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Proc tento model?

Vv

@ zajimavé téma, asi nejzndméjsi systémovy model
@ dobre popsany
@ ukazka procesu modelovani, analyz modelu

@ relativné stary model — Ize ilustrovat dopad, kontext
modelovani

... ale také dost kontroverzni
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Historie

Club of Rome — nevladni organizace zabyvajici se
mezindrodnimi politickymi problémy

e J. W. Forrester: World Dynamics (1971)

@ Donella Meadows, Denis Meadows, Jorgen Randers:
Limits to Growth, 1972

Dynamics of Growth in a Finite World, 1974
Beyond the Limits, 1993

Limits to Growth: 30-Year Update, 2004
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Ucel knih

Upozornit na zdanlivé ziejmy fakt, ze

V omezeném svété neni mozny neomezeny rilst )
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Ucel modelu

Zkoumani interakce lidské civilizace s nosnou
kapacitou planety

Jak mize expandujici globalni populace a ekonomika
interagovat a adaptovat se na nosnou kapacitu Zemé béhem
nasledujicich nékolika desetileti?



scénare

carrying
capacity

» population

time —>

a) Continuous Growth b) Sigmoid Approach to Equilibrium

c) Overshoot and Oscillation d) Overshoot and Collapse
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Pravdépodobny soucasny stav

ecological footprint of Humanity
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Ucel modelu Il

Jaké jednani (politiky) zvysi Sance k plynulému
prechodu zpét pod tuto kapacitu? (tj. k scénafi c)
namisto d))




Uvod
®00

Poznamky

O modelu

The model we have constructed is, like every model,
imperfect, oversimplified, and unfinished.

In spite of the preliminary state of our work, we believe it is
important to publish the model and our findings now. (...) We
feel that the model described here is already sufficiently
developed to be of some use to decision-makers. Furthermore,
the basic behavior modes we have already observed in this
model appear to be so fundamental and general that we do
not expect our broad conclusions to be substantially altered by
further revisions.
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Poznamky

7/ /7

O predpovidani

A major purpose in constructing the world model has been to
determine which, if any, of these behavior modes will be most
characteristic of the world system as it reaches the limits to
growth. This process of determining behavior modes is

" prediction” only in the most limited sense of the word.
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Poznamky

Pripomenuti: faze modelovani

© Formulace problému
@ Zakladni navrh modelu
© Budovani modelu

@ Verifikace a validace
© Simulace a analyza

@ Sumarizace vysledkd
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Zakladni prvky

Predmét zajmu modelu

@ zdroje (sources) — obnovitelné, neobnovitelné

@ drezy (sinks) — znedisténi
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Zakladni prvky

Nejdulezitéjsi prvky

@ rlstové procesy
o limity
@ zpozdéni

@ eroze
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Zakladni prvky

Klicové zasobarny modelu

znedisténi

neobnovitelné zdroje

°
°

@ populace
o zemédélstvi (produkce jidla, Grodnost zemé, eroze)
@ ekonomika (pramysl, sluzby, zaméstnanost)

VsSechny zdsobadrny v modelu jsou globdlni — nerozliSuji mezi
regiony, apd.
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Zakladni prvky

Zdlvodnéni struktury |

Because we are interested at this point only in broad behavior
modes, this first world model needs not be extremely detailed. We
thus consider only one general population, a population that
statistically reflects the average characteristics of the global
population. We include only one class of pollutants — the
long-lived, globally distributed family of pollutants, such as lead,
mercury, asbestos, and stable pesticides and radioisotopes — whose
dynamic behavior in the ecosystem we are beginning to
understand. We plot one generalized resource that represents the
combined reserves of all nonrenewable resources, although we
know that each separate resource will follow the general dynamic
pattern at its own specific level and rate.
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Zakladni prvky

Zdlvodnéni struktury |

@ vysokd abstrakce (a agregace) je nutnd, aby byl model
pochopitelny; samozrejmé to limituje mnoZstvi informaci,
které mizeme z modelu dostat

@ vystupy nejsou presné predpovédi

@ muze ndm to vSak dat porozuméni pricin ristu a chovani
pri dosazeni limitd
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Zpétnovazebni cykly
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Zpétnovazebni cykly
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Zpétnovazebni cykly
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Priklady ¢asti modelu

Figure A-1  PERSISTENT POLLUTION
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Priklady ¢asti modelu

Figure A-2 NONRENEWABLE RESOURCES
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Priklady ¢asti modelu
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Priklady ¢asti modelu
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Limity a parametry

Limity uvazované v modelu

kultivovana zemé

Grodnost pldy

°
°

o dosazitelna aroda

@ neobnovitelné zdroje
°

schopnost absorbovat znecisténi

(zadné valky, nepokoje, epidemie, ...)



Limity a parametry
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Limity a parametry

Figure A-12 REVISED TABLE OF RELATION BETWEEN FOOD CONSUMPTION

AND LIFETIME
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Figure A-13  REVISED TABLE OF RELATION BETWEEN HEALTH SERVICES AND
LIFE EXPECTANCY
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Limity a parametry

WORLD3

@ plvodni model v nastroji Dynamo, pozdéjsi ve Stelle

e model dostupny (bude na cvicent)
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Limity a parametry

Validace a verifikace modelu

@ nebudeme rozebirat

@ vyvoj takového modelu trva nékolik let
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Simulace

Zakladni simulace

@ simulace zacinaji v roce 1900, model vyladén, aby
dosavadni priibéh odpovidal

@ simulace bez fyzickych omezeni planety (GIGO — garbage
in, garbage out)

@ simulace se zdkladnim nastavenim modelu, bez
prizplisobovani se (business-as-usual)



Simulace

Simulace bez limitt

State of the World

Resources

—

Population

~===~<_Pollution

1900 2000

Material Standard of Living

Consumer goods/person

Food/person

Services/person

Life expectancy

1900 2000

2100

Analyza modelu
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Human Welfare and Footprint
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Simulace

Business-As-Usual
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Analyza citlivosti

Citlivost parametri

testovany zmény odhadnutych parametr(:

zdvojnasobeny zdroje

technologie pro kontrolu znecisténi

°
°

@ zvyseni vynosi zemé
@ protekce proti erozi
°

zvyseni vyuzivani efektivity zdrojl
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Analyza citlivosti

Zdvojnasobeni zdrojl

Human Welfare and Footprint
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Analyza modelu
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Vsechny uvedené zmény parametrt
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Zasahy do systému

Zmény chovani civilizace

Testovani riiznych zadsahl do systému:

@ kontrola porodnosti

@ stabilizovadna primyslova produkce, snizeni emisi

@ rychly vyvoj technologii pro snizeni eroze a lepsi vyuziti
zdrojl
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Zasahy do systému

Zmény chovani: Cas

@ adopce zasah( v riznych dobach: 1975, 1995, 2015
@ zkoumani toho, jaky vliv mize hrat rozdil dvaceti let

@ zavéry: velky vliv
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Zavéry studie

Population
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Human Welfare
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Zavéry studie

Komentar k moznostem vyvoje

carrying
capacity

» population

time —>
a) Continuous Growth b) Sigmoid Approach to Equilibrium

c) Overshoot and Oscillation d) Overshoot and Collapse
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Zavéry studie

Zavéry |

Pokud soucasné trendy ristu svétové populace, priimyslu,
znecisténi, produkce jidla a Cerpani zdroji budou pokracovat,
limity ristu na této planeté budou dosazeny nékdy béhem
nasledujicich sta let. Nejpravdépodobnéjsim disledkem
dosazeni téchto limitd bude nahly a nekontrolovatelny pokles
velikosti populace a zivotni Grovné.
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Zavéry studie

Zaveéry |l

Je v8ak mozné zménit soucasné trendy ristu a ustavit
podminky ekonomické a ekologické stability, které jsou
udrzitelné dlouho do budoucna. Takovy stav celosvétové
rovnovahy mize byt navrzen tak, aby zakladni Zivotni potreby
vSech lidi byly uspokojeny a kazdy ¢lovék na Zemi mél stejnou
Sanci realizovat svdj lidsky potencial.




Zavéry a souvislosti
0000e0

Zavéry studie

Zavéry

Pokud se lidé rozhodnout smérovat radsi k druhému nez k
prvnimu vysledku, tak ¢im drive za¢nou pracovat na jeho
naplnéni, tim vétsi budou jejich Sance na Gspéch.
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Zavéry studie

Komentar k zavérum

@ nastinéni trendl, mdédu chovani, zadné konkrétni
predpovédi
@ odpovidd provedenym simulacim

@ zobecnéno, interpretovano (az moc ?)
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Reakce na studii

Dopad knihy

@ svétovy bestseller

@ vyrazné ovlivnila rodici se environmentalni hnuti

@ obecnéjsi uvédoméni si koneénych limit (posileno
naslednou ropnou krizi)

@ neovlivnila témér vibec politiku a rozhodovani na
vrcholné Grovni
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Reakce na studii

Kritika povrchni

@ ,a piece of irresponsible nonsense” (Newsweek editorial,
1973)

@ prilis hruby model (nerozliSuje regiony, vék),
$patny/nedostatené podlozeny odhad parametri

@ (neo)Malthusidnstvi, jen dalsi pfedpovéd zkazy

@ predpovédi se nenaplnily

@ zastavani se nulového ristu
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Reakce na studii

Kritika hlubsi

@ nedostate¢ny/podcenény prostor pro inovace, rozvoj
technologie, lidskou 'fantazii’

@ PIPO — pessimism in, pessimism out

@ model ma tvrdé limity, neumoznuje prilis prechod k
nahradam
doba kamenna neskoncila na nedostatek kamend. ..

@ vestavéna zaujatost v modelu, napf. ekonomicky rilst
nemusi zpUsobovat narist znecisténi (¢asto naopak)
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Reakce na studii

Naplnily se , predpovédi“?

@ kniha nedéla zadné presné predpovédi

@ ke zlomim dochazelo pri simulacich nejdfive po 50 letech
(v pavodni simulaci), tj. stale nelze soudit opravnénost
»predpovédi”

@ priklad srovnani s daty: A Comparison of ‘The Limits to
Growth’ with Thirty Years of Reality
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Souvislosti

Hadanka

O ¢em mluvi nasledujici text?

In the end the world’s nations acknowledged that they had
overrun a serious limit. Soberly, reluctantly, they agreed to
give up a set of profitable and useful industrial products. They
started to do so before any economic, biological, or human
damage was observed, and before there was complete scientific
certainty. They probably did it in time.

o
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Souvislosti

Hadanka (pokr.)
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Souvislosti

Shrnuti

@ kniha ,Meze ristu” (Limits to Growth), model WORLD3
e priklad k ¢emu a jak mlze modelovani slouzit

@ ilustrace zakladnich krokd modelovani
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