here too, the
economic crisis had a severe effect on emissions. After World War
I, CO, emissions grew extremely steeply in Czechoslovakia, reach-
ing almost 18 t CO,/cap/yr in the 1980s. With the collapse of the
Eastern Block and the restructuring of the Czechoslovak economy,
emissions dropped to about 12 t/cap/yr in 2000. While emissions
also grew in Austria during this period, they never attained even
half of the Czechoslovak peak value. Interestingly, CO, emissions in
Austria reached their current level of around 8 t/cap/yr already in
the late 1970s and stabilised from then on.

Coal was by far the most important energy carrier until the
beginning of World War Il, making up for more than 90% of all
fossil-fuel-related CO, emissions. From the 1930s, there are
increasing differences in the composition of CO; emissions: In
Czechoslovakia, coal continued to be the most important source of
CO; emissions throughout the 20th century. Even though its share
in total CO, emissions declined steadily, coal still contributed more
than 70% to all CO; emissions in 1990, with crude oil being the
second most important CO; source, and to around 60% in 2000
when natural gas became roughly as important as crude oil. In
Austria, coal lost importance much more quickly and was over-
taken by crude oil as most important source of CO, emissions
already in the mid-1960s. Crude oil kept itsimportance throughout
the 20th century, while CO, emissions from coal reached similar
levels as those from natural gas around 1980 and stayed at similar
levels until the year 2000 (between 1 and 2 t COy/cap/yr).

The similarities in the two countries are, firstly, that CO,
emissions increased during the process of industrialisation, and,
secondly, that there is a certain sequence in the increasing
importance of energy carriers in terms of CO, emissions, even
though the point in time and the extent of their contribution varies:
coal was the first important source, then crude oil gained impor-
tance, and later natural gas. These two observations are closely
related to changes in the energetic metabolism during industria-
lisation, which have been described for Austria (Erb et al., 2008,
Krausmann and Haberl, 2007), Czechoslovakia (Kuskova et al.,
2008), and for a number of other European countries (Schandl and
Schulz, 2002, Bartoletto and Rubio, 2008, Gales et al., 2007, Kunnas
and Myllyntaus 2009) and compared with developing countries
(Marcotullio and Schulz, 2007 ). These observations on the fuel shift
or energy transition thus seem to hold true for industrialisation
processes in general (Griibler, 2004)—however the extent and
duration of the “coal stage” differ strongly among countries.

The differences in CO» emissions between Austria and Czecho-
slovakia became important only after World War I, when they
became separate countries. Particularly in the period between
1945 and the mid-1980s, the two countries followed very different
pathways in terms of extent and composition of their CO, emis-
sions. These differences owed largely to the much higher emissions
from coal in Czechoslovakia, From the late 1980s however, and in
particular after the Velvet Revolution in 1989, CO, emissions
declined in Czechoslovakia and somewhat converged with the
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Austrian level. This insight encourages us to focus the analysis of
the socio-economic drivers of CO; emissions on the period after
World War 1, as we will do in the next section.

3.2, Drivers of COz emissions—the Kaya identity and its factors

The drivers of CO» emissions can be assessed using the factors
expressed in the Kaya identity (Eq. (1)): population (P), income (G),
energy intensity of the economy (I) and carbon intensity of energy
consumption (F). Data availability permits this analysis only for the
time period 1920-2000. The data are presented in Fig. 2.

CO, emissions in absolute terms were higher in Czechoslovakia
than in Austria throughout the entire time period. The pattern of
their development is similar to that of the per-capita values which
have been described in the previous section. It is interesting to note
that Austria's absolute CO, emissions increased continuously with
one break in the 1930s and roughly stabilised since the early 1970s,
while Czechoslovakia's growth of CO, emissions experienced two
periods of distinct absolute decrease: one during the world
economic crisis in the early 1930s, and a second, longer and
stronger one in the late 1980s and 1990s.

Population in Czechoslovakia was almost twice that of Austria
since the 1920s. While it grew fairly continuously during the time
period in Austria, Czechoslovak population strongly decreased
after World War I, related to the transfer of German-speaking
minorities out of the country.

Income was similar in the two countries during the interwar-
period at 2000-3000 $/cap/yr, but increased much more steeply in
Austria after World War Il, reaching 20,000 $/cap/yr in 2000. In
Czechoslovakia, the breakdown of communism went along with a
brief, but strong decline of GDP in the early 1990s, and the 1989
value of roughly 9000 $/cap/yr was reached again only in 2000.

The energy intensity of the economy was consistently and
significantly higher in Czechoslovakia than in Austria during the
entire time period. In both countries it declined over time. The
interwar-period was characterised by fairly high energy intensities
in both countries (45M)]/$ in Czechoslovakia and 25 M]J/$ in
Austria). In Czechoslovakia, energy intensity decreased rapidly
after the late 1920s. From after World War Il to the late 1980s,
energy intensity was relatively stable in Czechoslovakia around
35 MJ/$, while it decreased steadily in Austria from the mid-1950s
toonly 10 MJ/$ in 2000. From the early 1990s, Czechoslovak energy
intensity sunk, and in 2000 the value was below 25 M]/$—in the
pre-1950s Austrian range.

The composition of Domestic Energy Consumption (DEC) in the
two countries differed remarkably, particularly after World War I1. In
the interwar-period, biomass dominated in both countries; however,
the share of coal was higher in coal-producing Czechoslovakia than in
coal-importing Austria. After World War II, both countries shifted to
higher shares of fossil fuels, but in Czechoslovakia, coal was the most
important fossil energy carrier (dominated by brown coal), while in
Austria, coal was soon replaced by crude oil as the most important
fossil fuel, and both hydropower electricity and natural gas gained
importance. Since the 1980s, and particularly after 1990, also in
Czechoslovakia the share of natural gas and primary electricity,
mainly from nuclear power, went up, while coal lost importance.

The combination of these factors can be summarized as follows:
population was larger in Czechoslovakia, whereas Austria’s income
was much greater in the second half of the 20th century. The larger
energy intensity plus the more carbon intensive energy supply of
Czechoslovakia, counterbalanced by the higher Austrian income,
resulted in much larger carbon emissions in Czechoslovakia. The
comparative Index Decomposition Analysis presented in the next
section assesses the absolute and relative importance of the
different variables over time.

3.3. Comparative Index Decomposition Analysis of CO» emissions

We use the variables discussed above (population, income, energy
intensity and energy composition), along with the carbon contents of
the energy carriers, to perform a comparative Index Decomposition
Analysis, in order to quantify their importance in explaining the
difference in CO, emissions between Czechoslovakia and Austria in
the period from 1920 to 2000.

Fig. 3 depicts the results of the Index Decomposition Analysis,
(a) as totals, and (b) as shares of the total. By adding the positive
contributions (above the horizontal axis) and the negative (below),
one obtains the total difference in CO, emissions (100% in Fig. 3b),
indicated by the black line. Variables explaining the higher CO,
emissions in Czechoslovakia throughout the entire time period are
population, energy intensity, and energy composition. Except for a
few years after World War 11, income was a counterbalancing factor
against these in the entire period. The difference in CO, emissions,
as well as the importance of the different factors varied over time.
The carbon contents of energy carriers accounted for no more than
3% of the difference between the two countries and will thus not be
further discussed.

The difference in total CO; emissions was fairly small in absolute
terms in the interwar-period (below 50 million tonnes CO,/yr), and
increased in the 1950s—1970s to over 200 million tonnes CO./yr in
the 1980s. After 1990 the difference decreased quickly to just over
100 million tonnes CO»/yr in 2000.

The population effect was a constant and important explanatory
factor throughout the time period. Its relative importance was
greatest in the interwar-period, but declined in the early afterwar
period. From 1990 the relative importance of the population effect
increased again slightly.

Energy intensity was the most dynamic of the positive expla-
natory variables. Its relative importance declined in the interwar-
period. However, energy intensity became increasingly important
quickly after World War Il and, from the mid-1960s onwards, it was
the strongest explanatory factor for the difference in CO; emissions
between Austria and Czechoslovakia. This is consistent with the
abservation that energy intensity in Central and Eastern European
countries in the 1980s was one of the highest in the world (Urge-
Vorsatz et al., 2006). Interestingly however, the energy intensity
effect even gained relative importance after the collapse of the
communist regime. This indicates that the Czechoslovak decline in
income was stronger than the decline in energy consumption in the
1990s, as compared to the developments in Austria.

Another astonishing feature of the differences between Austrian
and Czechoslovak CO, emissions is the development of the composi-
tion effect, which describes the effecr of the composition of energy
supply, Its absolute and relative importance grew from the mid-
1920s. After World War I, the composition effect grew at the same
pace as total differences in CO, emissions and remained a constant
explanatory factor. Quite surprisingly, the relative importance of the
composition effect remained constant after the Velvet Revolution.

Both the increasing relarive importance of the intensity effect
and the constant relevance of the composition effect can be
understood only fully when we consider the counterbalancing
effect of income (negative sign in Fig. 3a and b). Throughout the
entire period (with only one exception in the early post-war years),
the income effect alone would have made Austria a bigger emitter
than Czechoslovakia. In absolute terms, the income effectincreased
after World War 1l and stabilised around 1990. However, the
relative importance of the income effect became particularly
important after 1990—all other explanatory variables lost impor-
tance in absolute terms, while the income effect stayed stable.

From this analysis we can distinguish three principal stages:
(1) the interwar-period with little dynamics when the population
effect was the strongest, with decreasing importance of energy
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Fig. 2. Factorsinthe Kayaidentity used in the Index Decomposition Analysis: CO; emissions (a), population (b), income (¢}, energy intensity (d), energy composition in Austria
(e) and Czechoslovakia ([, 1920-2000.

intensity and increasing importance of energy composition: (2) the astonishingly even increases in all effects analysed; and (3) the
post-war period until the mid-1980s with increasing differences in period from 1990 to 2000, when the difference in CO; emissions
CO; emissions between Czechoslovakia and Austria, explained by went down, and the role of income gained relative importance.
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34. Economic structure in Austria and Czechoslovakia

Data on iron production in Austria and Czechoslovakia serve as
proxy data for the industrial sector. Iron production is a particularly
energy intensive industrial process, but the amount and type of
energy used to produce a unit of output varies considerably
between countries (Worrell et al, 1997). Iron and steel
production were important parts of the industrial sector in both
countries throughout the investigated time period, and subject to
heavy political interventions. After World War I, the Austrian iron
and steel industries (“VOEST"), which had been expanded during
the War, were nationalised and formed an important part of the
European Recovery Programme. Czechoslovakia on the other hand
produced large amounts of iron and steel for the COMECON market.

Fig. 4 depicts iron' production per capita and year in Austria and
Czechoslovakia for the period 1920-2000, as well as data on final
energy consumption in the industrial sector and the share of coal in
industrial final energy consumption. After World War I, the
development of iron production in the two countries was some-
what similar to that of CO, emissions: the greatest differences
occurred in the 1970s and 1980s, when Austria produced between

! The data we use here refer to iron production only and do not include steel,
because consistent data were available for long time periods for iron only. Cross-
checks with steel production show that steel production in both countries seems to
follow similar trends as iron production, though in total the values for steel
production are higher in both countries.

y-axis), and share of coal in industrial final energy consumption (right y-axis). Note
that industrial energy consumption refers to final energy consumption as opposed
to primary energy consumption discussed earlier in the text.

450 and 500 tons per capita and year, and Czechoslovakia more
than 600 tfcap/yr. It is thus plausible to assume a certain correla-
tion between industrial production and the difference of CO2
emissions between Czechoslovakia and Austria.

Other factors such as energy efficiency and CO, intensity in
industrial production also seem to have played relevant roles, since
in the 19505 and 1960, as well as in the 1990s, iron production
levels were very similar in the two countries, while CO; emissions
were higher in Czechoslovakia. This is supported by the fact that
Czechoslovakia used more final energy (with a much higher share
of coal) in industry than Austria.

The proxy data for the relevance of the industrial sector seem to
follow similar trends as the differences in CO; emissions between
Czechoslovakia and Austria—the development of the industrial
sector thus seems to correlate with the differences in CO, emissions
between the two countries in the observed time period.

In order to understand the role of private consumption in CO»
emissions we analyse data on car ownership. Other activities than
driving have high impacts on CO» emissions of households. One
important factor which we cannot consider in this study due to a
lack of data is residential energy use. However, the number of cars
is a relevant figure because it stands for a new kind of consumer
culture which developed after World War I1 in most of Europe (see
e.g. Pfister, 1995).

Fig. 5 displays the number of cars per 1000 inhabitants, and
compares it to values of domestic energy consumption of crude oil
(whichis not exclusive to transportation uses, since it is also used in
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industry, heating and electricity production) as well as to final
energy consumption in transport. Car ownership increased much
sponer in Austria than in Czechoslovakia, and remained larger until
2000. In 2000, every other Austrian owned a car, while in
Czechoslovakia, there was less than one car per three inhabitants.

In Austria, the higher car ownership went along with more final
energy used for transport. In Czechoslovakia, transport energy per
capita and year increased from the early 1980s onwards (and more
strongly from the early 1990s) and reached half the Austrian value
at around 100 GJ/cap/yr in 2000. The per-capita consumption of
crude oil peaked in the mid-1970s in both countries, and then
stabilized or decreased. Effectively, when oil became precious, it
was substituted by other carriers for the other applications, but
remained dominant in transportation.

The differences in private consumption thus did not follow
similar trends to CO, emissions. Austria’s CO, emissions were
lower in the early afterwar-period, while car ownership was higher.
However, between 1990 and 2000 with the stabilisation of oil
consumption and the increase of transport energy in both coun-
tries, the difference between the two countries stabilised.

4. Conclusion

In this last section, we will briefly sum up the differences
and similarities berween Austria and Czechoslovakia in terms of their

long-term changes in CO, emissions, and draw some conclusions. We
can distinguish four stages with respect to the extent of the differences
in CO, emissions between Austria and Czechoslovakia and the socio-
economic drivers behind them in the period from 1830 to 2000:

The first stage is the period when Czechoslovakia and Austria were
part of the industrialising Habsburg Empire, i.e. from the beginning of
our period until World War L. In this period, CO, emissions developed
very similarly in the two countries, as coal slowly replaced wood as
the most important technical energy carrier.

The second period is the interwar-period, i.e. around 1920-
1938. During this period, the difference in CO; emissions was larger
than before, because Austria - now no longer part of a large
economic unit endowed with coal - used less coal than before
World War 1. In this period, the most important explanatory
variable for the difference is population.

The third stage, from after World War Il to the mid-1980s, is
characterised by increasing differences in CO, emissions. These
differences are explained by relatively evenly rising importance of
all effects investigated: energy intensity, energy composition and
population—counterbalanced by the income effect. Interestingly,
energy intensity was not the single most important factor during
this period, as has been previously suggested (Urge-Vorsatz et al.,
2006). In terms of economic structure, the importance of the
industrial sector contributed to these differences, while private
consumption acted as counterbalance.

The differences between the two countries in terms of CO,
emissions ceased to increase already before the fall of the iron
curtain. And from 1990 to 2000, we observe a convergence in CO;
emissions. This was related to a strong decrease of coal consump-
tion in Czechoslovakia associated with a restructuring of industry,
which lowered the importance of the energy composition effect.
Also, the effect of energy intensity declined, while the importance
of income as counterbalance became relatively more important.

The differences in CO; emissions between Austria and Czechoslo-
vakia are inour view overshadowed by some very general similarities.
Firstly, CO, emissions from fossil fuel use increased during the
industrialisation process. Secondly, a fuel shift from biomass to
coal and later to crude oil, natural gas and electricity can be observed.
Along with this shift went a stabilisation or even decline of CO,
emissions in the late 20th century. These features have also been
observed in other European countries (Kunnas and Myllyntaus, 2009;
Bartoletto and Rubio, 2008; Krausmann et al., 2008; Tol et al., 2009)
and seem inherent to industrialisation in general.

The examples studied here underline the fact that there does
seem to be a common pattern of CO, emissions development
during industrialisation. Despite the fact that the two economies
followed very different economic and political paths for several
decades in the 20th century (during which CO, emissions differed
substantially), current CO, emissions are at a strikingly similar
level. The comparison of the two countries shows that two
extremes, an “eco-efficient” country, as Austria could be viewed,
and previously communist, restructuring countries like the current
Czech Republic and Slovakia end up with CO, emissions which are
more than double the global average (which, as it is, is not
sustainable). One could say that neither Austrian efforts towards
eco-efficiency nor Czech and Slovak restructuring resulted in
anything close to sustainability. Thus, a fundamentally new
economic structure with different ways of production and con-
sumption is needed for a future shift towards sustainability. This
will also require radically new policy measures.
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