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Par slov uvodem

Sbornik, ktery drzite v rukou, reflektuje prvni slavnostni den XXI. valného
shromazdéni Ucené spolecnosti CR, ktery se konal 18. kvétna 2015 v pro-
storach Karolina Univerzity Karlovy v Praze; dopoledni ¢ast probéhla ve
staroslavné Aule Magné, odpoledni v Modré poslucharné.

Zasedani zahajil predseda Ucené spolecnosti prof. Jifi Bicak privitanim
vSech pritomnych, predstavitelit Akademie véd a vysokych skol, ¢lentd Uce-
né spolecnosti, nositel medaili a cen Ucené spolecnosti pro rok 2015,
zvlasté pak prvniho mistopredsedy vlady pro védu a vyzkum pana Dr. Pav-
la Bélobradka, a poradkyn predsedy vlady pro védu a vyzkum pani Dr. Ale-
ny Gajduskové a prof. Evy Sykové. Specialné pak ptivital vzacné zahrani¢ni
hosty, celné predstavitele britské védy a Kralovské spole¢nosti v Londyné,
nejstar$i kontinualné existujici uc¢ené spole¢nosti novovéku, lorda Martina
Reese, Sira Briana Heapa a profesora Geotfrey Boultona.

Shromazdéni pozdravili rektor Karlovy university prof. Tomas Zima,
mistopredseda vlady Dr. Pavel Bélobradek a mistopredseda Akademie véd
CR prof. Vladimir Marecek. Béhem dopoledni ¢asti pronesl Jiti Bi¢dk
uvodni projev o védé a roli u¢enych spolecnosti. Nasledovalo predani cen
a medaili, vystoupeni Skampova kvarteta a tfi kratsi ptispévky zahrani¢-
nich hostti o véde, etice a budoucnosti (M. Rees), o vyuziti zaplavy dat v di-
gitadlnim véku (G. Boulton) a o iniciativé ,,chytrych vesnic“ (B. Heap). Texty
zalozené na téchto prispévcich jsou obsazeny v tomto sborniku.
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Opening words

The volume you are holding in your hands reflects the first ceremonial day
of the XXI General Assembly of the Learned Society of the Czech Republic,
which was held on May 18, 2015 on the premises of Karolinum, Charles
University in Prague; the morning session took place in the celebrated Aula
Magna, the afternoon session in the Blue Auditorium.

,M i ; M é‘;
CAREIN G

.
1

The Assembly was opened by the President of the Learned Society,
Prof. Jiti Bi¢ak, by welcoming all the attendees, representatives of the Aca-
demy of Sciences and universities, members of the Learned Society, reci-
pients of medals and awards by the Learned Society in 2015, particularly
the Deputy Prime Minister for science and research, Dr. Pavel Bélobradek,
and advisors to the prime minister on science and research, Dr. Alena
Gajduskova and Prof. Eva Sykova. Jifi Bi¢ak gave a special welcome to ho-
noured foreign guests — eminent representatives of British science and the
Royal Society of London, the oldest continually existing learned society of
modern age, Lord Martin Rees, Sir Brian Heap and Prof. Geoffrey Boulton.

The Assembly was saluted by the Rector of Charles University,
Prof. Toma$ Zima, Deputy Prime Minister, Dr. Pavel Bélobradek, and Vice
President of the Czech Academy of Sciences, Prof. Vladimir Marecek. Du-
ring the morning session Jifi Bi¢dk gave an opening speech on science and
the role of learned societies which was followed by the presentation of
awards and medals, a performance by the Skampa Quartet and three briefer
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Po poledni recepci a tiskové konferenci pak v odpoledni ¢asti zahra-
ni¢ni hosté proslovili obsahlejsi prednasky, které také pripravili v pisemné
formé. M. Rees hovotil o astrofyzice a kosmologii, G. Boulton o ocednech
a B. Heap o geneticky upravenych plodinach. Prvni den zasedani skoncil
neformalni diskusi zahrani¢nich hostti z Kralovské spole¢nosti a predstavi-
tel&t Ugené spole¢nosti CR o roli u¢enych spole¢nosti a akademii v soucas-
ném svété.

Na dalsich strankach zvefejnéné pisemné verze prednasek nejsou pri-
rozené zcela identické s proslovenymi prednaskami. Primy prubéh slav-
nostniho dne zasedani lze vSak shlédnout na webovych strankach Ucené
spole¢nosti.!

S myslenkou na ¢tenafe, pro néz by texty mohly byt uzitecné i z jazy-
kového hlediska, jsou anglicky original a ¢esky preklad, pripraveny Dr. Mar-
tinem Zofkou z Ustavu teoretické fyziky MFF UK, ti§tény soubézné na pro-
tilehlych strankach.

Jiti Bicdk

1 http://www.learned.cz/cz/co-je-noveho/aktuality/xxi-valne-shromazdeni-ucene-
spolecnosti-slavnostni-cast-18-5-2015.html
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11

contributions by the foreign guests on science, ethics and the future
(M. Rees), on making use of the torrent of data in the digital era (G. Boul-
ton) and on the ‘Smart Villages’ initiative (B. Heap). Texts based on these
contributions are included in this volume.

After a lunch reception and a press conference the afternoon session
continued with the foreign guests delivering more comprehensive talks,
which they prepared also in writing. M. Rees spoke about astrophysics and
cosmology, G. Boulton about oceans and B. Heap about genetically modi-
tied crops. The first day of the Assembly was concluded with an informal
discussion between the foreign guests from the Royal Society and represen-
tatives of the Learned Society of the Czech Republic about the role of
learned societies and academies in contemporary world.

The written versions of the talks as published in the following pages
are naturally not entirely identical to the delivered lectures. However, you
can watch a live recording of the ceremonial session of the Assembly on the
website of the Learned Society.!

Bearing in mind the reader who might find the texts helpful also from
the linguistic perspective, the English originals and Czech translations pre-
pared by Dr. Martin Zofka from the Institute of Theoretical Physics, Fa-
culty of Mathematics and Physics, Charles University, are printed side by
side on facing pages.

Jiri Bic¢dak

1 http://www.learned.cz/cz/co-je-noveho/aktuality/xxi-valne-shromazdeni-ucene-
spolecnosti-slavnostni-cast-18-5-2015.html
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Kratké biografie predstavitelit Kralovské spolecnosti.’

Profesor Geoffrey Boulton OBE, FRS, FRSE, ge-
neralni tajemnik Kralovské spole¢nosti v Edinbur-
ghu, emeritni{ kralovsky profesor a byvaly prorektor
Edinburské univerzity. Je ¢lenem rady predsedy
vlady pro védu a techniku, $pickového britského
poradniho organu v oblasti védy a technologii. Byl

vedoucim katedry geologie a geofyziky.

Profesor Sir Brian Heap CBE FRS je vyzkumnym
pracovnikem v Centru rozvojovych studii na Cam-
bridgeské univerzité, byvalym rektorem cambrid-
geské St Edmund’s College a predsedou Expertni
rady evropskych akademii pro védu. Jako ¢len Kra-
lovské spole¢nosti zastaval funkce zahrani¢niho
tajemnika a mistopredsedy. Byl feditelem Biologic-
kého ustavu a predsedou Mezinarodni spole¢nosti
pro védu a nabozenstvi.

Profesor Martin John Rees, baron Rees z Ludlow,
Kt, OM, FRS, HonFREng FMedSci je britsky kos-
molog a astrofyzik. Od roku 1995 je kralovskym
astronomem na Greenwichské kralovské observa-
tofi. V letech 2004 az 2012 byl rektorem cambridge-
ské Trinity College a vletech 2005 az 2010 byl pred-
sedou Krélovské spole¢nosti. Roku 2005 byl Rees
povysen na dozivotniho peera a coby nestranik za-
sedd ve Snémovné lorda jako baron Rees z Ludlow,
meésta, které se nachazi ve shropshirském hrabstvi.
Je zahrani¢nim ¢lenem fady akademii, véetné Uce-
né spole¢nosti CR.

1 Podrobnéjsi informace viz http://www.learned.cz/cz/co-je-noveho/aktuality/anotace-
prednasek-na-xxi-valnem-shromazdeni-ucene-spolecnosti.html
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Brief biographies of representatives of the Royal Society."

Professor Geoffrey Boulton OBE, |
FRS, FRSE, General Secretary of the §
Royal Society of Edinburgh, Regius |
Professor Emeritus and former Vice
Principal of the University of Edin-
burgh. He is a member of the Prime
Minister’s Council for Science and
Technology, UK’s top-level science
and technology advisory body. He
was formerly Head of the Depart-
ment of Geology and Geophysics.

Professor Sir Brian Heap CBE FRS
is Research Associate, Centre for
Development Studies, University of ||
Cambridge, former Master of St Ed-
munds College, Cambridge, and
President of the European Acade-
mies Science Advisory Council.
Elected Fellow of the Royal Society, |
he held posts as Foreign Secretary,
and Vice-President. He was President of the Institute of Biology, and President of the
International Society for Science and Religion.

Professor Martin John Rees, Baron Rees of Ludlow, Kt, OM, FRS, HonFREng FMed-
Sci is a British cosmologist and astrophysicist. He has been Astronomer Royal of the
Royal Observatory at Greenwich since 1995 and was Master of Trinity College, Cam-
bridge from 2004 to 2012 and President of the Royal Society between 2005 and 2010. In
2005, Rees was elevated to a life peerage, sitting as a crossbencher in the House of Lords
as Baron Rees of Ludlow, of Ludlow in the County of Shropshire. He is a foreign mem-
ber of a number of Academies, including the Learned Society of the Czech Republic.

1 The figure represents the frontispiece from The History of the Royal Society by Thomas
Sprat, engraving by the Czech emigrant artist Vaclav Hollar, 1667.
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Véda a ucené spolecnosti

Jiki BICAK

Vazeni hosté, cténé kolegyné a cténi kolegové, mili pratelé,

Ucend spole¢nost Ceské republiky v jeji nové podobé byla zaloZena v roce
1994. Vznikla predevsim z iniciativy dvou chemiki svétového jména — pro-
fesora Otty Wichterleho, makromolekuldrniho chemika, ktery na nés hledi
tak fikajic z vysin, respektive my si uvédomujeme jeho odkaz ve vysinach,
a profesora Rudolfa Zahradnika, kvantového chemika a prvniho predsedy
Ucené spolecnosti, jehoz odkaz si také uvédomujeme a ktery k nasi radosti
na nds hledi dnes zde z X-té fady. Schazime se tedy na 21. slavnostnim Val-
ném shromazdéni Spole¢nosti. Pfitom ov§em na jejim jiz 22. valném shro-
mazdéni, protoze letos v lednu se konalo Valné shromazdéni mimoradné
(»neslavnostni®), na némz jsme prijali nové stanovy, které umoznuji pruz-
néjsi ¢innosti a postupy.

Prvni ucena spolecnost v nasich zemich v$ak vznikla jiz v roce 1746
v Olomouci. Nesla tajemny nazev ,Societas eruditorum incognitorum in
terris Austriacis®, tedy ,Spole¢nost neznamych ucenctt v zemich rakous-
kych®. Vydavala prvni védecky casopis v habsburské monarchii, ovsem
v némciné. Ziejmé jako reakce na vliv jezuitd a latiny v Olomouci. Zalozil
ji Leopold von Petrasch, absolvent filosofické fakulty v Olomouci. Spolec¢-
nost bohuzel méla jen efemérni trvani, po péti letech se rozpadla. V roce
1791 vsak vznikla Kralovska ceska ucena spole¢nost, ta existovala 160 let,
zru$ena byla az totalitou v roce 1951. Mezi jeji ¢cleny patfili naptiklad Bol-
zano, Doppler, Palacky, Dobrovsky. V roce 1890 pak Josef Hlavka inspiro-
val organizac¢né i finan¢né zalozeni Ceské akademie véd a uméni, kterd
pretrvala do roku 1952. K jeji tradici se hlasi jak nase Spolecnost, tak dnes-
ni Akademie véd.

Geny ucenych spolecnosti vSéak mtizeme nachazet mnohem hloubéji
v case. Ne, nechci mluvit o vzniku bytosti vybavenych racionalnim védo-
mim (tomu, pokud vim, se tak jako tak racionalné zatim nerozumi). Chci
se zminit o renesanci a o védecké revoluci, kterd transformovala Evropu
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Science And Learned Societies

JIRI BICAK

Honorable guests, respectable colleagues, dear friends!

The Learned Society of the Czech Republic in its new form was established
in 1994. It originated primarily from an initiative by two chemists of world-
wide reputation: Professor Otto Wichterle — a macromolecular chemist
watching us, so to speak, from high above or we should rather say that we
are aware of his legacy high up there - and Professor Rudolf Zahradnik -
a quantum chemist and the first president of the Learned Society, of whose
legacy we are also aware and who - to our delight - is watching us here
today from the X™ row. We thus convene at the 21* ceremonial General
Assembly of the Society. But in fact this is already its 22" General Assembly
because this January there was an extraordinary General Assembly (a ‘non
ceremonial’ one) where we adopted new statutes allowing more flexible
activities and procedures.

However, the first learned society in our lands arose in Olomouc
already in 1746. It held the arcane name of ‘Societas eruditorum incogni-
torum in terris Austriacis; that is, the Society of Incognito Scholars in
Austrian Lands. It published the first scientific journal in the Habsburg
monarchy - in German, naturally - apparently as a reaction to the
influence of the Jesuits and the Latin language in Olomouc. It was foun-
ded by Leopold von Petrasch, a graduate of the Faculty of Arts in Olo-
mouc. Unfortunately, the society only existed ephemerally and it disinte-
grated after five years. In 1791, however, the Royal Bohemian Society of
Sciences came into being, which existed for 160 years and was only dis-
solved by the totalitarian regime in 1951. Its members included, for
instance, Bolzano, Doppler, Palacky, and Dobrovsky. In 1890 Josef Hlavka
then spurred the formation of the Czech Academy of Sciences and Arts in
terms of organization and finances and the Academy survived until 1952.
Its tradition is acknowledged by our Society as well as by the contempo-
rary Academy of Sciences.
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16 Véda a uéené spolecnosti

a cely svét. Dle ptivodné astronoma Johna Gribbina, jednoho ze znamych
britskych popularizatort védy a mimochodem také spoluautora populari-
zacnich knih s nasim dne$nim hostem lordem Martinem Reesem, je vlast-
né $tésti pro historika védy, ze dvé stézejni védecka dila vysla obé ve stej-
ném roce, totiz v roce 1543. Pravé tento rok lze oznacit, a¢ je v tom samo-
zfejmé znac¢na libovile, za zacatek renesance. V tomto roce totiz Mikolas
Kopernik publikoval De Revolutionibus Orbium Coelestium (O obézich ne-
beskych sfér) a vyslo také zasadni dilo o biologickém vyzkumu lidského téla,
De Humani Corporis Fabrica (O strukture lidského téla) od Andrease Vesa-
lia. Kopernik byl Poldk, Vesalius pochazel z Bruselu, ale Kopernik studoval
v Italii a v Italii vykonal hlavni objevy i Vesalius. Do Italie také prechazeli
ucenci z Cafihradu po jeho dobyti osmanskymi Turky. Prinaseli sebou ru-
kopisy a tradici fecké kultury. Je prirozené, ze prvni ucené spolecnosti
vznikly pravé v renesan¢ni Italii. Giovanni Battista della Porta byl italsky
ucenec, védec a dramatik, ktery zil v Neapoli a zalozil viibec prvni védec-
kou spole¢nost Academia Secretorum Naturae (Akademie tajemstvi pfiro-
dy) v roce 1560. Jeho nejslavnéjsi dilo, poprvé publikované v roce 1558, se
nazyvalo Magiae Naturalis (Pfirodni magie). Zabyva se v ném astrologii,
alchymif, ale i matematikou, meteorologif a ptirodni filozofii. Rikali mu
»profesor tajemstvi®...

Role tajemstvi na jevisti védy je ovéem trvala. Prejdeme-li do 20. stole-
ti ke slovutnému ¢eskému symbolistickému basnikovi Otokaru Biezinovi,
¢teme: ,Dvacaté stoleti, které se otvird, nauci nas neoc¢ekavanym pravdam,
smysl pro tajemstvi roste; pochopeni hmotného svéta se §ifi, nejslavnéjsi
dila obraznosti prenesena jsou do sféry prirodnich véd. Ve fyzice, v chemii,
v biologii ohlasuji se kouzelné perspektivy...“ Slovy Alberta Einsteina:
»Nejkrasnéjsi pocity vyplyvaji ze zahad. Jsou to pocity, které stoji u kolébky
skute¢ného umeéni a skute¢né védy...“ Véda a ji provazejici technologicky
pokrok se zavratné rozrostly a v 21. stoleti je s nimi spojeno mnozstvi gran-
tovych zprav, recenzi, posudkd, u nas i kafemlejnkt. Ve védecky nejaktiv-
néjsich zemich a univerzitach (naptiklad v Cambridgi) se jiz fadu let péstu-
je a vyucuje jako studijni obor ,,ekonomie védy*“. Neni divu. Zvlasté v nékte-
rych oborech jako je fyzika vysokych energii, s jejim nevyhnutelnym
néstrojem — urychlovacem ¢&astic v Evropské laboratoii CERN u Zenevy,
s 1200 supravodivymi magnety, které udrzuji ¢astice na kruhové draze v tu-
nelu 27 km dlouhém v hloubce 150 metrti predtim, nez se s obrovskymi
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Science and Learned Societies 17

And yet we can identify the genes of the learned societies much deeper
back in time. No, I do not want to speak about the emergence of beings
endowed with a rational mind (that, as far as I know, is not understood ra-
tionally so far anyway). I want to mention the Renaissance and the scien-
tific revolution that transformed Europe and the entire world. According to
John Gribbin - a former astronomer, one of the well-known British science
popularizers, and, incidentally, also the co-author of popular science books
together with our guest today, Lord Martin Rees - a historian of science is
in fact lucky that the two crucial scientific works were both published in the
same year, that is in 1543. It is precisely this year that we can call - although
there is much arbitrariness about this, of course - the beginning of the Re-
naissance. This is because it was this year that Nicolaus Copernicus pub-
lished De Revolutionibus Orbium Coelestium (On the Revolutions of the Ce-
lestial Spheres) and also the year when a fundamental work on the biologi-
cal research of the human body appeared — De Humani Corporis Fabrica
(On the Fabric of the Human Body) by Andreas Vesalius. Copernicus was
a Pole, Vesalius hailed from Brussels but Copernicus studied in Italy and it
was also in Italy where Vesalius made his major discoveries. There were
also scholars coming to Italy from Constantinople after it was conquered by
Ottoman Turks. They brought along manuscripts and the tradition of the
Greek culture. It is only natural that the first learned societies originated
precisely in Renaissance Italy. Giovanni Battista Della Porta was an Italian
scholar, scientist, and playwright who lived in Naples and founded the very
first scientific society, Academia Secretorum Naturae (Academy of the Mys-
teries of Nature), in 1560. His most famous work, first published in 1558,
was entitled Magiae Naturalis (Natural Magic). It deals with astrology,
alchemy but also mathematics, meteorology, and natural philosophy. They
called him the ‘professor of secrets’...

However, the role of mysteries on the scientific stage is permanent. If
we procced to the 20" century, to a celebrated Czech symbolist poet Otokar
Brezina, we read: “The twentieth century, which just began, will teach us
unexpected truths, the sense of the arcane grows; the grasp of the physical
world expands, the most famous works of imagination shift into the sphere
of natural sciences. Fascinating perspectives are showing in physics, in
chemistry, in biology..." In the words of Albert Einstein: “The most beauti-
tul experience we can have is the mysterious. It is the fundamental emotion
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18 Véda a uéené spolecnosti

energiemi srazi a vytvori nové, dosud nepoznané ¢astice hmoty. Nebo vysi-
lan{ satelitti zkoumajicich rany Vesmir. Naptiklad v roce 2009 vyslany sate-
lit Planck, ktery deteguje nejstarsi svétlo ve Vesmiru, tzv. reliktni zafeni. To
jsou vysoce kolektivni a nakladné aktivity. Védecké publikace v téchto
oblastech mivaji az tisice autorti. Ale smysl pro tajemstvi a rozkos z nového
poznani jsou stale hlavni hnaci silou! Za objev nové fundamentalni ele-
mentarni c¢astice, tzv. Higgsova bozonu v CERNu, byla pred dvéma lety
udélena Nobelova cena, a Higgstiv bozon naznacuje cesty, kde hledat ta-
jemstvi dalsi. Pozorovani satelitu Planck vyznamné posilila platnost tzv.
inflacniho stadia expanze velmi raného Vesmiru, kdy expanze probihd
exponencialné rychle. Tyto cesty za tajemstvimi vedou pritom ke vzniku
praktickych a uzite¢nych vynalezli a objevii. Napriklad Tim Berners-Lee,
britsky védec v CERNu, vytvoril v roce 1989 World Wide Web (WWW),
pozdéji Australan John O ’Sullivan jako ,vedlejsi produkt® své prace v radi-
oastronomii vynalezl rychlé bezdratové spojeni WiFi. Dnes i ¢eské firmy
jsou uspésnymi dodavateli pristroji do CERNU.

Letos slavime 100 let od vzniku obecné teorie relativity, dodnes nejlep-
§1 teorie gravitace, kterou mame, a pfipominame si, Ze presné pred 60 lety
a jednim mésicem, 18. dubna 1955, jeji tviirce, Albert Einstein, zemfel.
Max Born tehdy charakterizoval svij vztah k obecné relativité slovy: ,,Dnes,
stejné jako v dobé jejiho vzniku v roce 1915, mi pripada jako nejvétsi ¢in
lidského mysleni o prirodé, nejuzasnéjsi kombinace filozofického pohledu
a fyzikalni intuice a matematické dovednosti. Ale jeji souvislosti se zkuse-
nosti jsou malé. Pfipada mi jako velké umélecké dilo, z néhoz se mizeme
tésit a z dalky je obdivovat.“ Zcela jina je situace dnes! Efekty predpovézené
obecnou relativitou hraji roli v naviga¢nich sytémech typu GPS, kde je tre-
ba vzdalenosti urc¢ovat s presnosti nékolika metri a ¢asy s presnosti nano-
sekund. Hlavni roli ovéem hraje obecna relativita v astrofyzice a kosmolo-
gii. Pfedpovida existenci cernych dér, objasnuje pozorovani pulzard, struk-
turu neutronovych hvézd, existenci gravita¢nich vln, expanzi Vesmiru.
Vice se jisté dozvime po obédé v prednasce Martina Reese.

Uvedl jsem priklady z oblasti, které jsou mi jako fyzikovi blizsi. Jsou
vsak obory, pro bezprostredni blaho ¢lovéka nepochybné dilezitéjsi nez
fundamentalni fyzika, jako je chemie, biologie, medicina, které jsou v nasi
Ucené spolecnosti zastoupeny svétové uznavanymi osobnostmi a které se
stavaji do zna¢né miry také kolektivnimi aktivitami. Jsem presvédcen, ze
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which stands at the cradle of true art and true science... Science and the
technical progress associated with it have expanded staggeringly and in the
21* century they involve a number of grant reports, reviews, assessments,
and, in our country, also the ‘coffee-grinder’ procedures. The scientifically
most active countries and universities (for instance, Cambridge) have been
cultivating and teaching for many years the subject of the ‘economics of
science. No wonder. Particularly in some fields, such as high-energy phys-
ics with its inevitable tool - the particle accelerator in the CERN European
laboratory near Geneva with 1200 superconducting magnets keeping par-
ticles on a circular path in a tunnel 27 km long and located at the depth of
150 meters before the particles collide at immense energies, creating new,
as yet unknown matter particles. Or when sending out satellites exploring
the early Universe. For instance, the Planck satellite launched in 2009,
which detects the oldest light in the Universe, the so-called microwave
background radiation. These are highly teamwork-based and very costly
activities. Scientific publications in these fields usually have up to thou-
sands of authors. However, the sense of the arcane and the delight in the
new knowledge are still the main drivers! The discovery of a new funda-
mental elementary particle, the so-called Higgs boson, in CERN was
awarded the Nobel Prize two years ago and Higgs boson indicates where to
look for other secrets. Observations by the Planck satellite substantially
bolstered the validity of the so-called inflationary expansion model of the
very early Universe when the expansion proceeded exponentially fast.
These paths to the mysteries also lead to the emergence of practical and
helpful inventions and discoveries. For example, Tim Berners-Lee, a British
scientist in CERN, created the World Wide Web (WWW) in 1989; John
O’Sullivan of Australia later invented a fast wireless connection — the Wi-Fi
- as a ‘by-product’ of his work in radio astronomy. Even Czech firms suc-
cessfully supply instruments for CERN today.

This year we are celebrating 100 years since the formulation of the ge-
neral theory of relativity — the best theory of gravity we have to this day -
and we commemorate the death of its creator, Albert Einstein, exactly
60 years and one month ago on April 18, 1955. At that time Max Born char-
acterized his attitude towards general relativity using these words: “The
foundation of general relativity appeared to me then, and it still does, the
greatest feat of human thinking about nature, the most amazing combina-
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i v nich radost z poznani a odkryvani tajemstvi jsou hlavni motivaci. Po-
dobné je tomu ostatné i s vyzkumy v oblastech spolecenskych a historic-
kych véd. Jeji predstavitelé tvofi ¢tvrtou sekci nasi Ucené spolecnosti. K le-
to$nim 75. narozenindm naseho ¢lena pana profesora Frantiska Cermaka,
lingvisty, zakladatele Ustavu Ceského nirodniho korpusu vysel sbornik
s »wwymluvnym® nazvem - Radost z jazykii.

Vratme se je$té kratce do historie. Papez Rehot XIII v roce 1578 spo-
le¢nost onoho ,,profesora tajemstvi“ zakazal pro podezieni z carodéjnictvi.
Vznikaly ale postupné dalsi u¢ené spolecnosti v Italii, Francii a Némecku,
na zavér se véak chci pouze zminit o patrné nejvlivnéjsi a nejznaméjsi uce-
né spolecnosti - o britské Royal Society zaloZené v roce 1660. Mezi jejimi
prezidenty byl od roku 1703 do roku 1727 Isaac Newton, pozdéji naptiklad
od roku 1925 do 1930 Lord Rutherford, od roku 2005 do roku 2010 jim byl
nas host Lord Rees. Jejimi vyznamnymi predstaviteli byli i nasi dva dalsi
dnesni hosté, profesor Sir Brian Heap a professor Geoftrey Boulton; ten byl
také tajemnikem skotské Royal Society of Edinburgh. O roli téchto uce-
nych spole¢nosti se dozvime, zbyde-li ¢as, v zavéru dne$niho odpoledne.
Nyni bych se chtél jen letmo zminit o vzniku Royal Society. Ten zasadné
inspiroval a ovlivnil filosof a védec Francis Bacon. Bacon byl jednim z prv-
nich, kdo se snazil systematizovat védecky postup - zdtraznoval ulohu po-
zorovani a indukce, poté vytvareni hypotéz a teorii. Baconova dila si vysoce
cenil Cesky filozof, pedagog a teolog Jan Amos Komensky a navazoval na né
okruh Komenského pratel v Anglii v ¢ele se Samuelem Hartlibem. Ke Ko-
menského okruhu patfili nékteti z ranych ¢lent Royal Society, napt. proslu-
ly chemik a fyzik Robert Boyle. Komensky roku 1668 adresoval Spole¢nos-
ti nové napsanou predmluvu ke svému pansofickému dilu Via lucis (Cesta
svétla). Hartlib a Komensky chtéli vzdélavat a vychovavat spole¢nost, jako
religiozné zaloZeni myslitelé to povazovali za realizaci Boziho dila na Zemi.

Predchozi na$ predseda, historik a teolog pan profesor Pokorny, vloni
kon¢il svij projev zde na slavnostnim Valném shromazdéni tvahami
o vztahu védy a viry. Mezi védci neni, myslim, mnoho tak neochvéjnych
vérozveéstl ateismu jako je Richard Dawkins ¢i Lawrence Krauss, nedavni
hosté festivalu Academia Film a univerzity v Olomouci. Znam vsak nékolik
prednich védct, ktefi prijimaji existenci obou sfér pohledu na svét, soudi
vsak, Ze nema velky smysl mezi nimi hledat souvislosti. Albert Einstein byl
¢asto zadan, aby se k této otdzce vyjadril. V jedné z mnoha odpovédi lapi-
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tion of philosophical penetration, physical intuition, and mathematical
skill. But its connections with experience were slender. It appealed to me
like a great work of art, to be enjoyed and admired from a distance’ The
situation is quite different today! Effects predicted by general relativity play
an important role in the GPS-type navigation systems, where distances
need to be determined with a precision of several meters and times with
a precision of nanoseconds. General relativity takes central stage in astro-
physics and cosmology. It predicts the existence of black holes, clarifies
observations of pulsars, the neutron star structure, the existence of gravita-
tional waves, and the expansion of our Universe. We will certainly learn
more in the afternoon lecture by Martin Rees.

I gave examples from the fields that I relate to as a physicist. However,
there are subjects undoubtedly more important for immediate human wel-
fare than fundamental physics - such as chemistry, biology, and medicine,
which are represented in our Learned Society by world-renowned figures
and which have also become teamwork activities to a considerable degree.
I am confident that the joy of learning and of unraveling the mysteries is the
main motivation here, too. In fact, the situation is similar regarding re-
search in the fields of social and historical sciences. Their representatives
constitute the fourth section of our Learned Society. A collective volume
with a telling title — Joy of Languages — was published this year in honor of
the 75" birthday of our member, Professor Frantisek Cermadk, a linguist
and the founder of the Institute of the Czech National Corpus.

Let us briefly return to history yet. Pope Gregory XIII banned the so-
ciety of this ‘professor of secrets’ on suspicion of witchcraft in 1578. Yet
other learned societies arose gradually in Italy, France, and Germany. To
conclude however, I just wish to mention the apparently most influential
and renowned learned society - the British Royal Society established in
1660. Their presidents included Isaac Newton from 1703 to 1727 and later,
for example, Lord Rutherford between 1925 and 1930. Our guest, Lord
Rees, served as the president from 2005 until 2010. Our other two guests
today were also among the Society’s important representatives: Professor
Sir Brian Heap and Professor Geoffrey Boulton who also served as the sec-
retary of the Scottish Royal Society of Edinburgh. We will learn about the
role of these scholarly societies at the end of today’s afternoon session if
there is time. Now, in passing, I would like to mention the foundation of the
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darné rekl: ,Véda bez viry je chroma, nabozenstvi bez védy slepé“... Chci
vsak nakonec pripomenout jiny Einsteintv vyrok: ,,Jednu véc jsem béhem
svého dlouhého Zzivota pochopil: Ze ve srovnani s realitou je veskerd nase
véda primitivni a détinska“ - ano, to si uvédomujeme i dnes, kdy pres ves-
kery pokrok, nebo spise prave diky tomuto pokroku, jsme se naptiklad bé-
hem poslednich let dozvédéli, Ze 96% hmoty ve Vesmiru je ve formé temné
hmoty a temné energie, jejichz skute¢nou podstatu zatim nechapeme -
a presto, Einstein dodava, ,véda je nejcennejsi véci, kterou mame®.
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Royal Society, which was inspired and influenced in a crucial way by the
philosopher and scientist Francis Bacon. Bacon was one of the early scho-
lars trying to systematize the scientific method - he emphasized the role of
observation and inductive reasoning and then the formulation of hypo-
theses and theories. Bacon’s works were highly esteemed by a Czech phi-
losopher, pedagogue and theologian, John Amos Comenius and they were
further developed by the circle of Comenius’ friends in England led by
Samuel Hartlib. The circle included some of the early members of the Royal
Society, such as the renowned chemist and physicist Robert Boyle. In 1668
Comenius addressed to the Society a newly written preface to his pansoph-
ical work Via lucis (The Way of the Light). Hartlib and Comenius wanted to
educate and cultivate the society - as religious thinkers they considered it
to be the accomplishment of the work of God on Earth.

Last year our previous president, the historian and theologian, Profes-
sor Pokorny, concluded his address here at the ceremonial General Assem-
bly with reflections on the relation between science and faith. I believe that
among scientists there are not many such unwavering apostles of atheism
like Richard Dawkins or Lawrence Krauss, the recent guests of the Aca-
demia Film festival and the university in Olomouc. However, I know se-
veral prominent scientists who accept the existence of both worldview do-
mains but they conclude it does not make much sense to search for links
between them. Albert Einstein was often asked to give his opinion on the
issue. In one of his many replies he said succinctly: ‘Science without reli-
gion is lame, religion without science is blind... Finally, however, I want to
remember another quote by Einstein: ‘One thing I have learned in a long
life: that all our science, measured against reality, is primitive and childlike’
Yes, we are aware of this also today - despite of all our advancement or
perhaps precisely because of it — having learned in recent years that, for
example, 96% of matter in the Universe is in the form of dark matter and
dark energy, the true nature of which we do not comprehend so far - and
yet, Einstein adds, science ‘is the most precious thing we have’

Kniha l.indb 23 1542016 14:19:33



,»Véda, etika a budoucnost®

MARTIN REES

Je mi cti zde dnes byt. A to cti dvojnasobnou, protoze profesor Jifi Bicak je
mym pritelem a kolegou jiz 40 let — od doby, kdy jsme oba byli velmi mladi!
Od té doby nastala jedna mirna zména. Jittho jsem potkal v Americe.
Vétsina védcl z nasi generace se skutecné se svymi protéjsky ze zbytku
Evropy setkala v USA - a to platilo o téch ze zapadni Evropy i ze zemi na
opaéné strané Zelezné opony. Dnes probiha ziv4 vzdjemnd vyména po celé
Evropé - za vydatné podpory programti EU. A ve ,velkych védach® - fyzice
¢astic a vesmiru — kde ekonomicky tlak nuti véechny evropské zemé ke spo-
lupraci, jsme se stali svétovou jednickou. A pravé v tom spociva role akade-
mii a ucenych spolecnosti - a jejich role bude jesté vétsi ve svéteé zitrka.

Nejprve ale kratky pohled do minulosti — do 17. stoleti. Britska akade-
mie véd, Kralovska spole¢nost, byla zalozena roku 1660. Na pravidelnych
setkdnich spolecnosti se jeji clenové divali nové objevenymi mikroskopy;
naslouchali pribéhim cestovatelt. Experimentovali s vyvévami, vybusni-
nami a jedy. A néktera setkani byla i hrtiznéjsi. Samuel Pepys si do svého
slavného deniku zaznamenal transfizi krve z ovce na ¢lovéka - ktery kupo-
divu prezil. (Zdravotnické a bezpe¢nostni predpisy maji na svédomi, ze
dnes jsou setkdni Kralovské spolecnosti nezazivnéjsi!)

Tito muzi byli ,davtipni a zvidavi®. Zabyvali se ale také praktickou
agendou své doby - vylepSovali lodni navigaci, zkoumali Novy svét a pre-
stavovali Londyn po Velkém pozaru. Inspiroval je Francis Bacon - oni byli,
feceno jeho slovy, ,,obchodniky svétla®, ale byli téZ odhodlani ,,ulevit ¢love-
ku od jeho udélu®

A od samého zacatku byli ,,mezinarodni® Prvni tajemnik Spole¢nosti,
Oldenburg, byl Némec a zalozil prvni opravdovy védecky casopis, v némz
byly ¢lanky od Huygense a dalsich vyznacnych Evropant z kontinentu i sa-
motné Britanie.

Dnesni védce vedou tytéz $irsi pohnutky jako tyto pritkopniky - zvida-
vost, kterd je pfiméje zkoumat zakony prirody; potéseni z dimyslnych za-
fizent; cil zlepsit lidsky Zivot. A jejich pohled na svét je dokonce jesté mezi-
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MARTIN REES

It’s a privilege to be here today. Doubly so because Professor Jifi Bicak has
been a friend and colleague for 40 years - since a time when we were both
very young!

There’s one benign change since then. I met Jif{ in America. Indeed
most scientists of our generation met their counterparts from the rest of
Europe in the US - and this was true of those from Western Europe as well
as countries the other side of the Iron Curtain. Now there is a vibrant in-
terchange all across Europe — much helped by EU schemes. And in the ‘big
sciences’ of particle physics and space science, where economic pressures
force all European countries to cooperate, we have become world-beaters.
And this is where academies and learned societies have a role — and will
still more in tomorrow’s world.

But first, a short flashback - to the 17th century. Britain’s academy of
sciences, The Royal Society, was founded in 1660. At their regular meetings
its Fellows peered through newly-invented microscopes; they heard travel-
lers’ tales. They experimented with airpumps, explosions, and poisons. And
some meetings were more gruesome. Samuel Pepys recorded in his famous
diarya blood transfusion from a sheep to a man - who, amazingly, survived.
(Health and safety rules render Royal Society meetings duller these days!)

These men were ‘ingenious and curious’ But they were also immersed
in the practical agenda of their era - improving navigation, exploring the
New World, and rebuilding London after the Great Fire. They were inspired
by Francis Bacon - they were, in his phrases, ‘merchants of light, but com-
mitted also to ‘the relief of man’s estate’

And they were ‘international’ right from the start. The Society’s first se-
cretary, Oldenburg, was German, and he founded the first real scientific
journal, which had papers from Huygens and other eminent continentals as
well as those from Britain itself.

Today’s scientists have the same broad motives as these pioneers - the
curiosity to probe nature’s laws; the delight in ingenious devices; the aim to
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narodnéjsi. Dnes ale nemohou byt polyhistory. Vyzkum je nyni jen pro za-
svécené, je profesionalizovany a technicky. Mezi védci a §ir$i vefejnosti
tudiz stoji komunikac¢ni bariéra - a mezi rliznymi specializacemi vlastné
téz. Védci se navic obecné prili§ malo ucastni politiky. To je diivod, pro¢
akademie, které tyto prekazky preklenuji, jsou dilezitéjsi nez kdy driv.

Mimochodem: slovo ,véda“ pouzivan v $ir§im smyslu, jenz zahrnuje
i technologii a technické obory - neni to jen proto, abych Setfil slovy, ale
i proto, Ze jsou vzéjemné symbioticky propojeny. ,,Reseni probléma“ nds
motivuje vSechny - at uz je ¢lovék astronomem zkoumajicim vzdaleny kos-
mos, nebo technikem, pred nimz stoji néjaky vécny konstruktérsky orisek.
To druhé je pfinejmensim stejné ndrocné — coz pékné vypichnul stary kres-
leny vtip, kde jsou dva bobii, ktefi si prohlizeji prehradu hydroelektrarny.
Jeden bobr povida, ,Vlastné jsem to nepostavil, ale vychazi to z mého napa-
du.“

Navic véda neni pouze pro védce - je klicova pro rozsitujici se skalu
profesi, ale tykat by se méla kazdého. Dnesni mladi lidé - a to v$ichni - bu-
dou zit ve svété, jenz bude stale vice zavisly na technice a stale zranitelnéjsi,
pokud technika selze, ¢i se vydd $patnym smérem. Spole¢nost jiz nyni Ce-
li obtiznym otazkam jako tieba:

Kdo by mél mit pristup k idajim odectenym z naseho osobniho gene-
tického kodu? Jak ovlivni rostouci délka zivota spolecnost? Méli bychom
stavét jaderné elektrarny — nebo vétrné farmy — abychom mohli dal svitit?
Meéli bychom péstovat geneticky modifikované plodiny? Mél by zakon po-
volit ,,déti na miru“ nebo drogy zlepsujici chapani?

Takovéto otazky se tykaji nas vsech: vstupuje do nich véda, ale vstupu-
je do nich i ekonomie, politika a etika — oblasti, kde védci hovoti jakozto
obcané bez zvlastnich odbornych znalosti. Demokratické debaty se ale ne-
pozvednou nad uroven bulvarnich sloganti, pokud nebude mit kazdy do-
state¢né silny ,,cit“ pro védu - a pro riziko a nejistotu - aby se vyhnul tomu,
ze by jej obalamutila propaganda a $patné statistiky nebo ze by choval pii-
liSnou tctu vici odbornikdm.

Védci pravidelné lamentuji, jak malo toho vefejnost vi, a Zehraji na pri-
rodovédné vzdélavani. Nevzdélanost ale neni prizna¢nd jen pro védu. Je
zrovna tak smutné, neznaji-li ob¢ané déjiny svého naroda, nemluvi cizim
jazykem a na mapé nedokazi nalézt Severni Koreu ¢i Syrii — a v mé zemi to
mnozi neuméji. Jde o obzalobu naseho skolstvi obecné — nedomnivam se,
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improve human lives. And their outlook is even more international. But they
can’t now be polymaths. Research is now professionalised, arcane and tech-
nical. There’s consequently a communication barrier between scientists and
the wider public - indeed between different specialisms too. Moreover,
scientists are in general too disengaged from politics. That’s why academies
that straddle these barriers are more important than ever.

By the way, I'm using the word ‘science’ in a broad sense to encompass
technology and engineering - this is not just to save words, but because
they’re symbiotically linked. ‘Problem solving’ motivates us all -whether one
is an astronomer probing the remote cosmos, or an engineer facing a down-
to-earth design conundrum. The latter is at least as challenging — a point ne-
atly made by an old cartoon showing two beavers looking up ata hydroelect-
ric dam. One beaver says ‘T didn’t actually build it, but it’s based on my idea’

Moreover, science isn't just for scientists — it’s crucial for an increasing
range of careers, but it should impinge on everyone. Today’s young people
— all of them - will live in a world, ever more dependent on technology, and
ever more vulnerable to its failures or misdirection. Society already con-
fronts difficult questions like:

Who should access the ‘readout’ of our personal genetic code? How will
lengtheninglife-spans affect society? Should we build nuclear power stations
- or wind farms - to keep the lights on? Should we plant GM crops? Should
the law allow ‘designer babies’ or cognition enhancing drugs?

Such questions matter to us all: they involve science, but they involve
economics, politics and ethics as well — areas where scientists speak as citi-
zens without special expertise. But democratic debates won't rise beyond
tabloid slogans unless everyone enough ‘feel’ for science — and for risk and
uncertainty — to prevent their being bamboozled by propaganda and bad
statistics, or over-deferential to experts.

Scientists routinely bemoan how little the public knows, and grumble
about scientific education. But ignorance isn't peculiar to science. It's equal-
ly sad if citizens don’t know their nation’s history, can’t speak a second lan-
guage, and can't find North Korea or Syria on a map — and many in my
country can’t. This is an indictment of our schooling in general - I don't
think scientists have a special reason to moan. Indeed, I'm gratified and
surprised that so many people are interested in dinosaurs, the Hubble Te-
lescope, the Higgs Boson - all blazingly irrelevant to our day-to-day lives.
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ze by védci méli zvlastni divod si narfikat. Vlastné jsem potésen a prekva-
pen, Ze se tolik lidi zajim4 o dinosaury, Hubbletv teleskop, Higgstv boson
— to vSe je pro nase kazdodenni zivoty prikladné nepodstatné.

A to vede k dal$imu divodu, proc¢ je prirodovédné vzdélavani dalezité.
Védeckého poznani bychom si méli cenit pro né samotné.

V 19. stoleti se k $iroké vefejnosti dostaly myslenky Darwina a geolo-
gl. Dnes je opravdovym intelektudlnim nedostatkem nechdapat nade pri-
rodni prostedi a principy, jimiz se fidi biosféra a podnebi. A byt slepy
k uchvatné vizi, jiz pfinasi darwinizmus a moderni kosmologie - k fetézci
rodici se komplexity vedouci od ,velkého tresku“ ke hvézdam, planetam,
biosféram a lidskym mozkiim, které dokazi hloubat nad podivuhodnosti
a zahadnosti toho vseho.

Tyto koncepce jsou tim nejdulezitéjsim z lidské kultury. A vic nez jen
to: véda je jedinou kulturou, ktera je vpravdé globédlni — protony, proteiny
a Pythagoras jsou titiz od Ciny az po Peru. Méla by ptesahovat veskeré na-
rodnostni bariéry. (A méla by mimochodem preklenovat i veskera nabo-
zenska vyznani. Védci, ktefi napadaji tradi¢ni nabozenstvi, misto aby usilo-
vali o pokojné souziti s nim, poskozuji védu a také oslabuji spojenectvi
proti fundamentalizmu a fanatizmu.).

Je dulezité, aby si kazdy uvédomil, kolik toho védci dosud neveédi - ja-
ké mezery ma nase soucasné poznani. A Ze vsedni jevy jsou ¢asto ty nejza-
hadnéjsi. Mohlo by se zdat divné, Ze astronomové mohou s jistotou hovorit
o galaxiich vzdalenych miliardy svételnych let, zatimco guruové, ktefi se
vyjadruji ke kazdodennim zalezitostem, jako je strava a péce o déti, méni
své rady rok od roku. Tak divné to ale ve skute¢nosti neni.

Véci neni tézké pochopit kvuli tomu, jak jsou velké, jde o to, jak jsou
slozité. Obtiznéjdi je vypracovat prognoézu pocasi nez predpovédét zatméni.
Hmyz se svou vrstvou za vrstvou slozitych struktur je daleko komplikova-
néj$i nez hvézda. Lidské bytosti a jejich interakce jsou jesté daleko kom-
plexnéjsi.

Jaké prtilomové objevy mizeme ocekavat? V mém vlastnim oboru as-
tronomie je hodné vzrusujici doba - jde kuptikladu o suity planet obihaji-
cich cizi hvézdy a objevenych kosmickou lodi pfihodné pojmenovanou po
Keplerovi.

Pfi mé dalsi prednasce dnes odpoledne budu mit prilezitost fict o tom
vic.
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And this leads to another reason why science education is important.
Scientific insights should be valued for their own sake.

In the 19t century, the ideas of Darwin and the geologists reached
a broad public. Today, it’s a real intellectual deprivation not to understand
our natural environment and the principles that govern the biosphere and
climate. And to be blind to the marvellous vision offered by Darwinism
and by modern cosmology - the chain of emergent complexity leading
from a ‘big bang’ to stars, planets, biospheres and human brains able to pon-
der the wonder and the mystery of it all.

These concepts are highlights of human culture. More than that, science
is the one culture thats truly global - protons, proteins and Pythagoras are
the same from China to Peru. It should transcend all barriers of nationality.
(And, by the way, it should straddle all faiths too. The scientists who attack
mainstream religion, rather than striving for peaceful coexistence with it,
damage science, and also weaken the alliance against fundamentalism and
fanaticism.).

It'simportant that everyone realizes how much scientists still don't know
how patchy our current understanding is. And that commonplace pheno-
mena are often the most perplexing. It may seem odd that astronomers can
speak confidently about galaxies billions of lightyears away, whereas the gu-
rus who pronounce on everyday matters like diet and childcare, change the-
ir advice from year to year. But it isn’t really so odd. What makes things hard
to understand isn't how big they are, it's how complex they are. It’s harder to
forecast the weather than to predict eclipses. An insect, with its layer upon
layer of intricate structure, is far more complex than a star. Human beings
and their interactions are far more complex still.

What breakthroughs can we expect? In my own subject of astronomy
there’s much excitement - for instance, retinues of planets orbiting other
stars — discovered by a spacecraft fittingly named after Kepler.

I'll have a chance to say more about this in another talk this afternoon

So much for science as culture. What kind of world will today’s young
people be living in by mid-century? One of the few things we can predict
is that they’ll be in a more crowded world. Fifty years ago, world popula-
tion was below 3 billion. It now exceeds 7 billion. And by 2050 it’s pro-
jected to be between 8.5 and 10 billion, the growth being mainly in the
developing world. And the world’s intellectual and physical capital will

Kniha 1.indb 29 1542016 14:19:33



30 ,Véda, etika a budoucnost*

Tolik k védé coby kulture. Co to bude za svét, v némz budou dnes$ni
mladi lidé Zit v poloviné stoleti? Jedna z mala véci, které mtizeme predpo-
védét, je, ze budou v prelidnénéjsim svété. Pred padesati lety byla svétova
populace pod 3 miliardami. Nyni pfesahuje 7 miliard. A predpoklada se, ze
do roku 2050 bude mezi 8,5 a 10 miliardami, pficemz k rtistu bude docha-
zet hlavné v rozvojovém svété. A svétovy intelektudlni a fyzicky kapital se
pfesune do Asie — nastane konec ctyfsetleté hegemonie Evropy a Severni
Ameriky.

Kromé toho, ze svét bude preplnénéjsi, bude mit také jiné podnebi, coz
bude dalsi zatéz.

Brian Heap ale bude mluvit o tom, Ze navzdory tomu véemu téchto
9 miliard nemusi mit pfed sebou hlad. Moderni zemédélstvi - mélka orba,
$etfeni vodou a tfeba i zapojeni GM plodin - spolu s lepsi technikou redu-
kujici odpad, zlepsujici zavlazovani a tak dale by mohlo jiz v poloviné sto-
leti toto mnozstvi lidi nasytit udrzitelnym zptisobem. Také pokrok v dal-
$ich oborech, zvlast ve zdravotni péci a informacni technologii, skyta di-
vod k nadéji.

A muizeme predpovédét jesté cosi dalsiho. Bude nartstat propast mezi
tim, co ndm véda umoznuje délat, a tim, co je rozumné i etické skute¢né
udélat. Technologie ndm prinese tzasné vyhlidky, ale otevfe i nové hrozby
a postavi nas pred nova mravni dilemata.

Nas svét zacind byt propojenéjsi. Jsme zavisli na propracovanych si-
tich: rozvodech elektfiny, fizeni letového provozu, mezinarodnich finan-
cich, dodavkach pravé na cas a tak dale. Pokud nebudou vysoce odolné,
jejich zjevny prinos by mohl byt prevazen katastrofickymi (a¢ vyjimeény-
mi) pripady selhani, které zachvati celou soustavu. Pandemie by se mohly
$itit rychlosti tryskového letadla a zptisobit naprostou spoust v chaotickych
avSak rozristajicich se megalopolich rozvojového svéta. Socidlni média by
mohla prenaset psychickou nakazu - famy a paniku - doslova rychlosti
svétla.

Zlovolné ¢i lehkomyslné osoby nebo skupinky maji daleko vétsi moc
a vliv nez v minulosti. Prudce nartstaji obavy z kyberutoku ze strany zlo-
¢incti nebo neprételskych stat. Podobné i pokrok biotechnologii je piisli-
bem obrovského potencialu pro lékarstvi a zemédélstvi — zesiluje ale riziko
bioerroru ¢i bioteroru. Badatelé, kteti ukazali, Ze 1ze prekvapivé snadno za-
ridit, aby byl virus chfipky prudce nakazlivy a zaroven prenosny, byli pred
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shift to Asia - the end of 400 years of hegemony by Europe and North
America.

As well as being more crowded, the world will have a changed climate
and that will add to the pressures.

But despite all this, Brian Heap will discuss how 9 billion needn’t face
starvation. Modern agriculture — low-till, water-conserving, and perhaps
involving GM crops - together with better engineering to reduce waste,
improve irrigation, and so forth, could sustainably feed that number by
mid- century And other advances, especially in healthcare and information
technology, offer grounds for hope .

And we can predict something else. There'll be a growing gap between
what science allows us to do, and what it's prudent or ethical actually to do.
Technology will offer amazing prospects but will opens up new threats and
poses new ethical dilemmas.

Our world is getting more interconnected. We depend on elaborate ne-
tworks: electric power grids, air traffic control, international finance, just-
in-time delivery and so forth. Unless these are highly resilient, their mani-
fest benefits could be outweighed by catastrophic (albeit rare) breakdowns
cascading through the system. Pandemics could spread at the speed of
jet aircraft, causing maximal havoc in the shambolic but burgeoning
megacities of the developing world. Social media could spread psychic
contagion - rumours and panic - literally at the speed of light.

Malign or foolhardy individuals or small groups have far more power
and leverage than in the past. Concern about cyber-attack, by criminals or
by hostile nations, is rising sharply. Advances in biotech, likewise, offer
huge potential for medicine and agriculture - but they amplify the risk of
bioerror ot bioterror. Recently some researchers whod shown that it was
surprisingly easy to make an influenza virus both virulent and transmissi-
ble were pressured to redact some details of their publication. And the US
government has stopped finding these so-called ‘gain of function” experi-
ments. Even more recently there’s been controversy about CRISPR experi-
ments done by Chinese scientists on human embryos. These are just por-
tents foreshadowing the ethical and prudential issues that will face us in
future.

And this is something I worry about — we need regulation, and ‘respon-
sible innovation. But can we enforce this - in the 1970s there were some
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¢asem vystaveni tlaku, aby nékteré podrobnosti své publikace zredigovali.
A americkd vlada prestala tyto takzvané ,,aktiva¢ni® pokusy financovat. Ne-
davno doslo ke kontroverzi ohledné experimentti zalozenych na metodé
CRISPR, které ¢insti védci provadeéli na lidskych embryich. To jsou jen na-
znaky predznamenavajici otazky, jimz budeme celit v budoucnu - je to etic-
ké a proziravé?

A to je cosi, co mi déla starosti — potebujeme regulaci a ,,zodpovéd-
nou inovaci®. Miizeme je ale prosadit — v 70. letech tu bylo nékolik prece-
dentti, dnes je ale tento obor globalnéjsi a vice vystaven komer¢nim tla-
kiim. Prosadit regulace muze byt tedy nemozné zrovna tak jako prosadit
zakony o drogach. A to je désivé.

A takovéto obavy mohou vyvstat nejen v biotechnologiich, ale i v dalsi
rychle se rozvijejici technologii: robotice a strojové inteligenci.

Jsme zjevné svédky historického pokroku ve schopnosti stroji ucit se,
komunikovat a interagovat s nami.

Pocitace se neuci tak jako my: pouzivaji metodu ,hrubé sily®. U¢i se
rozpoznavat psy, kocky a lidské obliceje tak, ze ,,prechroustaji miliony
obrazka - déti to takhle nedélaji. U¢i se prekladat z cizich jazyki ¢tenim
vicejazy¢nych verzi miliont stran (napfiklad) dokumentt Evropské unie
(nikdy se nenudi!).

Doslo k uzasnému pokroku v tom, ¢emu se fika zobecnéné strojové
uceni - DeepMind (mala londynska spole¢nost, jiz nedavno koupil Google
za 500 miliont dolart) vytvortila stroj, ktery dokdze ptijit na pravidla véech
starych her na Atari, aniz by mu je rekli, a potom je hrat 1épe nez lidé.

Pokrok v senzorickych a motorickych dovednostech byl pomalejsi. Pri
pohybovani figurkami po skutecné $achovnici jsou roboti v porovnani
s détmi dosud neohrabani. Nedokazi vam zavazat tkanicky ani ostfihat
nehty na nohou. Technologie senzorti, rozpoznavani reci, vyhledavani
informaci a tak dale se ale rozvijeji rychlym tempem.

Roboti budou také prebirat stale $irsi skalu zaméstnani — nejen manu-
alni praci (zautomatizovat povolani, jako je instalatér a zahradnik, bude
vlastné jedna z nejtézsich véci), ale i Gfednickd mista, rutinni pravnickou
praci a lékafskou diagnostiku a operace. A velkou otazkou je, zda bude ro-
botika stejna jako predchozi rozvratné technologie — kuptikladu auto - kte-
ré vytvorily pravé tolik pracovnich mist, kolik zni¢ily? Nebo je to tentokrat
opravdu jiné?
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precedents, but the field is more global — more subject to commercial pres-
sures. So regulations may be as impossible to enforce as the drug laws. And
that’s scary.

And such concerns may arise not just in biotech but in another fast-
advancing technology: robotics and machine intelligence

We're plainly witnessing momentous advances in the power of ma-
chines to learn, to communicate, and to interact with us.

Computers don't learn like we do: they use ‘brute force’ methods. They
learn to identify dogs, cats and human faces by ‘crunching’ through
millions of images — not the way a baby learns. They learn to transla-
te from foreign languages by reading multilingual versions of millions of
pages of (for example) EU documents (they never get bored!).

There’s been exciting advances in what’s called generalized machine
learning - Deep Mind (the small London company that Google recently
bought for 500 million dollars) created a machine that can figure out the
rules of all the old Atari games without being told, and then play them bet-
ter than humans.

Advances in sensors and motor-skills have been slower. Robots are
still clumsy compared to a child in moving pieces on a real chessboard.
They can’t tie your shoelaces or cut your toenails. But sensor technolo-
gy, speech recognition, information searches and so forth are advancing
apace.

Robots will take over an ever-wider range of jobs — not just manual
work (indeed jobs like plumbing and gardening will be among the hardest
to automate), but clerical jobs, routine legal work, and medical diagnostics
and operations. And the big question is this: Will the robotics be like
earlier disruptive technologies — the car, for instance — which created as
many jobs as it destroyed? Or is it really different this time?

And what about the use of ‘dumb’ autonomous robots — and drones -
by the military? Can they be trusted to seek out a targeted individual
via facial recognition, and decide whether to fire their weapon? Who
has the moral responsibility then?

That’s a near-term concern. But, looking further ahead, how can we
ensure that ever more sophisticated computers remain docile ‘idiots sa-
vant’ and don't ‘go rogue’? If they could infiltrate the internet — and the
internet of things — they could manipulate the rest of the world.
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A co pouzivani ,,hloupych® autonomnich robotti - a dront - arma-
dou? Lze jim svéfit ukol vyhledat na zakladé rozpoznavani obliceje osobu,
ktera je nasim cilem, a rozhodnout se, zda spustit palbu? Kdo potom nese
moralni odpovédnost?

To jsou kratkodobé obavy. Kdyz ale pohlédneme dal, jak miizeme za-
jistit, aby stale dimyslnéjsi pocitace zistaly poddajnymi ,,blaznivymi génii“
a nestali se z nich ,,darebaci“? Pokud by dokazaly infiltrovat internet - a in-
ternet véci — mohly by manipulovat se zbytkem svéta.

Odbornici se neshodnou na tom, jak dlouho bude trvat, nez stroje do-
sdahnou vSeobecné inteligence lidské urovné. Neékteri fikaji, ze 25 let. Jini
tikaji, Ze ,nikdy* Stfedni odhad v neddvném prizkumu byl kolem 50 let.

Neékteri z lidi s nejvétsim renomé v oblasti umélé inteligenci se domni-
vaji, Ze tento obor uz nyni potfebuje smérnice — pravé tak jako biotechno-
logie.

Nakonec par myslenek o povinnostech védct (a techniki), ma-li jejich
vyzkum potencidlné socialni, ekonomicky a eticky dopad, ktery se tyka
vSech obcant.

Mezi védou a politikou je dilezité udrzovat odstup. Posuzovani rizik
by mélo byt oddélené od jejich fizeni. Védci by méli prijit s moznymi stra-
tegiemi na zakladé shody expertiz; pokud se ale pusti do lobbovani, méli by
uznat, Ze o ekonomickych, socialnich a etickych strankach jakékoli strate-
gie mluvi coby obcané a nikoli odbornici - a budou zastavat fadu stanovi-
sek. Rozhodnuti by méla byt prijimana demokraticky. Nékdy tak prijata
byla, ba dokonce i konstruktivné. Ve Velké Britanii vedl dialog se ¢leny par-
lamentu - navzdory rozdilnym postojiim k etice — ke vSeobecné obdivova-
né soustavé zakonu o embryich a kmenovych bunkach - coz kontrastuje
s tim, co se odehralo v USA. I my jsme ale zaznamenali netspéchy: debatu
o GM plodinach jsme nechali ¢ekat prili§ dlouho - az do okamziku, kdy
bylo minéni jiz polarizovano mezi ucastniky ekokampané na jedné strané
a komer¢nimi zajmy na strané druhé. Védci museji pfijmout zvlastni odpo-
védnost - i kdyz by méli akceptovat skutecnost, Ze o ekonomickych, sociél-
nich a etickych strankach jakékoli strategie mluvi jako obc¢ané a nikoli jako
experti.

Krasné priklady najdeme mezi atomovymi védci, ktefi za 2. svétové
valky vyvijeli prvni jaderné zbrané. Osud jim v déjinach urcil stézejni roli.
Mnozi z nich - muzi jako Jo Rotblat, Hans Bethe a Rudolf Peierls - se s tle-
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Experts disagree on how long it will take before machines achieve
general- purpose human level intelligence. Some say 25 years. Others say
‘never’ The median guess in a recent survey was about 50 years

Some of those with the strongest credentials in Al think the field
already needs guidelines - just as biotech does.

Finally, a few thoughts about the obligations of scientists (and engi-
neers) when their investigations have potential social, economic and ethical
impacts that concern all citizens.

It's important to keep ‘clear water’ between science and policy. Risk
assessment should be separate from risk management. Scientists should
present policy options based on a consensus of expert opinion; but if
they engage in advocacy they should recognise that on the economic,
social and ethical aspects of any policy they speak as citizens and not as
experts — and will have a variety of views. The decisions should be made
democratically. Sometimes this has happened, and constructively too. In the
UK, a dialogue with parliamentarians led, despite divergent ethical stances,
to a generally- admired legal framework on embryos and stem cells — a con-
trast to what happened in the US. But we've had failures too: the GM crop
debate was left too late — to a time when opinion was already polarised
between eco- campaigners on the one side and commercial interests on the
other. Scientists have a special responsibility to engage — though they should
accept that on the economic, social and ethical aspects of any policy they
speak as citizens and not as experts.

There were fine examplars among the atomic scientists who develo-
ped the first nuclear weapons during World War II. Fate had assigned
them a pivotal role in history. Many of them - men such as Jo Rotblat,
Hans Bethe, and Rudolf Peierls — returned with relief to peacetime acade-
mic pursuits. But the ivory tower wasn't, for them, a sanctuary. They con-
tinued not just as academics but as engaged citizens — promoting efforts
to control the power they had helped unleash.

Scientists have a special responsibility to engage. You would be a poor
parent if you didn’t care what happened to your children in adulthood, even
though you may have little control over them. Likewise, scientists shouldn’t
be indifferent to the fruits of their ideas — their creations. They should try
to foster benign spin-offs - commercial or otherwise. They should resist, so
far as they can, dubious or threatening applications of their work.
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vou vratili k mirovym akademickym aktivitdim. Tato véz ze slonoviny ale
pro né nebyla tGtocistém. Dal Zili nejen jako akademicti pracovnici, ale i ja-
ko angazovani obc¢ané - podporovali snahu ovladnout silu, jiz pomahali
uvolnit.

Védci museji prijmout zvlastni odpovédnost. Byli byste $patni rodice,
nestarali-1i byste se o to, co bude s vasimi détmi v dospélosti, i kdyz s nimi
tfeba nic moc nenadélate. Podobné ani védci by neméli byt lhostejni vici
ovoci svych myslenek — svych vytvort. Méli by se snazit podporovat jejich
neskodné vedlejsi produkty — komer¢ni i nekomercni. Pokud mohou, méli
by se branit pochybnému ¢i hrozivému vyuziti své prace.

Zvlastni odpovédnost lezi na lidech z akademického svéta a na samo-
statné vydélecné ¢innych osobach - tyto skupiny se mohou do verejné de-
baty zapojit svobodnéji nez zameéstnanci vlady ¢i pramyslu.

Narody mozna musi spojit vic své svrchovanosti do novych organizaci
v duchu MAAE, WHO atd.

Nejvétsi vyzvou je samoziejmé to, Ze vétsina z dilezitych problémd,
pred nimiz svét stoji, je celosvétova a dlouhodoba. Musime jednat mezina-
rodné (kuptikladu to, zda néjaka pandemie uderi globalné ¢i nikoli, miize
zaviset tfeba na tom, jak rychle dokaze vietnamsky péstitel driibeze ozna-
mit jakoukoli podivnou chorobu). A mnohé z nich, tfeba ziskavani energie
a zména podnebi, znamenaji ¢asovou $kalu mnoha desetileti, coz je zjevné
daleko mimo ,,.komfortni zénu“ vétsiny politikd. V dlouhodobém horizon-
tu by se naptiklad cela Evropa patrné mohla spolehnout na solarni energii,
to by ale vyzadovalo stejnosmérnou rozvodnou sit po celém kontinentu. To
je obrovsky infrastrukturni projekt — neni ale o nic vét$i nez vystavba
evropskych Zeleznic v 19. stoleti. Naopak politici se staraji o své volice -
a pristi volby. Akcionari o¢ekavaji vynosy v kratkodobém horizontu. I nyni
zleh¢ujeme to, co se odehrava ve vzdalenych zemich, a dokonce i moralni
imperativ zlepsit zivotni udél dnesni ,,dolni miliardy®. A bereme na prilis
lehkou vahu problémy, které tu zanechame novym generacim.

»Kosmickd lod Zemé* se fiti prazdnem. Cestujici jsou rozruseni
a prchlivi. Systém udrzujici je pfi Zivoté snadno podléhd poruchdm a hava-
riim. Prili§ malo se ale planuje, prili§ malo se mysli do budoucna. Bez §irsi-
ho pohledu - bez védomli, ze jsme vsichni na tomto prelidnéném svété spo-
le¢né — nestanovi vlady spravné prioritu projektu, které jsou z politického
hlediska dlouhodobé, i kdyby slo v d¢jinach nasi planety o pouhy okamzik.
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A special obligation lies on those in academia, and on those who are
self- employed entrepreneurs - these groups have more freedom to
engage in public debate than employees of government or industry.

Nations may need to merge more sovereignty in new organizations
along thelines of IAEA, WHO, etc.

The biggest challenge, of course, is that most of the important issues
facing the world are global and long term. We need to act internationally
(for instance, whether or not a pandemic gets global grip may hinge, for
instance, on how quickly a Vietnamese poultry farmer can report any
strange sickness.) And many of them - energy and climate change, for
instance, involve multi- decade timescales - plainly far outside the ‘comfort
zone' of most politicians. For instance, in the long-run maybe all Europe
could depend on solar energy, but this would require a continent wide DC
grid. A huge infrastructure project but no bigger than the construction of
European railways in the 19t century. In contrast, politicians look to their
own voters — and the next election. Stockholders expect a pay-off in the
short run. We downplay what’s happening even now in far-away countries
- even the moral imperative to improve the lot of today’s ‘bottom billion’
And we discount too heavily the problems we’ll leave for new generations.

“Space-ship Earth” is hurtling through the void. Its passengers are
anxious and fractious. Their life-support system is vulnerable to disruption
and break- downs. But there is too little planning, too little horizon-scan-
ning. Without a broader perspective — without realizing that we're all on
this crowded world together — governments won’t properly prioritise pro-
jects that are long-term in a political perspectives, even if a mere instant in
the history of our planet.

Unlike our 17th century forebears who I cited at the beginning of this
talk, we know a great deal about our world - and indeed about what
lies beyond. Technologies that our ancestors couldn’t have conceived en-
rich our lives and our understanding. Many phenomena still make us fe-
arful, but the advance of science spares us from irrational dread. We know
that we are stewards of a precious ‘pale blue dot’ in a vast cosmos - a planet
with a future measured in billions of years, whose fate depends on humani-
ty’s collective actions.

We need a change in priorities and perspective — and soon - if we
are to navigate the challenges of the 215t century: to share the benefits
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Na rozdil od nasich predka ze 17. stoleti, jeZ jsem citoval na zac¢atku
této prednasky, toho o nagem svété vime hodné - a vlastné i o tom, co lezi
za jeho hranicemi. Nage zivoty a nase znalosti obohacuji technologie, které
si nadi predkové nemohli ani predstavit. Mnohé jevy nas dosud naplnuji
bazni, pokrok védy nds ale usetfi iracionalniho désu. Vime, Ze jsme spravci
drahocenné ,,bledémodré tecky“ v nesmirném kosmu - planety s budouc-
nosti zvici miliard let, jejiZ osud zavisi na spolecnych ¢inech lidstva.

Potfebujeme zménu priorit a perspektiv — a to brzy - mame-li proplout
uskalimi 21. stoleti: musime sdilet uzitek plynouci z globalizace, upred-
nostnit Cistou energii a udrzitelné zemédélstvi a zvladnout prométheov-
skou vyzvu, jiz pfedstavuje stale mocné;jsi technika.

Budeme potrebovat idealistické a efektivni vzepéti sil prirodovédci,
ekologtl, sociologti a humanistt. Ti se musi fidit intuici, kterou jim da véda,
inspirovat se ale musi hodnotami, jez véda sama o sobé dat nedokaze.

A posledni slovo davam velkému védci - biologu Peteru Medawarovi:

»Hrana, ktera zvoni lidstvu, jsou ............. jako zvonce alpského skotu.
Jsou privazana k nasim vlastnim krkéim a musi to byt nase chyba, nevyda-
vaji-li libozvu¢ny a melodicky zvuk.“
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of globalization, to prioritise clean energy, and sustainable agriculture;
and to handle the Promethean challenge posed by ever more powerful tech-
nology.

We'll need the idealistic and effective efforts of natural scientists,
environmentalists, social scientists and humanists. They must be guided
by the insights that science will offer, but inspired by values that science
itself can’t provide.

And T give the last word to a great scientist — the biologist Peter
Medawar:

“The bells that toll for mankind are.............. like the bells of Alpine catt-
le. They are attached to our own necks, and it must be our fault if they do
not make a tuneful and melodious sound”
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Datova revoluce: Jak vyuzit digitalni prival
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Historicka udalost svétového vyznamu
Digitalni revoluce uplynulych desetileti je historickd udélost svétového vy-
znamu, ktera je stejné zasadni jako zavedeni tiskarského lisu, je ale daleko-
sahlejsi. Zapricinila nebyvaly rozmach moznosti ziskavat, ukladat, zpraco-
vavat a okamzité pfenaset ohromné objemy slozitych dat - takzvana ,velka
data“! Existuje ,,internet véci®, v némz jakékoli zatizeni se zdrojem energie
dokaze ze svého okoli sbirat data, jez mohou byt ¢erpana a integrovana do
velkych dat, neboli ,,rozsahlych dat® aby se ukazaly doposud netusené sou-
vislosti. Diky pristupu k takovymto datlim se méni mnoho oblasti vyzku-
mu. Integrace rtiznorodych datovych soubort véetné - a to je stézejni -
udaji z pfirodnich véd s daty ze spolecenskych a humanitnich véd je stale
vy$$i prioritou pro feseni mnoha globalnich problémi. Ackoli se tato revo-
luce dosud nezavrsila, jiz vyvolala zdsadni zmény ekonomického a socidl-
niho chovani a md dalekosahlé diisledky ve védé, jelikoz umoznuje nalézt
ve zkoumanych jevech struktury, jez dosud lezely mimo nase obzory.
Veliké uspéchy védy v uplynulych staletich spocivaji predevsim v po-
chopeni pomérné jednoduchych systémil, které nejsou vzajemné propoje-
ny. Moderni pocita¢ dovolil vyzkumnym pracovnikiim namodelovat dy-

1 Velka data jsou velkd kviili objemu, ktery dané systémy museji vstrebat, zpracovat a §i-
tit dal; kvtili své rtiznorodosti a slozitosti; a kvili rychlosti obousmérného toku dat
mezi systémy, které s nimi manipuluji. Ve védach zabyvajicich se Zemi a vesmirem, ve
fyzice a genomice atd. jsou dnes bézné datové soubory o velikosti terabytil. Stejné
vhodny je nékdy i pojem rozsahla data a to zvlasté tam, kde se slucuji data z velice
rozdilnych zdrojii, jez Casto znamenaji velké potize, ale také prilezitost pro analyzu
a nové objevy. Vznikaji sémantické techniky, které ke sloviim a obrazkiim ptifazuji
doplitkové informace, aby mohl software pochopit jejich smysl. Sémantické vyhleda-
vani propojuje podobné pojmy, ¢imz stavajici sit dokumenti pro lidské uzivatele pte-
tvari v sit dat, kterou dokaze vyuzivat a analyzovat software a dat ji tak hlubsi smysl.
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THE SCIENTIFIC CHALLENGES

A world-historical event

The digital revolution of recent decades is a world historical event as pro-
found and more pervasive than the introduction of the printing press. It
has created an unprecedented explosion in the human capacity to acqui-
re, store, manipulate and instantaneously transmit vast and complex data
volumes - so called “big data”!

There is an “internet of things”, where any device with a power sour-
ce is able to collect data from its environment that can be harvested and
integrated as big data, or “broad data’, to demonstrate hitherto unsus-
pected relationships. Many areas of research are being transformed by
the access to such data. The integration of diverse data sets including,
crucially, natural science with social and human science data, is an
increasingly important priority for many global challenges. Although
this revolution has not yet run its course, it has already produced funda-
mental changes in economic and social behaviour and has profound
implications for science, permitting patterns in phenomena to be identi-
fied that have hitherto lain beyond our horizon.

1  Bigdataare big because of the volume that systems must ingest, process and disse-
minate; because of their diversity and complexity; and because of the rate at which
data streams in or out of the systems that handle them. Terabyte-sized data sets
are now common in Earth and space sciences, physics and genomics etc. The
term broad data is sometimes equally appropriate, particularly where data from
highly diverse sources is integrated, and which often pose the great difficulties and
opportunities for analysis and discovery. Semantic technologies are developing
in which words and images are given supplementary information so that software
can understand their meaning. Semantic search links similar ideas together, the-
reby turning the current web of documents for human users into a web of data that
software can use and analyse as a basis for deeper meaning.
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namické chovani slozitych systému. Rozbor velkych dat jim nyni umoznu-
je popsat komplexitu dopodrobna. Propojeni téchto dvou pristupt
k uchopeni komplexity miize potencialné otevrit novou éru védeckého
chapani slozitosti, ktera stoji v pozadi mnoha zavaznych problémd, jez
v soucasnosti znepokojuji lidstvo: ,globalni vyzvy“ jako tfeba infekéni
choroby, vycerpavani zasob energie, cetné aspekty socidlniho chovani,
zména prirodniho prostiedi a ptsobeni globalni ekonomiky jsou vysoce
vzajemné propojené systémy, jez jsou ze své podstaty slozité a lezi mimo
dosah redukcionistickych postupd, které presto ztistavaji mocnym nastro-
jem arzendlu védy.

Zakladnim ndstrojem pfi stanovovani souvislosti mezi daty je jiz dlou-
hou dobu pomérné jednoducha klasicka statistika vychazejici z regrese.
Mnohé ze slozitych vztahi, které se nyni snazime vypozorovat pomoci vel-
kych ¢ili rozsahlych dat, jsou hluboko pod rozli$ovaci schopnosti téchto
metod a nase rozbory a znalosti musi udélat jesté velky pokrok, ma-li byt
zaruceno, Ze zavéry odvozené z velkych dat budou platné. Datové naro¢na
strojova analyza a strojové uceni zac¢inaji byt vSudypfitomné a v mnoha
oblastech nabizeji moznost lepsiho rozhodovani vychazejiciho z prokaza-
nych fakt. Nastoluji ale téz zasadni otazky ohledné mozného odtrzeni stro-
jové analyzy od lidského poznani a toho, co to znamena byt vyzkumnym
pracovnikem v epose naro¢né na data.

JAK NA TUTO VYZVU REAGOVAT: IMPERATIV OTEVRENYCH DAT

Jak si zachovat ,,autokorekci®

Otevfenost je zdkladem, na némz stoji pokrok védy v moderni dobé. Dovo-
luje prezkoumavat logiku propojujici diikazy (data) a tvrzeni z nich odvo-
zena a testovat opakovatelnost pozorovani ¢i pokusi, ¢imz tato tvrzeni
podpori, nebo vyvrati - jde o princip, jenz byva oznacovan za ,,autokorek-
ci® Velka data a véda, kterd s nimi intenzivné pracuje, tento zasadni princip
zpochybnuji obrovskou naroc¢nosti zpfistupnéni dat v podobé, ktera by je
umoznila snadno a peclivé prezkoumat. Velka data existuji, jen zfidkakdy
jsou ale pristupna primérené kontrole. Oteviena data jsou klicovou priori-
tou soucasnosti, mame-li zachovat integritu a davéryhodnost védy a jeji
vyuzitelnost coby spolehlivého prostredku k ziskavani znalosti.
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The great achievements of science in recent centuries lie primarily in
understanding relatively simple, uncoupled systems. The modern com-
puter has permitted researchers to simulate the dynamic behaviour of
complex systems. The analysis of big data permits them now to describe
complexity in great detail. Coupling these two approaches to the unders-
tanding of complexity has the potential to usher in a new era of scienti-
fic understanding of the complexity that underlies many of the major
issues of current human concern: “Global challenges” such as infectious
disease, energy depletion, numerous aspects of social behaviour, envi-
ronmental change and the operation of the global economy are highly
coupled systems, inherently complex, and beyond the reach of the redu-
ctionist approaches that nonetheless remain powerful tools in the armou-
ry of science.

Relatively simple, regression-based, classical statistics have long been
the basic tools for establishing relationships in data. Many of the com-
plex relationships that we now seek to capture through big- or broad-
data lie far beyond the resolving power of these methods, and there is
a major step of analysis and learning to be done to ensure that inferences
drawn from big data are valid. Data-intensive machine-analysis and ma-
chine-learning are becoming ubiquitous, creating the possibility of
improved evidence-informed decision making in many fields. But they
also poses profound questions about the potential disconnect between
machine analysis and human cognition, and what it means to be a re-
searcher in a data-intensive age.

RESPONDING TO THE CHALLENGE: THE OPEN DATA IMPERATIVE

Maintaining “self-correction”

Openness has been the bedrock on which the progress of science in the
modern era has been based. It has permitted the logic connecting evi-
dence (the data) and the claims derived from it to be scrutinised, and the
replicability of observations or experiments to be tested, thereby suppor-
ting or invalidating those claims - a principle that has been termed “self-
correction”. Big data, and data intensive science, challenge this vital prin-
ciple through the shear complexity of making data available in a form
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Je tudiz zasadni, aby data, ktera prinesla ditkazy uverejnénych tvrzeni,
souvisejici metadata, jez dovoluji jejich opétovny rozbor, a kody pouzité pri
nevyhnutelné pocitacové manipulaci se slozitymi datovymi soubory byly
soubézné zptistupnény peclivé kontrole, mame-li tento zivotné dulezity sa-
moopravny proces zachovat. Je odpovédnosti nejen vyzkumnych pracovni-
ka, ale téz védeckych nakladatelstvi zajistit, aby data (v¢etné metadat), na
nichz je zaloZeno néjaké uverejnéné védecké tvrzeni, byla soucasné uvolné-
na k prezkoumani. Jiny postup by mél byt povazovan za védecké pochybe-
ni.

DEFINICE OTEVRENYCH DAT

Prosté zpristupnéni dat nestaci. Data musi byt ,oteviena inteligentné®?
coz znamend, Ze je 1ze dtikladné prosetfit a znovu rigorézné pouzit. Méla by
byt splnéna nasledujici kritéria. Data musi byt nalezitelna — vyhledanim na
internetu lze okamzité odhalit, Ze existuji; pFistupna - data lze elektronicky
importovat do pocitace; srozumitelna — musi existovat dostatek doplnuji-
cich informaci, aby byl jasny vyznam dat pro konkrétni zkoumanou proble-
matiku; zhodnotitelna — uzivatelé museji byt schopni posoudit otazky, jako
je zpusobilost pivodcii dat nebo to, nakolik by mohli mit finan¢ni zajem na
konkrétnim vysledku; pouzitelna - musi existovat pfiméfena metadata
(udaje o datech, diky nimz jsou tato data pouzitelna), coz muze stale casté-
ji vyzadovat zpristupnéni kddu, ktery byl vyuzit k vytvoreni odvozenych
dat, a nékdy i charakteristik daného pocitace.

Hranice otevienosti

Oteviend data by méla byt standardnim postupem u vefejné financovanych
vyzkumnych dat. Ne vSechna data v§ak mohou byt zpfistupnéna vSem li-
dem za vSech okolnosti. Existuji opravnéné vyjimky z otevienosti v otaz-
kach soukromi osob, bezpe¢nosti a zabezpedeni a opodstatnéného obchod-
niho tajemstvi. Tyto kategorie by ale nemély byt pouzivany k pausalnimu
odtivodnovani vyjimek, jez by naopak mély byt uplatinovany pripad od pri-

2 Science as an Open Enterprise. 2012. The Royal Society Policy Centre Report,
02/12. https://royalsociety.org/topics.../science...enterprise/report/
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that is readily subject to rigorous scrutiny. Big data exists; but it is rarely
adequately open to scrutiny. Open data is a vital current priority if the
integrity and credibility of science and its utility as a reliable means of
acquiring knowledge are to be maintained.

It is therefore essential that data that provide the evidence for publis-
hed claims, the related metadata that permit their re-analysis and the
codes used in essential computer manipulation of complex datasets, are
made concurrently open to scrutiny if the vital process of self-correction
is to be maintained. The onus not only lies on researchers but also on
scientific publishers to ensure that the data (including the meta-data) on
which a published scientific claim is based is concurrently available for
scrutiny. To do otherwise should be regarded as scientific malpractice.

THE DEFINITION OF OPEN DATA

Simply making data accessible is not enough. It must be “intelligently
open”? meaning that it can be thoroughly scrutinised and rigorously re-
used. The following criteria should be satisfied. Data must be discove-
rable - a web search can readily reveal its existence; accessible - the
data can be electronically imported into a computer; intelligible — there
must be enough background information to make clear the relevance of
the data to the specific issue under investigation; assessable — users must
be able to assess issues such as the competence of the data producers or
the extent to which they may have a pecuniary interest in a particular
outcome; usable — there must be adequate metadata (the data about data
that makes the data useable), which may, increasingly, require the code
used to create derived data, and sometimes the characteristics of the
computer, to be made accessible.

Boundaries of openness
Open data should be the default position for publicly funded research
data. However, not all data can be made available to all people in all

2 Science as an Open Enterprise. 2012. The Royal Society Policy Centre Report,
02/12. https://royalsociety.org/topics.../science...enterprise/report/

Kniha l.indb 45 1542016 14:19:33



46 Datova revoluce: Jak vyuzit digitalni prival

padu, pricemz by bylo na navrhovateli, aby prokazal konkrétni dtvod vy-
jimky ze standardu.

Jak zménit spolecenskou dynamiku

Tvorivé a plodné vyuziti této revoluce umoznéné vyvojem technologii bude
také zaviset na zménach socialni dynamiky védy, coz obnasi nejen ochotu
sdilet a zvefejnovat data, aby je mohli znovu pouzit i ostatni a to i pro jiné
ucely, ale i uznani odpovédnosti tak ucinit.

Ackoli véda je mezinarodni aktivitou, odehrava se prevazné v ramci
statnich systémd, jez jsou organizovany, financovany a motivovany narod-
nimi kulturnimi zvyky a prioritami. Oteviend data v éfe naro¢né na data
mohou byt skutecné efektivni pouze tehdy, pokud zde budou systémova
opatfeni na narodni i mezinarodni urovni. Na narodni Grovni je zapotiebi,
aby vldda uznala hodnotu, jiz stat ziska z otevienych dat, dale aby ti, kdo
rozhoduji o védecké politice, zavedli motivaci vedouci k otevienosti na uni-
verzitach a v ustavech, potom aby tyto instituce podporovaly a od svych
vyzkumnych pracovniki vyzadovaly procesy zalozené na otevienych da-
tech a kone¢né aby ucené spole¢nosti, které formuluji priority a postupy ve
svych oborech, héjily oteviena data jako dulezitou prioritu.

Odpovédnost spociva i na mezinarodnich organech, jako je Vybor pro
data ve védé a technologii (CODATA) a Svétovy datovy systém (WDS) spa-
dajici pod Mezinarodni radu pro védu (ICSU) a Aliance pro data ve vyzku-
mu (RDA), které musi propagovat a podporovat vyvoj systémtl a postupt,
které zaruc¢i mezindrodni pfistup k datlim, interoperabilitu a udrzitelnost
bez ohledu na vnitrostatni procedury. Pfi zjistovani, kde je potfeba zména,
je dulezité rozlisovat mezi témi zvyklostmi, které vznikly, protoze byly dob-
fe prizpusobeny néjaké tehdejsi technologii, které ale nyni mohou byt ne-
slucitelné s uplatnénim vyhod néjaké nové technologie, a témi zvyklostmi,
které odrazeji zasadni, na technologii nezavislé priority a hodnoty.

Argument pro statni politiku otevienych dat spociva v podchyceni
hodnoty otevienych dat’ ve prospéch statu a v zajisténi rigoréznosti mistni
védy a uc¢inné mezinarodni védecké spoluprace v dobé oplyvajici daty.
Mnoho statnich systémi podpory védy - zvlast ty, které jsou dobfe finan-

3 Ekonomicka hodnota otevienych dat byla odhadnuta na 3-5 biliont dolart za rok
v ramci sedmi komerénich sektort. McKinsey Global Institute: Open Data, 2013
(www.mckinsey.com/.../open_data_unlocking_innovation_and_performance).
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circumstances. There are legitimate exceptions to openness on matters of
personal privacy, safety and security and legitimate commercial confi-
dentiality. These categories should not however be used as the basis for
blanket exceptions, which should be applied on a case by case basis, with
the onus on a proponent to demonstrate a specific reason for an excep-
tion to the default.

Changing the social dynamic

Creative and productive exploitation of this technologically-enabled re-
volution will also depend upon changes in the social dynamics of
science, involving not only a willingness to share and to release data for
re-use and re-purposing by others but the recognition of a responsibility
to do so.

Although science is an international enterprise, it is largely done wi-
thin national systems that are organised, funded and motivated by nati-
onal cultural habits and priorities. Effective open data in a data intensive
age can only be realised if there is systemic action at national and inter-
national levels. At national level it there is need for government to reco-
gnise the national value to be gained from open data, for science policy
makers to set incentives for openness from universities and institutes,
for these institutions to support and require open data processes by the-
ir researchers and for the learned societies that articulate the priorities
and practices of their disciplines to advocate open data as an important
priority.

Responsibilities also fall on international bodies, such as the Inter-
national Council for Science’s (ICSU) Committee on Data for Science
and Technology (CODATA) and World Data System (WDS), and the
Research Data Alliance (RDA), to promote and support developments of
the systems and behaviours that will ensure international data access,
interoperability and sustainability, irrespective of national procedures. In
establishing where change is required, it is important to distinguish
between those habits that have arisen because they were well adapted to
a passing technology but which may now be inimical to realisation of the
benefits of a new one, and those habits that reflect essential, technology-
independent priorities and values.
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covany - se v reakci na tyto moznosti rychle prizpisobuje. Je vSak zcela
zasadni, aby se prizpusobily i systémy podpory védy v zemich s nizkymi
a sttednimi prijmy a aby kvili nepoméru ve financovani nevznikla ,védo-
mostni propast®. Zvlast dulezité je, aby takovato propast nevznikla v souvis-
losti s globalnimi problémy, kdy globalnich feseni — téméf nevyhnutelné
vychazejicich z datové naro¢né védy - 1ze dosahnout pouze tehdy, pokud je
globalni i ucast. Aby odvritila potencidlni nebezpeci takovéto védomostni
propasti, diskutuje organizace Science International moznost spusténi roz-
sahlého testu budovani kapacit pro praci s otevienymi daty o velkém obje-
mu pro zemé s nizkymi a sttednimi pfijmy a za¢ina s programem pro Afri-
ku.

OTEVRENA VEDA

Soucasny posun smérem k ,,oteviené védé“ odrazi dynamiku, v jejimz ram-
ci se védecka praxe stile vice vynofuje zpoza zavienych dveri laboratofi,
aby se $iroce angazovala jakoZto nezbytnd verejna aktivita v dobé, kdy jsou
spolehlivé védomosti a jejich efektivni $ifeni zcela zasadni, mame-li dosah-
nout globdlni udrzitelnosti a rovnosti. Oteviend data jsou nepostradatel-
nou soucasti tohoto procesu. V dobé poklesu respektu a vSudypritomné
komunikace jiz nepostacuje oznamovat védecké zavéry v zalezitostech ty-
kajicich se vefejného zajmu a obav bez poskytnuti udajt (dat), které je do-
kladaji a které tudiz mohou byt pfedmétem intenzivniho a rigorézniho
zkoumani. Rozs$ifovani obc¢anské védy, do niz je zapojeno mnoho lidi
ucastnicich se seriéznich vyzkumnych programu bez formélniho védecké-
ho vzdélani, nahlodava hranici mezi profesionalnimi a amatérskymi védci.
Ztejmy narust pripadii podvodného jednani, jez ¢asto obnasi smyslena da-
ta ¢i pochybnou manipulaci s nimi, sebou nese riziko, Ze podryje divéru
verejnosti ve védu, pro niz musi byt otevienost vici prezkumu dulezitou
soucasti nutnych napravnych opatieni.

Vefejné poznatky ¢i soukromé poznatky?

Oteviené védecké znalosti jsou vSeobecné povazovany za verejny statek
a absolutni zaklad lidského usudku, inovaci a blahobytu spole¢nosti. Jejich
produktivnost nazorné doklada poznamka pripisovana dramatikovi Geor-

Kniha 1.indb 48 1542016 14:19:33



The Data Revolution: Exploiting the Digital Deluge 49

The rationale for a national open data policy lies in ensuring the ri-
gour of its national science, in capturing the value of open data’ for nati-
onal benefit and as an efficient collaborator in international science in
a data-rich era. Many national science systems, particularly those that
are well-funded, are adapting rapidly in response to these opportunities.
It is vital however that science systems in low- and middle-income
countries also adapt, and that a “knowledge divide” does not develop
because of disparities of funding. It is particularly important that such
a divide does not develop in relation to global challenges, where global
solutions, almost inevitably based on data-intensive science, will only be
achieved if there is global participation. In order to avert the potential of
such a knowledge divide, Science International is discussing the possibi-
lity of launching a major big data/open data capacity building exercise
for low- and middle-income countries, starting with an Africa program-
me.

OPEN SCIENCE

Current moves towards “Open Science” reflect a dynamic in which scien-
tific practice is emerging more and more from behind closed laboratory
doors to engage widely as a necessary public enterprise in an era when
reliable knowledge and its effective communication are vital if global
sustainability and equity are to be achieved. Open data is an essential
part of that process. In an era of diminished deference and ubiquitous
communication it is no longer adequate to announce scientific conclusi-
ons on matters of public interest and concern without providing the evi-
dence (the data) that supports them, and which can therefore be subject
to intense and rigorous scrutiny. The growth of citizen science, which
involves many participants without formal science training in serious
research programmes, is eroding the boundary between professional and
amateur scientists. The apparent increase in fraudulent behaviour, much
of which includes invention or spurious manipulation of data, risks

3 The economic value of open data has been estimated as $3-5 trillion per annum
across seven commercial sectors. McKinsey Global Institute: Open Data, 2013
(www.mckinsey.com/.../open_data_unlocking innovation_and_performance).
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gi Bernardu Shawovi: ,,Mdte-li jablko a mdm-li i ja jablko a tato jablka si
vyménime, potom vy i ja budeme mit stdle po jednom jablku. Mdte-li ale né-
jaky napad a ja mam néjaky napad a tyto napady si vyménime, potom bude-
me mit oba po dvou ndpadech.” Digitalni technologie nam poskytuji mocné
médium, pomoci néjz lze takovéhoto znasobeni vykonu a tvotivosti dosah-
nout rychlou vyménou a rozvojem myslenek na zakladé interakce mnoha
nazoru.

Mnoho vlad dnes uznava potencialni vyznam otevienosti dat, ktera
maji ve svém drzeni, s cilem posilit finan¢ni zisk opétovnym kreativnim
vyuzitim vefejnych zdroji ke komer¢nim tceltim, dosahnout konkrétnich
cilt verejné politiky, zvysit zodpovédnost statni spravy nebo byt vnimaveé;jsi
k potfebam obcanti. Pristup k takovymto udajim miize mit tézZ zna¢nou
védeckou hodnotu, zvlast v socialnich védach pri vyhodnocovani spole-
¢enskych a ekonomickych trendt a v lékafskych védach pfi posuzovani
optimélnich zdravotnickych strategii na zédkladé zaznamt o zdravotnim
stavu populace. Je tfeba se postarat o to, abychom se vyhnuli privatizaci
vefejnych zdroji ¢i naopak nefizenému a neodsouhlasenému piistupu
k osobnim informacim. Dnes existuji mezivladni iniciativy, které maji ote-
vienost prosazovat, napiiklad Partnerstvi pro oteviené vladnuti, které dnes
zahrnuje 66 ucastnickych zemi po celém svété, Charta otevrenych dat sku-
piny zemi G8 a zprava pro generalniho tajemnika OSN od nezavislé porad-
ni skupiny o datové revoluci pro udrzitelny rozvoj.

Je vSak dulezité si uvédomit, zZe existuje i protichtidny trend obchod-
nich modeld zaloZenych na zachyceni a privatizaci poznatki vyprodukova-
nych celou spolecnosti a to prostfednictvim monopold a ochrany dat. Je
v rozporu s étosem védeckého badani a zakladni potiebou lidstva svobod-
né vyuzivat myslenky. Nemd-li védecké snazeni pod takovymito tlaky
ztroskotat, je ze strany védecké komunity zapotrebi asertivné se vénovat
otevienym datlim, otevienym informacim a otevfenému védéni.
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undermining public trust in science, for which openness to scrutiny
must be an important part of the necessary corrective action.

Public Knowledge or Private Knowledge?

Open scientific knowledge has generally been regarded as a public good
and a fundamental basis for human judgement, innovation and the well-
being of society. Its productivity is illustrated by a comment attributed to
the playwright George Bernard Shaw: “if you have an apple and I have an
apple and we exchange these apples, then you and I will still each have one
apple. But if you have an idea and I have an idea and we exchange these
ideas, then each of us will have two ideas”. Digital technologies provide
a powerful medium through which such multiplication of productivity
and creativity can be achieved through rapid interchange and develop-
ment of ideas by the interaction of many minds.

Many governments now recognise the potential power of being
open with their own data holdings in order to enhance financial gain
through creative commercial re-use of a public resource, to achieve spe-
cific public policy objectives, to increase government accountability or
to be more responsive to citizens needs. Access to such data can also
be of considerable scientific value, particularly in the social sciences in
evaluating social and economic trends and in medical sciences in eva-
luating optimal public health strategies from population health records.
Care needs to be taken to avoid privatisation of a public resource or
uncontrolled and unconsented access to personal information. There
are now inter-governmental initiatives to promote openness, such as
the Open Government Partnership, which now involves 66 participating
countries worldwide, the G8 Open Data Charter and the report to the
UN Secretary- General from his Independent Advisory Group on the
Data Revolution for Sustainable Development.

It is however important to recognise that there is a countervailing
trend, of business models built on the capture and privatisation of social-
ly produced knowledge through the monopoly and protection of data. It
is at odds with the ethos of scientific inquiry and the basic need of huma-
nity to use ideas freely. If the scientific enterprise is not to founder under
such pressures, an assertive commitment to open data, open information
and open knowledge is required from the scientific community.
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SHRNUTI

Vychozi premisou chytrych vesnic je to, Ze moderni zptisob ziskavani ener-
gie muze slouzit jako katalyzator rozvoje venkovskych komunit nenapoje-
nych na sit a to v nékolika klicovych sektorech, jako jsou zdravi, vzdélavani,
zajisténi potravin, produktivni podnikani, ¢ista voda a hygiena, ekologicka
udrzitelnost a participa¢ni demokracie. To zase naopak prispiva k dalsimu
zdokonalovani modernich zpusobii ziskavani energie a zajistuje udrzitelné
dodavky elektriny, které pokryji potfeby vesnic, jako je dostupnost cistych
a uc¢innych kuchynskych spotfebicti a komunikacnich systému pro vyuku
a vzdélavani podle nejlepsich standardi. Nékteré vesnice v rozvojovych ze-
mich jiz vykazuji rysy odpovidajici tomuto holistickému konceptu a nékte-
ré vlady zahdjily kroky, jez jsou s timto cilem viceméné v souladu. Zame-
rem tohoto projektu tedy je $ifit mezi politickymi ¢initeli a lidmi s rozho-
dovaci pravomoci jak v rozvinutych, tak v rozvojovych zemich tyto
argumenty o rozsifujicich se moznostech a obtiznych ukolech, které vy-
vstaly v disledku rozvoje obnovitelnych technologii, a vyjasnit ramcové
podminky, které umozni venkovskym komunitam pfistup k energii, coz
urychli jejich dalsi rozvoj.
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SUMMARY

The central premise of smart villages is that modern energy access can act
as a catalyst for development in off-grid rural communities in several key
sectors such as health, education, food security, productive enterprise, cle-
an water and sanitation, environmental sustainability, and participatory
democracy. This in turn supports further improvements in modern energy
access, ensuring sustainable electricity supplies to meet village needs such
as the availability of clean and efficient appliances for cooking and commu-
nication systems for teaching and instruction in best practice. Some vil-
lages in developing countries already demonstrate features consistent with
this holistic concept and some governments have initiatives with characte-
ristics broadly consistent with this goal. The aim of this project, therefore,
is to advance the argument for policy makers and decision takers in deve-
loped as well as developing countries of the growing opportunities and
challenges that exist as a result of the progress in renewable technologies,
and to clarify the framework conditions that will enable energy access for
rural communities to catalyse their development.
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UVOD

Hodné se mluvi o ,,chytrych méstech® jakozto motorech hospodarského
ristu a zdroji vize budoucnosti pro méstské komunity. Méné pozornosti se
vénuje ucelené vizi pro venkovské komunity v 21. stoleti; 47 % svétové po-
pulace a 70 % chudych obyvatel svéta ale Zije ve venkovskych oblastech’.
Kolem 1,3 miliardy lidi (okolo 20 % svétové populace) nema pristup k elek-
tfing; vétsina z nich Zije na venkové a vsichni jsou chudi®. Ustiedni tezi to-
hoto ¢lanku tudiz je, Ze je zapotrebi venkovska obdoba chytrych meést -
chytré vesnice — koncept, ktery dokaze vystihnout venkovské ambice a moz-
nosti a byt motivaci a integra¢nim mechanizmem pro rozvojové iniciativy.
Dokud takovato venkovska spolecenstvi nemaji pristup k modernim ener-
getickym sluzbam, lze v rozvoji jejich hospodarstvi a zlepsenti jejich zivota
jen stézi postoupit dal.

Pojem energetické chudoby lze dolozit pfinejmensim do 19. stoleti,
kdy Herbert Spencer’ vyslovil hypotézu, ze zakladem rozvoje je schopnost
spole¢nosti ovladnout energii. Osoby Zijici v energetické chudobé lze defi-
novat jako...

...y, kteti Ziji z ptijmu nizZstho nez 1,15 dolaru na den a nemaji pristup
ke spolehlivé, bezpecné a 1icinné energii pro vareni, osvétlent, vytapéni a me-
chanicky pohon... [a] jsou zavisli na skodlivé energii, jako je biomasa spalo-
vand kviili vateni a vytapéni*.

Navzdory tomuto ddvnému poznatku a konzervativnimu odhadu, ze
na svété dnes v energetické chudobé zije mezi 1,5 az 3 miliardami osob, se
energetické chudobé dostavalo a7z donedavna méné pozornosti ze strany
odborniki na energii i politickych ¢initeld>®” 8 V minulych letech se po-
jem energetické chudoby znovu vynoril a zaujal predni misto v diskuzich
o mezinarodni i statni vefejné politice’. Nepriznivy dopad energetické chu-
doby je nejtvrdsi mezi venkovskymi komunitami a je nacase uvazit, jak mi-
ze zvraceni této situace rozvijenim konceptu chytré vesnice ovlivnit mnoha
pfimymi i nepfimymi cestami zdravi, vzdélani, hospodafskou ¢innost, pro-
duktivitu a kvalitu Zivota vesnic¢and.

Iniciativa Chytré vesnice (www.e4sv.org) byla zalozena, aby ur¢ila
a propagovala ramcové podminky, jez umozni venkovskym komunitam
ptistup k energii, ktera urychli jejich rozvoj. Cilem Iniciativy je ukazat po-
litickym ¢initelim, darctim a rozvojovym agenturam zabyvajicim se pfistu-
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INTRODUCTION

Much has been made of ‘smart cities” as engines for economic growth and
providing a vision of the future for urban communities. Rather less attenti-
on has been given to an integrated vision for rural communities in the
21* Century; but 47% of the world’s population, and 70% of the world’s
poor, live in rural areas'. About 1.3 billion people (around 20% of the
world’s population) do not have access to electricity; most of them live in
the countryside and all of them are poor?. Hence, the central proposition of
this paper is that a rural analogue to smart cities is needed — smart villages
- a concept which can encapsulate rural aspirations and opportunities, and
provide motivation and an integrating mechanism for development initia-
tives. Until such rural communities have access to modern energy services,
little progress can be made to develop their economies and improve their
lives.

The concept of energy poverty can be traced back at least to the
19" century when Herbert Spencer® hypothesized that a society’s ability to
harness energy was the basis of development. The energy poor can be de-
fined as...

...people who live on less than $1.15 per day and have no access to reli-
able, safe, and efficient energy for cooking, lighting, space heating and mecha-
nical power...[and] who rely upon harmful energy like biomass-generated fire
for their cooking and heating'.

Despite this early insight and a conservative estimate of between 1.5 to
3 billion individuals in the world today being energy poor, energy poverty
has until recently received rather little attention from both energy experts
and policy makers™>®” 8. In recent years, the concept of energy poverty has
reemerged and taken its place at the forefront of international and national
public policy discussions’. The negative impact of energy poverty is most
severe among rural communities and it is timely to consider how its rever-
sal through the development of a smart village concept can affect the heal-
th, education, economic activity, productivity, and quality of life of villagers
in numerous direct and indirect ways.

The Smart Villages Initiative (www.e4sv.org) has been established to
identify and communicate the framework conditions that enables energy
access for rural communities to catalyse their development. The Initiative
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pem venkova k energii novy pohled na skute¢né prekazky - technické, fi-
nanc¢ni a politické — branici vesnicim v rozvojovych zemich v pfistupu
k energii a na to, jak je lze prekonat.

Chytré vesnice - koncepce

Ustfednim vychodiskem piedstavy chytrych vesnic je to, ze za predpokladu
uceleného pristupu k rozvoji vesnic a splnéni odpovidajicich podminek
(v¢etné pristupu k prislusnym technologiim, dostate¢nych technickych ka-
pacit a sluzeb, podpory regulatorniho a politického prostredi a dostupnych
financi) mohou venkovské komunity své podnikatelské kapacity zapojit
a rozvijet tak, aby vesnicim zajistily moderni energetické sluzby'. Moderni
pristup k energii mtize poslouzit jako katalyzator rozvoje - jde o vzdélava-
ni, zdravi, zajiténi potravin, produktivni podnikani, ¢istou vodu a hygie-
nu, ekologickou udrzitelnost a participa¢ni demokracii. To zase naopak
podporuje dalsi zdokonalovani moderniho pfistupu k energiim a zajistuje
udrzitelné dodavky elektfiny, které pokryji potieby vesnic, a dostupnost
cistych a uc¢innych kuchynskych spottebica.

Obyvatelé takovychto komunit by tudiz postupné dokazali vést zdravy
zivot, ktery by je vic naplnoval, rozvinuli by sviij rastovy potencial, vydéla-
li by si na rozumné Zivobyti a byli by ve spojeni se $ir§im okolim. V diisled-
ku toho by vesnicané méli skute¢né na vybér mezi zivotem ve mésté, nebo
v chytré vesnici. Mohli by ziskat mnohé z vyhod méstského Zivota a zaro-
ven by si uchovali cenéné aspekty venkovského Zivota a zajistovali by tak
vyvazeny rozvoj na urovni celého statu.

Mezi klicové rysy predpokladané u chytrych vesnic patfi propojeni
s malymi i velkymi mésty a to jak fyzickou infrastrukturou, tak prostred-
nictvim informacni a komunika¢ni technologie (IKT), ktera je k dispozici
diky pristupu k energii. IKT muze zlepsit vzdélavani a zdravotni sluzby;,
protoze zajisti pristup k védomostem z celého svéta, otevie moznosti dalko-
vého studia a umozni nasazeni telemediciny. Mize zlepsit vyhlidky stavaji-
cich venkovskych podniki a pfinést nové moznosti zajisténi pfijmu a za-
méstnani tim, Zze umozni pristup na trhy a zpfistupni informace o nich.
Navic mtze IKT potencialné umoznit ucast na spravnich procesech na
mistni, regionalni i celostatni Grovni.

Diky zemédélské a mistni primyslové produkci o vysoké pridané hod-
not¢ urc¢ené na vyvoz na domdci i mezindrodni trhy a také diky zbozi
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aims to provide policy makers, donors and development agencies concer-
ned with rural energy access with new insights into the real barriers to
energy access in villages in developing countries — technological, financial
and political - and how they can be overcome.

Smart Villages - the concept

The central premise of the smart villages concept is that given the appro-
priate enabling conditions (including access to appropriate technologies,
sufficient technical capacities and services, supportive regulatory/policy
frameworks, and affordable finance) and an integrated approach to de-
velopment, rural communities can harness and develop entrepreneurial
capacities to provide modern energy services'’. Modern energy access can
act as a catalyst for development - education, health, food security, produ-
ctive enterprise, clean water and sanitation, environmental sustainability
and participatory democracy. This in turn supports further improvements
in modern energy access, ensuring sustainable electricity supplies to meet
village needs and the availability of clean and efficient appliances for coo-
king.

Progressively, residents of such communities would consequently be
able to lead healthy and more fulfilling lives, achieve their development
potential, earn a viable living, and be connected to the wider world. As
a result, villagers would be given a real choice between life in a city or
a smart village. They could capture many of the benefits of urban living
while retaining valued aspects of rural life, and ensuring balanced de-
velopment at the national level.

Among the key characteristics envisaged in smart villages are con-
nections to towns and cities both through physical infrastructure and
through information and communications technologies (ICT) enabled by
energy access. ICT can enhance education and health services, providing
access to the world’s knowledge base and opportunities for distance lear-
ning, and enabling the deployment of tele-medicine initiatives. It can
enhance the prospects of existing rural enterprises and bring new opportu-
nities for income generation and employment through enabling access to
markets and market information. Furthermore, ICT has the potential to
enable participation in governance processes at local, regional and national
level.
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a sluzbam pro mistni venkovsky trh mohou byt chytré vesnice doplikem
chytrych mést coby motor hospodarského rustu. Navic se mohou chytré
vesnice stat spravci zivotniho prostredsi, jiz zajisti, Ze rozvoje dosahnou zpi-
sobem, ktery bude udrzitelny s ohledem na dopad na mistni Zivotni pro-
stiedi.

Vykonné podniky a zafizeni s vy$§imi naroky na energii budou muset
byt umistény do stfediskovych obci, kde je bude zasobovat celostétni sit,
pokud je dostate¢né blizko, nebo v piipadé mnoha odlehlych komunit to
budou mistni minisité, které jsou pohanény obnovitelnymi zdroji energie
- v nékterych pripadech ve smisené podobé s naftovymi generatory. Roz-
ptylenéjsi komunity kolem strediskovych obci budou typicky vyuzivat do-
maci solarni systémy, které jim zajisti dodavku elektfiny na zakladnéjsi
urovni, dokud k nim nebude mozné rozsifit rozvodné sité'’. Nasledujici
oddily dale rozvadéji nékteré z klicovych ryst predpokladanych u chytrych
vesnic. Vytycuji ctizadostivou vizi chytrych vesnic, jejimz smyslem je pod-
nitit diskuzi a povzbudit ambice. Jisté vesnice v rozvojovych zemich jiz vy-
kazuji nékteré z nastinénych ryst, ackoli jen maloktera z nich - pokud vi-
bec néjaka — dosahla viech. Nékteré vlady jiz zahajily kroky, které maji roz-
vijet chytré vesnice, jez budou zhruba v souladu s témi vlastnostmi, které
jsou nastinény zde. V Indii naptiklad v fijnu 2014 spustil predseda vlady
Nérendra Médi Program vzorovych parlamentnich vesnic (Saansad Adar-
sh Gram Yojana), v jehoZz ramci je kazdy clen parlamentu povéfen, aby
adoptoval tfi venkovské obce a zajistil, aby se tyto vesnice do roku 2019
pfeménily na ,,chytré vesnice®. Tento program prejima holistickou predsta-
vu rozvoje, v niz je kazda vesnice napojena na internet a vSechny domac-
nosti maji pristup k ¢isté vodé¢, hygienickym prostfedkiim a energii s niz-
kou uhlikovou stopou''.

1. Zdravotni stav

Energetickd chudoba ma velmi redlny a vyznamny nepfiznivy dopad na
zdravi mnoha vesni¢anti. Procesy, diky nimz mize energetickd chudoba
ovliviiovat zdravi, jsou rtiznorodé. Na nejzakladnéjsi urovni muze energe-
ticka chudoba zpusobit, Ze pro domdcnosti bude obtizné ziskat pristup
k pitné vodeé a vyzivné stravé kvili nakladéim na prevareni vody a pfipravu
jidla'™ > %15 Pfi vafeni jidla navic miva typickd technika energetické chu-
diny - kam patfi petrolejové kahany a tradi¢ni kuchynska kamna - za na-
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By producing high-value added agricultural and rural industry produ-
cts for export to national and international markets as well as goods and
services for local rural markets, smart villages can complement smart cities
as engines of economic growth. Moreover, smart villages can become ste-
wards for the environment, ensuring that their development is achieved
sustainably in respect of impacts on local environments.

Productive enterprises and facilities with higher demands for power
will need to be located in hub villages, supplied by the national grid if suf-
ficiently close, or for the many remote communities, by local mini-grids
driven by renewable energy sources, in some cases in hybrid forms with
diesel generators. The more dispersed communities around the hub vil-
lages will typically use solar home based systems to provide more basic le-
vels of electricity supply until distribution networks can be extended to
them™.

The following sections elaborate on some of the key features envisaged
for smart villages. They set out an ambitious vision for smart villages, inten-
ded to stimulate discussion and to stretch aspirations. Certain villages in
developing countries already demonstrate some of the outlined features,
though few, if any, have yet to achieve all of them. Some governments alrea-
dy have initiatives to develop smart villages with characteristics broadly
consistent with those outlined here. For example, in India Prime Minister
Modi launched Saansad Adarsh Gram Yojana (Parliamentarian’s Model Vil-
lage Scheme) in October 2014 in which each Parliamentarian is mandated
to adopt three rural villages and ensure that these villages are transformed
into ‘Smart Villages’ by 2019. The scheme takes a holistic vision of develop-
ment in which each village is connected to the internet and where all house-
holds have access to clean water, sanitation and low-carbon energy"'.

1. Health

Energy poverty has a very real and significant negative impact on the heal-
th of many villagers. The channels through which energy poverty atfects
health are varied. At the most basic level, energy poverty may make it dift-
icult for households to access potable water and a nutritious diet due to the
cost of boiling water and cooking food '»'*!* >, Furthermore, when food is
cooked, the energy poor’s typical technologies, which include kerosene
lamps and traditional cook stoves, tend to result in extremely harmful in-
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sledek nesmirné skodlivé znecisténi domaciho prostredi, které ma na své-
domi vysoky vyskyt respira¢nich onemocnéni zvlasté u Zen a déti' (tabul-
ka 1). Sbér biomasy - jehoz se obvykle ujimaji Zeny a déti — navic vede
k pomérné vysokeé incidenci télesnych zranéni>'® .

Tabulka 1: Zdravotni vysledky z vesnice mimo sit v oblasti Binana v Za-
padni provincii ve Rwandé'®.

Doba Doba vazné | Podil domacnosti Podil domacnosti
nemoci nemoci pijicich neupravenou | uvadéjicich neptiznivy
ve dnech* ve dnech** vodu zdravotni dopad petroleje

nebo topiva na vareni

11,628 8,027 40,12 % 42,2 %

* Pocet dni béhem priimérného mésice, kdy byl alespon jeden ¢len domacnosti nemocny, vazeny
celkovym pocétem nemocnych ¢lentt domacnosti.

** Pocet dni béhem primérného mésice, kdy byl alespon jeden ¢len domacnosti vazné nemocny,
vazeny celkovym pocétem vazné nemocnych ¢lentt domdcnosti. Vazné nemocni jsou definovani
jako osoby, které nemohou pracovat nebo vykonavat bézné ¢innosti.

Spatny ptistup k modernim energiim, zvlasté k elektiiné, je také kame-
nem urazu pro venkovské kliniky a mafi poskytovani moderniho preven-
tivniho, diagnostického a lékarského oSetieni. Navic je kvili nedostatku
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Obrazek 1: Pocet umrti ve svété za rok podle pficiny, 2008 a 2030 (pfedpovéd)®.
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door area pollution that is responsible for a high incidence of respiratory
disease, particularly for women and children' (Table 1). Additionally, the
collection of biomass - usually undertaken by women and children - leads
to a relatively high incidence of physical injury® !¢,

Table 1: Health outcomes from an off-grid village in Binana Cell, Wes-
tern Province, Rwanda'®

Number Number Proportion Proportion of households

of days sick* of days of households citing negative health impact
severely drinking of kerosene or cooking fuel
sick** untreated water

11.628 8.027 40.12% 42.2%
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*The number of days in an average month where at least one household member was sick, weigh-
ted by the total number of household members sick

**The number of days in a an average month where at least one household member was severely
sick, weighted by the total number of household members severely sick. Severely sick defined as
unable to work or undertake normal activities.

Poor access to modern energy, particularly electricity, is also a major
stumbling block for rural health clinics frustrating the provision of modern
preventative, diagnostic and medical treatments. Furthermore, a lack of
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Figure 1: Annual deaths worldwide by cause, 2008 and 2030 (projected)®.
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moderni energie obtizné prildkat a vyskolit kvalifikované pracovniky ve
zdravotnictvi a je pfedem vylouceno vyuzivat efektivni informacni a ko-
munika¢ni technologie k $ifeni informaci a zvySovani povédomi o epide-
miich a hygiené*'>'” (obrazek 1).

Novéjsi odhady Svétové zdravotnické organizace (WHO) zdtraznuji,
ze nedostate¢ny pristup k ¢istym nebo modernim zdrojim energie na vare-
ni v domdcnostech prispiva k jesté vy$simu poctu predcasnych umrti — ce-
losvétove 4,3 milionu - a to zejména v zemich s nizkymi a stfednimi pfijmy
(LMIC). Tento vyssi odhad u 2,9 miliardy lidi Zijicich v domovech, které
jako primarni palivo pti vafeni pouzivaji dfevo, uhli nebo trus, lze pripsat
prevazné leps$im informacim, ale i diikaztiim o roli znecisténi ovzdusi pii
vzniku kardiovaskuldrnich a respiracnich chorob a rakoviny. Odhady
v ramci programu Global Burden of Disease ¢inily 110 miliont rokt zivota
upravenych o invaliditu (DALY; soucet roku ztracenych v disledku pred-
¢asné umrtnosti v populaci a roki ztracenych kvili invalidité)*.

Aby c¢elil témto zdravotnim problémtim a vyvinul bezpe¢nou a ekolo-
gickou energetickou alternativu zvlasté pro zeny, které jsou vystaveny nej-
vy$simu riziku kontaktu s nebezpe¢nymi latkami znecistujicimi ovzdusi
(HAP) béhem doby, kterou travi pripravou a varenim jidla*, spustil global-
ni energeticky gigant BP roku 2005 vyzkumny projekt v Indii, kde je 80 %
venkovskych domadcnosti odkdzano na biomasu jakozto primarni zdroj
energie””. BP Energy India spolupracoval s mnoha zainteresovanymi sub-
jekty vcetné zenskych skupin z venkova, neziskovou organizaci Covenant
Centre for Development (CCD) a Indickym tstavem védy v Bangalore. Ta-
to spoluprace vedla ke vzniku mikrozplynovaciho sporaku Oorja - bezkou-
fového sporaku na biomasu ur¢eného zejména pro venkovské domacnosti.
Sporak pouziva jako palivo pelety vyrabéné ze zemédélského odpadu véet-
né drti z cukrové trtiny, kukuri¢né kase atd. a spalovani probiha s vysokou
uc¢innosti. Do indickych domacnosti se mezi roky 2006 a 2010 dostalo pres
400 000 sporakt Oorja. Piivodné je prodavala spole¢nost Emerging Consu-
mer Markets (ECM), coz byla divize BP, a potom odstépny zdvod nazvany
First Energy. Oorja je prvni vyspély mikrozplynovac na bazi biomasy, ktery
se prodaval ve velkém. Nejen Ze domacnosti ve venkovském statu Tamilna-
du, které se rozhodly pro sporak Oorja, hldsily vyznamné tspory, ale také
pokles pripadt podrazdéni oci a dalsi zdravotni vyhody>.
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modern energy makes it difficult to attract and train skilled health care
workers and also precludes the use of effective information and communi-
cation technologies for disseminating information and raising awareness
about epidemics and hygiene* > ' (Figure 1).

More recent estimates of the World Health Organisation (WHO) high-
light that the lack of access to clean or modern energy sources for cooking
indoors contributes to an even higher figure of premature deaths - 4.3 mil-
lion globally - primarily in low and middle income countries (LMICs).
This higher estimate for the 2.9 billion people living in homes using wood,
coal or dung as their primary cooking fuel was largely attributable to better
information, as well as evidence about air pollution’s role in the develop-
ment of cardiovascular and respiratory diseases, and cancers. Estimates of
the Global Burden of Disease amounted to 110 million disability-adjusted
life years (DALYSs; sum of years lost due to premature mortality in the po-
pulation and the years lost due to disability) ».

To counter these health issues and develop a safe eco-friendly energy
option, in particular among women who are most at risk of exposure to
HAP through the time spent in the preparation and cooking of food*, the
global energy giant BP initiated a research project in India in 2005 where
80% of rural households depend on biomass as the primary energy sour-
ce’?. BP Energy India collaborated with multiple stakeholders including
rural women’s groups, Covenant Centre for Development (CCD) and the
Indian Institute of Science, Bangalore. This collaboration resulted in the
creation of the Oorja micro-gasifier cookstove — a smokeless biomass sto-
ve primarily for rural households. The stove uses pellets produced from
agricultural waste including sugarcane crush, mush of corn etc. as fuel,
and combustion is highly efficient. Between 2006 and 2010, over 400,000
Oorja stoves were sold to households in India initially by BP’s Emerging
Consumer Markets (ECM) division and then by a spin-off company cal-
led First Energy. The Oorja is the first advanced biomass based micro-
gasifier that has been sold at a large scale. Households in rural Tamil
Nadu state that adopted the Oorja stove not only reported significant eco-
nomic savings but also a reduction in eye irritation and other health be-
nefits>.
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Okénko 1: Aplikace mHealth zaloZené na IKT

Swasthya Slate?’ je prenosna diagnosticka jednotka, kterd slouzi jako roz-
hrani pro tablety a chytré telefony s Androidem a umozni provést az 100
(v soucdasnosti) diagnostickych testl i test kvality vody. Je zkonstruovana
jako ,,plug-and-play” zafizeni a vyzaduje pomérné kratké Skoleni zdravot-
nickych pracovnik(. Swasthya Slate byla navriena tak, aby se vyrabéla za
priblizné setinu ceny diagnostickych nastrojli, které obsahuje. Uklada in-
formace do cloudu a kazdy uZivatel dostane registracni Cislo, takze pro kli-
niky a nemocnice je snadné dostat se k datim pacientl. Je mozné ji vzit
do vzdalené vesnice, kde mlze byt kazdy otestovan a vysledky Ize odeslat
doktorovi, ktery mlze rozhodnout o I1écbé. Senzorové soucastky, které ode-
silaji data do digitalni platformy Swasthya Slate, jsou standardni ,sériové”
produkty vyZadujici jen nenarocnou udrzbu a snadno je Ize nahradit. Jejich
provoz je mozné monitorovat na dalku.

Sit Uganda Health Information Network?® pouziva ruéni pfenosnd zafizeni
osazena dobijecimi bateriemi, které se nabijeji pomoci solarnich paneld.
Jsou napojeny na African Access Points (bezdratové pfistupové body). Tento
systém podobné podporuje zdravotnické pracovniky nachazejici se mimo sit
a zajistuje zalozni zdroj pro ty, kdo se nachézeji v oblastech, kde je celostatni
sit pripadné nespolehliva. V soucasnosti je v provozu vice nez 700 zafizeni,
ktera slouzi vice nez milionu lidi ve 174 zdravotnickych strediscich.

Stanice Inveneo High-Efficiency Computing Station®. Zdravotnicka zafizeni
mimo sit béZzné spoléhaji na naftové generétory, z ¢ehoz plynou nardstajici
naklady na palivo, nutna udrzba a vypadky proudu. Jako alternativni zdroj
energie jsou pravidelné navrhovany solarni panely, vykon nutny pro chod
standardni vypocetni techniky vSak mdze jejich vyuZiti omezit. Stanice Inve-
neo High-Efficiency Computing Station je prikladem zafizeni o nizké spotre-
bé energie, které Ize pohanét soldrnimi panely. Jednotka Inveneo odebira
pouze 17 wattl v porovnani s vice nez 50 watty potfebnymi pro typicky
laptop a 150-200 watty pro starou pracovni stanici s monitorem. Budouci
projekty mHealth se pfi feseni obecnéjsi problematiky zajistovani energie
budou muset zaméfit na pouzivani zafizeni s nizsi spotfebou energie.

Sporak Oorja také povzbudil rozvoj inovativnich prodejnich a distri-

o1y

arastra

zalozila mistni neziskova organizace Swayam Shuikshan Prayog (SSP) spo-
le¢ensky prospésny podnik Sakhi Retail, ktery se py$ni distribu¢ni siti zahr-
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Box 1 ICT-enabled mHealth applications

The Swasthya Slate?” is a portable diagnostic unit that interfaces with
Android tablets and smart phones to conduct up to (now) 100 diagnostic
tests, as well as a water quality test. It is designed on a ‘plug-and-play’
basis and requires relatively little training of healthcare workers. The Swa-
sthya Slate has been designed for production at approximately 1/100* the
cost of its component diagnostic tools. It stores information in the cloud
with each user being given a registration number, making it easy for clinics
and hospitals to access patient data. It can be taken into a remote village
where everyone can be tested and the results transmitted to a doctor who
can decide on treatment. The sensor components that send data to the
Swasthya Slate digital platform are standard ‘off-the-shelf’ requiring low
levels of maintenance and are easily replaced. Their operation can be re-
motely monitored.

The Uganda Health Information Network?® uses handheld, portable devi-
ces fitted with rechargeable batteries that are charged using solar panels.
They are connected to African Access Points (wireless network points). This
system similarly supports healthcare workers located off-grid and provides
a back-up source for those located in regions where the national grid may
be unreliable. Currently more than 700 devices are in operation serving
more than a million people across 174 health centres.

The Inveneo High-Efficiency Computing Station®. Off-grid health facilities
commonly rely on diesel generators which have implications for increasing
fuel costs, required maintenance and power failures. Solar panels are re-
gularly suggested as an alternative energy supply, however the power re-
quired to support standard computing hardware can limit their use. The
Inveneo High-Efficiency Computing Station is an example of a low energy
consuming device that can be powered by solar panels. An Inveneo unit
draws just 17watts of power compared to over 50watts required for a typi-
cal laptop and 150-200watts for an old workstation with monitor. mHealth
projects of the future will need to focus on using lower energy consumpti-
on devices as part of addressing the overall issue of energy provision.

The Oorja has also inspired the development of innovative last-

65
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sales and distribution models. In Maharashtra state, the Swayam Shuikshan
Prayog (SSP) a local NGO established a social enterprise, Sakhi Retail
which boasts a distribution network comprising of more than 830 local fe-
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nujici vic nez 830 venkovanek (mistnich koncovych prodejcti, Sakhi)
a 7 skladu, které pokryvaji 630 vesnic po celé venkovské casti statu Maha-
rastra. Tento obchodni model spojuje prodej sporaku Oorja s produkty,
jako jsou solarni svitilny, organické hnojivo, vyzivové doplnky pro dobytek,
informac¢ni SMS sluzby pro sedlaky a nizkonakladové sady pro cisténi
a chlazeni vody. Tyto podnikatelky zaznamenaly podstatny nartst pfijma.
Navzdory veobecnému pfijeti sporaku Oorja ve venkovskych statech Ma-
harastra a Tamilnadu zde pfi rozsifovani projektu do dalsich oblasti Indie
zustava rada obtiznych ukold.

Moderni pristup k energii mize vyznamné zlepsit zdravotni stav oby-
vatel venkova diky tomu, Ze podpofi pouzivani mobilnich technologii, které
lze vyuzit pti diagnostice, monitorovani a o$etfovani pacientti a které posili
moznosti zdravotniki. Pfiklady moznych aplikaci téchto na IKT zaloZenych
technologii z rozvojovych zemi jsou uvedeny v okénku 1. Tato mobilni zdra-
votni feSeni (mHealth) mohou dale posilit schopnost ziskavat epidemiolo-
gické udaje, coz prinasi moznost uc¢innéji zasahnout a zajistit ,,v¢asné varo-
vani®, pokud jde o prudké sifeni nakazlivych chorob - naptiklad cholery ¢i
o nedavnou katastrofalni epidemii eboly v zapadni Africe***>%.

2. Vzdélavani

Pristup k moderni energii v chytrych vesnicich miize potencialné omezit
potiebu tradi¢nich zdroji biomasy (naptiklad palivového dfivi) na vareni.
To znamena, Ze se sbérem tradi¢ni biomasy stravi méné casu a klesne ne-
mocnost respira¢cnimi chorobami zptisobenymi znecistujicimi a neucinny-
mi sporaky. Moderni piistup k energii umoznuje také zajistit dobrou tro-
ven osvétleni navecer. Jde o faktory, které neptiznivé ovliviiuji schopnost
studentil ucit se a nasledné rozvinout sviij spolecensky a hospodarsky po-
tencial>* .

Skoly s udrzitelnou dodavkou energie mohou také zajistit lepsi tiroven
vzdélavani - jak je naznaceno v okénku 2 - a to prostfednictvim interneto-
vé $koly napajené slunecni energii a vybavené technologii IKT, coz je pro
$koly moderni doby stale dilezitéjsi informacni médium a jednoznaény
magnet, ktery piedstavuje podnét pro zlepseni skolni dochazky'>?'. Skoly,
kterym chybi IKT technologie i zakladnéjsi vymozenosti, jako je osvétleni
a tekouci voda, maji mensi $anci, Ze dokazi prilakat a udrzet si dobré ucite-

lels, 32
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male rural retail entrepreneurs (Sakhis) and 7 warehouses covering 630 vil-
lages across rural Maharashtra. The business model combines sale of Oorja
with products like solar lanterns, organic fertiliser, cattle feed supplement,
SMS information services for farmers and low cost water purification and
cooling kits. The women entrepreneurs have witnessed a substantial increa-
se in incomes. Despite the widespread adoption of the Oorja in rural Ma-
harashtra and Tamil Nadu, a number of challenges remain to upscaling the
project to other areas of India.

Modern energy access can significantly improve the health of rural
dwellers by supporting the use of mobile technologies that can be used for
the diagnosis, monitoring, and treatment of patients, and the empowering
of health workers. Examples of the potential applications of these ICT-ena-
bled technologies in developing countries are given in Box 1. These
mHealth solutions can further enhance the ability to gather epidemiologi-
cal data, providing the opportunity for more effective interventions as well
as the provision of an ‘early warning’ capability in respect to outbreaks of
contagious diseases, such as cholera and the recent disastrous Ebola epide-
mic in West Africa 2%,

2. Education

Access to modern energy in smart villages has the potential to reduce the
need for traditional sources of biomass (such as firewood) for cooking.
This means that there will be less time spent collecting traditional biomass
with reduced sickness from respiratory illness caused by dirty and ineffi-
cient cookstoves. And modern energy access enables good levels of ligh-
ting to be provided in the evenings. These are aspects that negatively affect
the ability of students to study and consequently to achieve their social and
economic potential 3.

Schools with sustainable energy supplies can also provide enhanced
levels of education, as outlined in Box 2, by a solar-powered internet school
equipped with ICT technology, an increasingly important medium of
information for schools in the modern age and a definite pull-factor in pro-
viding incentives for school attendance '>3'. Schools that lack ICT techno-
logy and, more basic amenities such as lighting and running water, are less
likely to be able to attract and retain good teachers '>**.
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Okénko 2: Internetovd Skola napdjend slunecni energii

Takovato ucebna vyuziva vyhradné solarni energii a mobilni technologie
a je naprosto nezavisla®. Cestu ji razi Samsung Electronics Africa s pro-
gramem Habitat for Humanity (Zivotni prostfedi pro lidstvo) a minister-
stvo Skolstvi jihoafrické provincie Gauteng a zaméruje se na zvyseni do-
stupnosti vzdélani a konektivity po celé Africe. Byla navrZzena zejména
pro vyuziti v odlehlych venkovskych oblastech s omezenym nebo zcela
chybéjicim pristupem k elektfiné. Kazda ucebna je vybudovana ve dva-
nactimetrovém prepravnim kontejneru, diky cemuz ji Ize nakladnim vo-
zem dopravit do odlehlych oblasti. Tyto Skoly jsou stavény pro prostredi
s malo zdroji, do drsnych povétrnostnich podminek a pro dopravu na
velké vzdalenosti. Dodavané vybaveni ucebny zahrnuje pétasedesati-
palcovou elektronickou tabuli a notebooky Samsung. Energii k napajeni
zafizeni uéebny zajistuji skladaci solarni panely; zafizeni dokaze bézet
jeden tyden bez slunecniho svétla. Aby byly solarni panely odolné, jsou
vyrobeny z pryZe misto skla. U¢ebna je také vybavena zdrojem nepreru-
Sovaného napdjeni (UPS), smérovacem, souborovym serverem a video-
kamerou a ty vSechny mohou komunikovat pres 3G satelitni pfipojeni.
Kvali Uspore energie a zajisténi temperovaného prostfedi ma ucebna
nékolik vrstev izolace a vétraci systém.

V mnoha rozvojovych zemich je pokryti mobilni siti rozsahlé a na we-
bu existuje vice nez 100 vzdélavacich a studijnich platforem, z nichz mnohé
by mohly byt v rozvojovych zemich nasazeny. Mezi né patii systémy rizeni
studia (LMS), které vyuzivaji prvky, jako je ,,gamification: vyuziti prvka
herniho uvazovani a herniho designu. Studenti jsou takto zaméstndni ve
smyslu ukold, soutézeni a zabavy prostiednictvim miniher, bodovani, od-
znakill a odmeén, které studenty do uceni zapojuji novymi zptsoby*.

Jednim z problému je nedostate¢né systematicka dodavka elekttiny.
Alternativni zdroje energie, jako jsou solarni panely nebo vétrné mikrotur-
biny a hybridni systémy vyuzivajici zalozni baterie, pomahaji bariéru ne-
soustavné nabijenych zafizeni prekonat. Chybi vyzkum dokladajici vliv
dodavek energie na jeji vyuzitelnost zvlasté v odlehlych vesnicich a studuji-
ci, jakou prekazku to predstavuje pro rtizné iniciativy. Tyto rozmanité fak-
tory jako celek jsou vSak prislibem zdokonaleni schopnosti studentt osvo-
jovat si védomosti a dovednosti nutné ke zlepseni vysledki, dosazeni hos-
podarskych cilt a zvy$eni produktivity.
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Box 2 Solar Powered Internet School

This classroom is exclusively solar-powered, mobile and completely inde-
pendent®. It is spearheaded by Samsung Electronics Africa with Habitat
for Humanity and the Gauteng Department of Education, South Africa, and
is geared to increasing accessibility to education and connectivity across
Africa. It has been designed particularly for use in remote rural areas with
limited or no access to electricity. Each classroom is built in a 12 metre long
shipping container, making them transportable via truck to remote areas.
The schools are built for low resource environments, harsh weather condi-
tions, and for long distance transportation. The classroom equipment pro-
vided includes a 65 inch E-board and Samsung notebooks. Energy to power
classroom equipment is provided by fold-away solar panels; equipment can
run for one week without additional sunshine. To ensure the solar panels
are durable, they are made from rubber instead of glass. The classroom is
also equipped with an Uninterrupted Power Supply (UPS), a router, a file
server and a video camera, all of which can communicate via a 3G satellite
connection. To conserve energy and insure a temperate environment, the
classroom has several layers of insulation and a ventilation system.

The mobile network coverage of many developing countries is extensi-
ve, and there are more than 100 educational learning platforms listed on
the World Wide Web, many of which could be employed in developing
countries. These include learning management systems (LMS) that make
use of features such as ‘gamification’: the use of game thinking and game
design elements. In this way students are engaged in a sense of challenge,
competition and fun through mini-games, points, badges and rewards that
involve students in new ways *.

One of the challenges is the lack of a consistent electricity supply.
Alternative power sources such as solar panels or micro-wind turbines, and
hybrid systems using back-up batteries, help to overcome the barrier of
having inconsistently charged devices. There is a lack of research documen-
ting the effects of energy supply on its utility particularly in remote villages
and the barrier that this poses to different initiatives. Taken together, howe-
ver, these various factors show promise for enhancing the ability of stu-
dents to acquire the knowledge and skills necessary to improve their per-
formance and achieve economic goals and improve productivity.
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3. Zajisténi potravin
Ptiblizné jeden ze sedmi lidi v rozvojovém svété nema zajisténé potraviny
- nemiize potraviny konzumovat nebo nema piistup k dostate¢cnému
mnozstvi jidla, které by mu zajistilo zdravy a aktivni Zivot®. Dodavky ener-
gie mohou chytrym vesnicim potencialné pomoci lépe si zajistit jidlo, jeli-
koz rolnici vyuziji zdokonalené zavlazovaci systémy, predpovédi pocasi,
infrastrukturu umoznujici skladovani v chladu a agronomické a trzni
informace. Celkové vzato budou chytré vesnice v lepsi situaci, kdy budou
moci tézit z vyhod zemédélské modernizace a zajistit si vétsi dil z hodnoto-
vého retézce v zemédélstvi (okénko 3).

Ptijem domdcnosti v chytré vesnici Rimbunan Kaseh v Malajsii byl
v disledku inovativniho zemédélského systému obohacen az o 500 dolart
za mésic*”. Kroky, jako je zajisténi internetu a vzdélavacich zatizeni, prav-
dépodobné této vesnici umozni rozvinout se v mistni stfedisko, které bude
okolni komunité nabizet prilezitosti z hlediska vzdélavani i zaméstnani.

4. Hospodafskd cinnost a produktivita

Hospodatskou ¢innost ve vesnicich Ize obecné rozdélit na zemédélstvi
a vSezahrnujici kategorii nezemédélské ¢innosti: venkovsky pramysl. Cel-
kové vzato ovliviiuje energeticka chudoba na vesnicich jak zemédeélstvi, tak
venkovsky pramysl prostfednictvim nizké produktivity a malé sance rust,
skryté nezaméstnanosti, nizkych pfijmi a hromadné migrace do mést*’.
Energeticka chudoba znamena, Ze vétsina rolniki nemad spolehlivy pristup
k elektfiné ani mechanické energii a chybi jim tudiz motoricka sila nutna
k pohonu zemédélské techniky a k zavlazovani. V dusledku toho rolnici ne-
mohou dosahnout na vyhody modernizace zemédélstvi, mezi néz patfi:
zvy$eni vynosu, intenzity obdélavani, spolehlivosti, hospodarnosti a pro-
duktivity, i snizené mzdové naklady a casova narocnost* *. Energeticka
chudoba také brzdi rozvoj venkovského primyslu kvili tomu, Ze zde nelze
zajistit vhodné osvétleni pro priimysl, aby bylo mozné rozsitit pracovni do-
bu, a kviili nedostupnosti technologie IKT, kterou by primysl mohl vyuzit
k ziskani relevantnich informaci o trhu a ktery by tedy lidem umoznila
informovanéji se rozhodovat v ramci podnikani a zaclenit se do slozitéjsich
hodnotovych fetézct*”*"¥. Energeticka chudoba mtize mit dopad na ven-
kovsky primysl, jelikoz omezuje schopnost lidi dopravovat a rozvazet zbo-
zi a sluzby* °. Neptimo ovliviuje také zemédélskou produktivitu kvili své-
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3. Food security
Approximately one in every seven people in the developing world is food
insecure - unable to consume, or have access to sufficient food to sustain a
healthy and active life*. Energy provision has the potential to help Smart
villages to become more food secure as farmers take advantage of improve-
ments in irrigation systems, weather forecasting, cold-storage infrastructu-
re, and agronomic and market information. Taken together, smart villages
will be in a better position to gain from the benefits of agricultural moder-
nisation and capture more of the agricultural value chain (Box 3).
Household income in the smart village of Rimbunan Kaseh in Malaysia
has been supplemented by up to USD 500 per month as a result of its innova-
tive agricultural system*. Developments such as the provision of internet and
educational facilities is likely to allow the village grow into a local hub, provi-
ding both educational and employment opportunities to nearby communities.

4. Economic activity and productivity

Economic activity in rural villages can generally be disaggregated into agri-
culture and a catch-all category of non-agricultural activity: rural industries.
Broadly speaking, energy poverty in villages affects both agriculture and
rural industry through low rural productivity and growth prospects, dis-
guised unemployment, low incomes and mass migration to cities®. Energy
poverty means that most farmers do not have reliable access to electricity or
mechanical power and hence lack the motive power required to drive farm
machinery and irrigation. As a result, farmers are unable to achieve the
benefits of agricultural modernisation that include: improvements in yields,
cropping intensities, dependability, cost efficiency and productivity, as well
as decreased labour and time costs® '*. Energy poverty also hinders rural
industry development through the inability to provide suitable lighting for
industries to extend their working hours, and the lack of ICT access which
could be used by industries to obtain relevant market information and the-
refore allow them to make more informed business decisions and integrate
into more complex value chains*>*"*_ It may impact rural industries throu-
gh limiting their ability to transport and distribute goods and services* .
Indirectly, energy poverty also affects agricultural productivity through he-
alth impacts due to, for example, indoor air pollution and time and effort
expended collecting biomass®'.
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mu vlivu na zdravi, ktery je naptiklad dusledkem znecisténi vzduchu v do-
macnostech a ¢asu a usili vynalozeného na sbér biomasy™'.
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Okénko 3: Zajisténi potravin

Rimbunan Kaseh, chytrad vesnice nachazejici se na severovychod od Kuala
Lumpuru, byla spusténa v bifeznu 2013 jako vefejno-soukromé partnerstvi
mezi spolecnosti IRIS Corporation Berhard a organizaci MIGHT — partner-
skou expertni skupinou, kterd sblizuje vladu, prdmysl a akademickou obec
— jejim poslanim je stimulovat na venkové rist tim, Ze do vesnic privede
21. stoleti®.

Vesnice je vybavena vysoce inovativnim zemédélskym systémem, ktery za-
jistuje splnéni mnoha mistnich potfeb a je zaclenény do globalnich zemé-
délskych hodnotovych retézcl. Je tomu tak do znacné miry diky produkci
plodin s vysokou hodnotou, jako je zlaty meloun a ryba bruéoun sladkovod-
ni, a tomu, Ze Rimbunan Kaseh se diky IKT zaclenila do globalnich hodnoto-
vych fetézcl, coz znamena, Ze jeji produkty lezi naptiklad na regalech singa-
purskych samoobsluh. Vesnici tvofi odolné, cenové dostupné a energeticky
nendro¢né domy pro pfiblizné 100 domacnosti a obec zajistuje vzdélavaci,
Skolici a rekreacni zafizeni. Moderni pfistup k energii je poskytovan mistni
samospravou jako jeden z mnoha vefejnych statkd.

Rimbunan Kaseh je mezi vesnicemi prikopnik v oblasti u¢inného vyuZivani
energie, jak doklada IRIS, jeji integrovany systém produkce zemédélskych
plodin, vodniho hospodafstvi a Zivocisné vyroby. Voda, kterd se nejprve po-
uziva ve vodnim hospodarstvi k péstovani ryb o vysoké hodnoté, se dale
recykluje a vyuziva k zavlaZovani plodin prostfednictvim systému AutoPot.
Tento energeticky nenarocny hydroponicky systém je zalozen na chytrém
ventilu, ktery zarucuje, Ze rostliny dostanou presné takové mnozstvi vody
a vyZivy, jaké je potreba. Zemédélsky odpad je mulcovan a pouzivan jako
krmivo pro drlbez, které slouzi také jako vstup pro vyrobu krmiva pro ryby
v ramci vodniho hospodarstvi.

Ptistup k energii a pfijeti digitalni revoluce zvysi pfidanou hodnotu,
ktera ziistane podnikavym rolnikéim. Ptiklady pfemény mistnich zdrojt na
nové produkty ndzorné doklada inovativni rozvoj v Malajsii (okénko 3)
a Tanzanii (okénko 4). Pristup k energii také dava moznost vybudovat nova
skladovaci zafizeni, na néz diky IKT navazuje vhodné nac¢asovana doprava
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Box 3 Food security

Rimbunan Kaseh, a smart village located North-East of Kuala Lumpur,
was launched in March 2013 as a public-private partnership between
IRIS Corporation Berhard and MIGHT — a partnership think tank that
brings together government, industry and academia — the mission is
to stimulate rural growth by bringing the 21 century to rural villages®.

Equipped with a highly innovative agricultural system provides for
many local needs, and is integrated into global agricultural value chains.
This is largely due to the production of high value crops, such as golden
melon and jade perch fish, and the ICT-enabled integration of Rimbu-
nan Kaseh into global value chains meaning that these products sit on,
for example, Singaporean supermarket shelves. The village consists of
durable, affordable and energy-efficient homes for approximately 100
households, and provides educational, training and recreational facili-
ties. Modern energy access is provided as one of a number of public
goods by the local government.

Rimbunan Kaseh is a rural pioneer in energy efficiency as demonstrated
by its IRIS integrated production system of agricultural crops, aquacul-
ture and livestock production. Water used first in aquaculture, where
highly valued species of fish are reared, is then recycled and used to
irrigate crops through the AutoPot system. This energy efficient hydro-
ponic system relies on a smart valve that ensures plants receive precise-
ly the level of water and nourishment required. Agricultural waste is
mulched to use as poultry feed which, also serves as an input to create
fish food for aquaculture.

Energy access and the adoption of the digital revolution improves the
value-added captured by entrepreneurial farmers. Examples of turning lo-
cal resources into new products are illustrated by innovative developments
in Malaysia (Box 3) and Tanzania (Box 4). Energy access also provides the
opportunity to develop new storage facilities linked by ICT to the timely
transportation of crops advised by information on market conditions. It
allows for both better business decisions to be made and increases the bar-
gaining power of rural producers with traders and wholesalers. In addition,
borders that have improved efficiency and simplified bureaucracy increase
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urody vychazejici z informaci o podminkach na trhu. Umoznuje 1épe se
rozhodovat v ramci podnikani a zvys$uje silu venkovskych péstitela pri vy-
jednavani s obchodniky a velkoprodejci. Hranice, kde se zlepsila vykonnost
a zjednodusila byrokracie, navic zvysuji obchodni tok a prosperitu lidi
v dovazejici zemi' '® 3%, pticemz je mnohem méné pravdépodobné, ze
spolu budou obchodnici a celnici pfimo interagovat, coz snizuje pravdépo-
dobnost korupce na obou stranach®.
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Okénko 4: Zpracovdni mléénych vyrobki v Tanzanii ve vesnici mimo sit

Masajska vesnice Terrat, ktera se nachazi v tanzanské oblasti Manyara stala
na rozcesti. Mladez odchazela do mést a mistni obyvatelé byli stale bez-
brannéjsi vici tlakam, které sebou nesla globalizace. Kdyz si vesni¢an Mar-
tin Saning’o Kariongi uZ jako teenager uvédomil, Ze mladsi generaci Zene
nedostatek ekonomickych pfileZitosti do vétSich obci a mést, zacal snit
o tom, jak rad by svou masajskou komunitu a socioekonomickou silu svého
lidu pozvedI. Vybudoval Ustav pro rozvoj orkonereiskych péstitelti dobytka
(I0PA), ktery ma vytvaret prileZitosti pro zvysovani ekonomické sily na za-
kladé iniciativy mistni komunity®.

IOPA zkoumal hlavni zdroje, které maji Masajové k dispozici — mléko a do-
bytek — a polozil si otazku, jak tyto zdroje pfeménit na ekonomickou pfile-
Zitost. Diskutovana byla myslenka zpracovavat prebytecné mléko a vyrabét
mlécné vyrobky o vyssi hodnoté, jako je syr, jogurt, maslo a ghi. S pomoci
jisté holandské rodinné nadace byla zaloZena nova spolecnost a pét jedno-
tek na zpracovani mléka.

Aby IOPA zajistil potfebnou elektfinu, obstaral tfi bionaftové generatory
o vykonu 300 kW. Generatory béZi na bionaftu vyrobenou z ddvivce a kro-
tonu, které se zpracovavaji v ramci firmy. Bionaftové generdtory pracuji
od 06:30 do 11:30 a udrzbu provadéji proskoleni vesnicané. Diky elektfiné
z generdtord se zpracovani mléka mohlo stat nadmiru Uspésnou ekonomic-
kou aktivitou. Denni vyrobni kapacita je mezi 1 000 az 2 000 litry a vesnice
své zpracované mlécné vyrobky dokdze uspésné vyvazet na specializované
celostdtni a regiondlni trhy.

Martin Saning’o Kariongi nyni na zvySeni ekonomické sily masajskych pés-
titeld dobytka pracuje na plny Uvazek a vyuZiva principy spolecensky pro-
spésného podnikani a zmén vychazejicich od ob¢and. Kromé dalsich néstro-
ja méficich vliv a vykonnost procest pouziva i socialni vynosnost investic.
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trade flows and improve the social welfare of the importing country'> 63
0, with traders and custom officials much less likely to interact directly
lowering the probability for corruption by either party*.
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Box 4 Processing dairy products in an off-grid village in Tanzania

Located in the Manyara region in Tanzania, the Maasai village of Terrat
was at a crossroads. The youth were leaving for cities and residents
were increasingly vulnerable to the pressures brought by globalisation.
Realising that a lack of economic opportunities was driving the young-
er generation into towns and cities, villager Martin Saning’o began to
dream of wanting to uplift his Maasai community and social-economic
empowerment of his people since he was a teenager. He developed the
Institute for Orkonerei Pastoralists Advancement (IOPA) to create op-
portunities for community-driven economic empowerment®,

IOPA examined the main resources available to the Maasai: milk and
livestock, and posed the question of how to turn these resources into
an economic opportunity. The idea of processing surplus milk to make
higher value dairy products, such as cheese, yoghurt, butter and ghee
was discussed and, with the help of a Dutch family foundation, a com-
pany and five milk processing units were founded.

To provide the necessary electricity, IOPA sourced three biodiesel gen-
erations of 300kW capacity. The generators run on biodiesel made
from jatropha and croton, which is processed in-house. The biodiesel
generators operate from 06:30 to 11:30 with maintenance undertaken
by trained villagers. Electricity from the generators has allowed for milk
processing to become an overwhelmingly successful economic activity.
Daily production capacity is between 1,000 to 2,000 litres per day and
the village is able to successfully export their processed dairy products
to niche national and regional markets.

Martin Kariongo is now working full time for the economic empower-
ment of the Maasai Pastoralists through Social business approaches and
Civic driven Change, measuring performance by using Social Return on
Investment among other impact and performance measurement tools.
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Venkovsky pramysl obecné tvori malé a stiedni podniky zamértujici se
na maloobchod, sluzby, vystavbu, vyrobu a opravy®. V ptipadé zpracova-
telského a stavebniho primyslu Ize pristup ke spolehlivému zdroji elektfiny
— obvykle pro potfeby pohonu hridele ¢i mechanickych stroji — povazovat
za nutnost, maji-li vznikat kvalitni produkty. Sledovani produktii a zasob
1ze zlepsit pouzivanim RFID stitka (identifikace na radiové frekvenci). Toto
elektronické zafizeni se sklada z antény a mikrocipu a umoznuje sledovani
zbozi prostiednictvim komunikace na radiové frekvenci. RFID stitky lze
také pouzivat k monitorovani stavu rychle se kazicich potravin, naptiklad
jejich teploty a vlhkosti, coz je ku prospéchu jak zdkaznika, tak venkovské-
ho prodejce. Tyto $titky rychle zacinaji byt vSudypritomné; hodnota RFID
priamyslu v roce 2014 byla pfiblizné 20 miliard dolara*'.

5. Zivotni prostiedi

Chytré vesnice se mohou ujmout role spravce svého mistniho zivotniho
prostredi, v ¢emzZ jim pomohou technologie monitorovani klicovych indi-
katort zivotniho prostfedi na délku - jde o diagnostiku lesa, kvality vody,
pudnich podminek a zmén krajiny. To by zajistilo trvalé poskytovani eko-
systémovych sluzeb klicovych pro udrzeni systémia umoznujicich zivot na
Zemi a pro zachovani tradic a prvka kultury néjaké zemé ¢i oblasti*>*> 44,
Vesnice se také mohou postarat o provoz komunalnich recyklac¢nich zafi-
zeni od recyklace odpadni vody, pres organicky odpad ze zemédélské vyro-
by, dalsi generaci zafizeni na recyklaci elektronického odpadu véetné tech-
nologii na skladovani a vyrobu energie (napf. baterie a solarni panely;
okénko 5). Podle toho, jakymi zemépisnymi podminkami je pfiroda obda-
fila, mohou nékteré chytré vesnice fungovat jako mistni strediska ekoturis-
tiky - jde o ¢innost, kterd muize zlepsit kvalitu zivota a propojeni venkov-
skych a méstskych komunit*.

Okénko 5: Jak formalizovat neformadlni sektor recyklace
olovénych akumuldtori

V soucasnosti jsou olovéné akumuldtory nejuspornéjsi technologii skla-
dovani elektfiny pro venkovské oblasti. Ve vesnicich jsou vSudypfitomné
a Casto Ziji novym Zivotem poté, co byly automobilovou baterii nebo se
pouZivaly jako jedna z variant skladovani elektfiny v fadé domacich so-
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Rural industries generally consist of small-and-medium enterprises
focusing on retail, services, construction, manufacturing and repair®’.
For manufacturing and construction industries, access to reliable elec-
tricity, usually for driveshaft/mechanical power, can be considered a ne-
cessity if quality products are to be built. The tracking of products and
inventories can be improved upon through the use of radio frequency
identification (RFID) tags. This electronic device consists of an antenna
and a microchip and allows for the tracking of goods via radio frequency
communication. The RFID tags can also be used to monitor the condi-
tions of perishable foods, such as temperature and humidity, which be-
nefits both the consumer and the rural seller. These tags are quickly be-
coming ubiquitous; in 2014 the RFID industry was worth approximately
$20 billion*'.

5. Environment

Smart villages can undertake a stewardship role for their local environment,
aided by technologies to remotely monitor key environmental indicators,
such as forest diagnostics, water quality, soil conditions and landscape
changes. This would ensure the continued provision of ecosystem services
crucial to maintaining the earth’s life-support systems and preserving tradi-
tions and elements of a region or country’s culture *>*>*-%_ They may also
look to host community-run recycling facilities ranging from the recycling
of wastewater, to organic waste from agro-processing, to next generation
facilities for the recycling of electronic-waste, including energy storage and
generation technologies (e.g. batteries and solar panels; Box 5). Depending
on geographical endowments, some smart villages may operate as regional
ecotourism hubs - an activity that can improve the welfare and connectivi-
ty of rural and urban communities *.

Box 5: Formalising the informal lead acid battery recycling sector

Currently, lead-acid batteries are the most economical electrical storage
technology for rural areas. They are ubiquitous in villages, often living
a second life after being a car battery or being used as a storage option
for a number of home-based solar electricity solutions. Like all batte-
ries, lead-acid batteries eventually become spent and can no longer be
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larnich systémda. Jako vSechny baterie, se i olovéné akumuldtory nakonec
opotrebuji a jiz je nelze nabijet ani vybijet. Zbyvajici olovéna pasta vsak
v rozvojovém svété z(stava cennou surovinou a ve venkovskych oblastech
se Casto recykluje a prodava prostrednictvim neformalnich hodnotovych
fetézcl. Bezpectna recyklace olovéné pasty obycejné vyzaduje velké pece
o vysoké teploté s nesmirné vysokymi pocatecnimi naklady, pro jejichz zis-
kovy chod je navic nutné vybudovat rozsahly provoz. V rozvojovém svété
je obtizné dosahnout nutného rozsahu distribu¢nich a sbérnych siti, které
by umoznily provoz téchto zavodd, a to dokonce i ve velkych méstech. To
znamena, Ze recyklace olovéné pasty ve venkovskych oblastech byva pro-
vadéna nesystematicky, v malém méritku a nebezpeénym zplsobem, coz
ma vyznamny nepfiznivy dopad na Zivotni prostiedi a zdravi obyvatel kvali
tomu, Ze olovéna pasta, kterou se nepodafrilo z baterii ziskat zpét, se dosta-
ne do pudy a fek.

Badatelé z Cambridgeské univerzity vymysleli inovativni recyklacni reseni,
které umoznuje rozpustit zbytek pasty z baterii v roztoku karboxylovych
kyselin (vylouhovanych z rostlin) za vzniku organickych sloucenin olova.
Tato latka je vystavena vysokym teplotdam a pfeménéna na oxid olovnaty
a kovové olovo, které umozni pfipravu nové pasty do baterii. Zdsadni je,
Ze tato inovativni metoda recyklace olovénych akumulatord vyzaduje mno-
hem méné rozsahlou infrastrukturu a lze ji bezpecné a Uspésné pouzivat
v méritku malych mést (a nikoli jen megalopoli), takze pfipousti mnohem
mensi a efektivnéjsi distribucni a shérné sité. Rozvoj tohoto nového zelené-
ho primyslového odvétvi nejenze prinese ekonomické prileZitosti pro ves-
nice (formalizovanim této neformalni ekonomiky), ale ochrani také Zivotni
prostiedi pred znecisténim olovénou pastou?®.

V soucasnosti je v kontextu venkovskych lokalit mimo sit vyznamny
nedostatek péce o produkty po skoncenti jejich zivotnosti. Komunity, které
nejsou pripraveny recyklovat pfisun soldrnich panelt, baterii, osvétlova-
cich zafizeni a jiného obecného elektronického odpadu (e-odpad) nebo to
nedokazi, vytvareji problém, jehoz prikladem je odvétvi solarniho ,,piko-
osvétleni, kde maji produkty obecné priimérnou uvadénou Zivotnost pou-
hého 1,5 roku a mnohé z nich vytrzi stézi 6 mésici®. Pfi stavajicim neza-
jmu vlad a vyrobcti o péci o vyrobky po skonceni zivotnosti nemaji vesni-
¢ané zadné znalosti o spravném postupu likvidace ani pottebné nastroje
a nékteti se uchyluji k likvidaci e-odpadu v suchych zachodech nebo jej za-
kopavaji do zemé, coz ma zjevné zhoubny vliv na zdravi a Zivotni prostfedi.
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charged and discharged. The remaining lead paste, however, remains a
valuable material in the developing world and is often recycled in rural
areas and sold through informal value chains. Conventionally, the safe
recycling of lead paste requires large high-temperature furnaces with ex-
tremely high up-front capital costs and which require significant econo-
mies of scale to operate profitably. In the developing world, it is difficult
to achieve the required size of distribution/collection networks to ena-
ble these plants to operate, even in large cities. This means that recyc-
ling of lead paste in rural areas tends to be undertaken in a haphazard,
small-scale and unsafe way which has significant negative environmental
and health impacts due to unrecovered lead paste making its way into
soil and rivers.

Researchers at the University of Cambridge have devised an innovative
recycling solution that allows for residual battery paste to be dissolved
in a solution of carboxylic acids (leached from plants) to produce lead
organic material. This material is subjected to high temperatures and con-
verted to lead monoxide and metallic lead, allowing for the preparation
of new battery paste. Crucially, this innovative method of recycling lead-
acid batteries requires much smaller-scale infrastructure and can be sa-
fely and successfully undertaken at the scale of small towns (rather than
mega-cities), enabling much smaller and more effective distribution/col-
lection networks. Development of this new green industry will not only
provide an economic opportunity for rural villages (through formalising
the informal economy) but also safeguard the environment from lead
paste pollution®.

79

Currently there is a significant lack of end-of-life consideration for
products in a rural off-grid context. Communities that are not prepared or
able to recycle the incoming influx of solar panels, batteries and lighting
products, as well as other general electronic waste (e-waste) create a pro-
blem which is exemplified by the solar ‘pico-lighting’ industry, where pro-
ducts in general have an average stated life-span of only 1.5 years, and many
of these products barely make it to 6 months*’. With the current disregard
amongst governments and manufacturers for end-of-life care of products,
villagers have no means or knowledge of correct disposal methods, with
some resorting to disposing of their e-waste in latrines, or burying it under-
ground, obviously with deleterious outcomes for health and the environ-
ment.
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Tyto potize lze prekonat povzbuzovanim vyrobct a darcii, aby o své
produkty pecovali ,,od kolébky az do hrobu®, jak to propaguji Edinburska
univerzita, Silicon Valley Toxics Coalition a Turing Trust, ktefi na nedav-
ném workshopu v Nairobi zkusebné spustili Pico-Solar Scorecard”. Pro-
gramy pobidek a zpétného odbéru ve spojeni s angazovanim a vzdélavanim
lidi 1ze vyuzit a zajistit tak, aby se vesnice chovala skute¢né chytre ohledné
toho, jak likviduje nebezpecné latky. Soubézné je tfeba plné podporovat
moznost systémy a produkty opravovat, a nikoli tomu aktivné branit (jak je
tomu u mnoha vyrobct navrhujicich produkty cilené tak, aby bylo obtizné
se do nich dostat nebo je upravovat).

Obavy vyvolava zvlasté tlak na odlesnovani, jenz lze omezit pouziva-
nim ucinnych sporak, aby se snizila spotfeba tradi¢nich zdroji energie
zalozenych na biomase (napf. palivové drivi, dfevéné uhli), coz je v soucas-
nosti klicova sila, ktera Zene neudrzitelné vyuzivani lesa. Neudrzitelné vyu-
zivani lesnich zdroji jako paliva pro domacnosti ma také za nasledek cel-
kové kladny prispévek k CO, v atmosféfe a spalovani pevnych kuchynskych
paliv v neucinnych sporacich soucasné zpusobuje vysoky stupen znecisténi
vzduchu v domacnostech (HAP). Mezi tyto znecistujici latky patfi emise
pevnych castic, oxid uhelnaty a dalsi kyslik a chlér obsahujici organické lat-
ky, z nichz mnohé jsou potencialné¢ rakovinotvorné ¢i maji jiny zavazny vliv
na zdravi*» %!,

5. Kvalita Zivota a participacni demokracie

Zajisti-li si chytré vesnice moderni energii, maji potencialné moznost pfe-
konat casto zleh¢ovany dusledek energetické chudoby, jimz je dfina prostu-
pujici zivoty mnoha lidi na vesnici®'. Zajisténi moderni energie — zvlasté
elektfiny — ma vskutku prevratny dopad na mnoho vesnicand, jelikoz jim
usetfi Cas i usili pri sbéru biomasy a umozni, aby plnéni piivodné pracnych
a ¢asové naro¢nych ukolt prevzaly domaci spotiebice. Vesni¢ané si mohou
uzit vice zabavy diky rekrea¢nim zafizenim (okénko 6) a silnéjsi verejné
osvétleni v noci znamena, Ze lidé, zvlasté Zeny, se mohou t&sit ze socialni

v,

interakce, aniz by se zbytecné bali nebezpeci'>*.
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These problems can be overcome by encouraging cradle-to-grave care
of products by manufacturers and donors as promoted by explored in the
launch of a Pico-Solar Scorecard by the University of Edinburgh, the Sili-
con Valley Toxics Coalition, and the Turing Trust at a recent workshop in
Nairobi”’. Incentives and take-back schemes, combined with engagement
and education, can be used to ensure a village is truly smart about how it
disposes of its hazardous materials. Along with this, the potential for repair
of systems and products must be fully encouraged, rather than actively op-
posed (as is the case with many manufacturers designing products to be
purposefully difficult to access or modify.

Of particular concern is the pressure on deforestation which can be
reduced through the use of efficient cook stoves to decrease the use of tra-
ditional biomass energy sources (e.g. firewood, charcoal), which is current-
ly a key driver of unsustainable forest use. Unsustainable use of forest re-
sources for household combustion also results in a net CO, contribution to
the atmosphere, while combustion of solid cooking fuels in inefficient co-
okstoves produces high levels of household air pollution (HAP). Pollutants
include particulate emissions, carbon monoxide and other oxygenated and
chlorinated organics, many with potential carcinogenic and other serious
health impacts* %3,

5. Quality of life and participatory democracy

Through the provision of modern energy smart villages have the potential
to overcome the often understated consequence of energy poverty which is
the drudgery that is pervasive of many lives in rural villages®*. Indeed, the
impact of modern energy provision — particularly electricity - has a trans-
formative impact on many villagers, saving both time and effort in colle-
cting biomass, and allowing for household appliances to take the role of the
previously labour-intensive and time consuming tasks. Villagers can have
more entertainment through recreational facilities (Box 6), and the increa-
sed public lighting at night means that people, particularly women, can
enjoy social interaction without unneeded fear of danger'>*.
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Okénko 6: Elektrina méni Zivot — osobni pohled

»,Doddvka elektfiny do odlehlych venkovskych oblasti
udrzi mladez v nich, misto aby odesla do Kampaly
a jinych mést pti hledani zaméstnani®.”

...Ize ji prevést na jiné formy energie, jako je otaceni stroja, které poha-
néji vodni Cerpadla, jez privadéji vodu na statky. VyuZziva se k chlazeni
a zajisténi tepla. Pokud se v minulosti farmari nepovedlo prodat cast
denni produkce mléka, musel pouzit palivové dfivi nebo drevéné uhli,
aby jej prevafril a uchoval. Dnes mnoho farmari mléko chrani uchova-
vanim v chladnic¢kach. Skupiny farmard tu a tam postavily zafizeni na
zpracovani kavovych zrn a mlyny na kukufici, které pouzivaji elektfinu —
tim zvysuji hodnotu svych plodin. Sedlak v nasi vesnici pouziva elektfinu
k ¢erpani podzemni vody pro svou drlbeZi farmu a dale ji vyuZiva, aby
se vyklubala vejce a aby byla kufata v teple. Jeho dribeZi farma zamést-
nava asi Sest mladych lidi, coz doddva na vérohodnosti postifehu Ing.
Petera Kiwanuky Ssebalamua, vedouciho katedry strojniho inZenyrstvi
na Kralovské univerzité Mutesy I.

Maslowova (1954) hierarchie potfeb dava uzitecny ramec, jehoz pro-
stfednictvim lze porozumét dopadu energetické chudoby na venkovsky zi-
vot™. Bez spolehlivého a bezpec¢ného pristupu k energii, ptipadné elektfiné
vesni¢ané nedokazi uspokojit své zakladni potreby a dosahnout vaznosti
a seberealizace nebo s tim budou mit potize. Navic spole¢nost, v niz jsou
naplnény zakladni lidské potreby, tcta a nezavislost, charakterizuji pozitiv-
néjsi pocity ve spolecnosti jako celku®. Dopad zmirnéni energetické chu-
doby na kvalitu zivota zfejmé nejlépe zachycuje Zomerovo (2003) vyliceni
tfi osob: vesnicana ze soudobého Bangladése, rolnika z venkovskych USA
ve 40. letech minulého stoleti a vesnického knéze z Irska v 50. letech. Vsich-
ni tfi zduraznovali, Ze elektfina je mnohem vic nez jen vymozenost, Ze
osvobozuje a ma moc odstranit komplex ménécennosti.

Kvalitu Zivota vesnicant lze také zvysit pouzivanim energie k rozsiro-
vani informaci prostfednictvim IKT. Naptiklad mobilni telefony, televize
a internet tfeba umozni vyrovnat informa¢né nevyvazené spole¢nosti, kte-
ré mivaji sklon branit socialni a hospodarské mobilité mezi vesnicany jisté
tridy, pohlavi nebo vékové skupiny, a zaroven umozni vesnicanim lépe si
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Box 6 Electricity changes live — a personal viewpoint

“Provision of electricity to the remote rural areas will keep the youths
there instead of going to Kampala and other towns seeking
employment®”

....it can be converted into forms of energy such as the rotation of ma-
chines which run water pumps that push water to farms. It is used for
refrigeration and for providing heat. In the past if a farmer failed to sell
some of the day’s milk he had to use firewood or charcoal to boil it to
preserve it. Nowadays many farmers safeguard the milk by keeping it in
refrigerators. Here and there farmers’ groups have set up coffee hullers
and maize mills which use electricity — adding value to their produce.
A farmer in our village uses electricity to pump underground water for
his poultry farm and he also uses it to hatch the eggs and to keep the
chicks warm. His poultry farm employs some six youths, which gives
credence to an observation made by Engineer Peter Kiwanuka Sseba-
lamu, Head of the Mechanical Engineering Department at Mutesa One
Royal University.

Maslow’s (1954) hierarchy of needs provides a useful framework
through which to understand the impact of energy poverty on rural liveli-
hoods>. Without safe and reliable access to energy and/or electricity, vil-
lagers will be unable to, or struggle to fulfil basic needs and realize esteem
and self- actualization needs. Furthermore, a society in which basic human
needs, respect and autonomy are met is characterized by more positive fee-
lings in the society as a whole**. The impact of alleviating energy poverty on
the quality of life is arguably best captured by Zomer’s (2003) account of
three individuals: a villager in modern-day Bangladesh, a 1940s farmer in
the rural USA and a priest in rural Ireland in the 1950s. All three indivi-
duals highlighted that electricity is far more than an amenity;, is liberating,
and has the power to sweep away inferiority complexes®.

The quality of life of villagers can also improve through the use of
energy to allow for information to be disseminated through ICT. For exam-
ple, mobile phones, televisions and the internet may allow for levelling
change in informational-skewed societies that tend to hold back social and
economic mobility among villagers from a certain class, gender or age
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uvédomit sva spolecenskd, hospodarska a politicka prava a zapojit se do
spravnich procesiti na vech urovnich?.
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Okénko 7: Participacni demokracie

Indické elektronické volebni automaty (EVM) zrevolucionizovaly v po-
slednich dvou desetiletich volebni proces®’. Kli¢ova zde byla fada pozor-
né sledovanych pilotnich projekt, které cely sloZity proces odevzdani
hlasu prevedly z papirovych listk(i na velice jednoduché volebni auto-
maty, které jsou ¢asto pohanéné bateriemi a které voli¢i v Indii pfijali.
Prokazalo se, ze EVM jsou nekomplikované a nelze je podvést, takze
Indie je svétovou jednickou, co se tyce nazorné ukazky, jak jednoduchy,
avsak ,,chytry“ stroj miZe svou presnosti a vérohodnosti zrevolucioni-
zovat chod politického systému, ktery je potom pfistupnéjsi negramot-
nym, lidem neznalym matematiky a znevyhodnénym vrstvam.

Na neformalnim seminati porfadaném roku 2011 Jihoasijskou asociaci
pro regionalni spolupraci (SAARC) v Alleppey v indickém staté Kerala
vénovali volebni komisafi diskuzi konkrétné dopadu EVM vyrabénych
dvéma odlisnymi institucemi financovanymi indickou vladou. Ty zcela
méni hru, protoZe jsou cenové dostupné a snadno Skalovatelné (pti kaz-
dych vieobecnych volbach se jich pouZije jeden milion). Sousedé Indie,
at jde o Bangladés, Bhutan, Nepal, Pakistan nebo Sri Lanku, jim tyto
pristroje predvedli a volebni komisafi se shodli, Ze takto se Ize snadno
posunout dal.

Na dalsim ze seminart SAARC vyzvedli indicti volebni komisari fakt, Zze
vyuZivaji mistni zdroje elektfiny pro napajeni videokamer a kontaktova-
ni voli¢l a stran za Ucelem lepsi regulace voleb, takZe venkovsky elekto-
rat je Iépe obeznamen s vyuzivanim (a nikoli zneuzivanim) elektrickych
zafizeni tak, aby byla zajisténa zakladni prava, od nichz se odvijeji vSech-
na ostatni prava v jejich spole¢nosti.

Venkovské komunity byvaji politicky odfiznuté kvili své relativni od-
lehlosti a v diisledku toho jim casto chybi informace o spolecenskych otaz-
kach a celi obtizim, pokud se maji aktivné ucastnit debat o tom, jak se
s problémy vyporadat®. Prostfednictvim IKT si mohou venkovské komu-

1542016 14:19:36



Energy for off-grid villages: the Smart Villages Initiative

85

group, as well as allowing villagers to become more aware of their social,
economic and political rights, and to engage in governance processes at all
levels™.
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Box 7 Participatory democracy

India’s Electronic Voting Machines (EVMs) have revolutionised the electoral
processes in the last two decades®’. The key here has been a series of clo-
sely monitored pilot projects to take the complex process of casting a vote
away from a paper ballot to very basic EVMs, often powered by batteries,
which the electorate of India have accepted and proved to be fraud and
fool-proof, so that India is a world-leader in demonstrating how a simp-
le but ‘smart’ machine can revolutionise the running of a political system
through accuracy and veracity, which is then accessible to the illiterate, the
innumerate and the disadvantaged.

At an Informal Workshop in 2011 of the South Asian Association for Re-
gional Cooperation (SAARC) held in Alleppey, Kerala, Election Commissio-
ners specifically devoted their discussions to the game-changing impact
of the EVM manufactured by two separate government-sponsored bodies
in India, which are affordable and entirely scalable (a million of them are
used in each General Election). India’s neighbours, whether in Bangladesh,
Bhutan, Nepal, Pakistan, or Sri Lanka, had demonstrated to them these ma-
chines and the Election Commissioners agreed that this was the simple way
forward.

At another of the SAARC Workshops, the Indian Election Commission
underlined how they use local sources of electricity to power video came-
ras and to contact voters and parties in order better to regulate the elec-
tions, thereby making the rural electorate familiar with the uses (rather
than abuses) of electrically powered devices in order to ensure the basic
rights from which all other rights in their society flow.

Rural communities tend to be politically disenfranchised due to their
relative remoteness, and consequently to lack information on societal issues
and to face difficulties in being actively involved in debates about how to
address them **. Through ICT, rural communities in smart villages can be-
come more aware of their social, economic and political rights, engage in
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nity v chytrych vesnicich lépe uvédomit sva spolecenska, hospodarska a po-
liticka prava, zapojit se do spravnich procesti a zadat po politickych ¢inite-
lich zodpovédnost. Prikladem je elektronicky hlasovaci systém, ktery
v uplynulych desetiletich pomohl zrevolucionizovat volebni systém v Indii
(okénko 7).

Chytré vesnice a cile udrzitelného rozvoje

Z péti oddilt popsanych vyse se vétsina vztahuje k Rozvojovym ciltim tisi-
cileti (MDG), které vyhlasilo OSN a jejichz vysledky jsou shrnuty ve zpravé
0 MDG z roku 2015%. Zprava ukazuje, Ze snaha o dosazeni osmi ambicioz-
nich cilt odhalila v uplynulych patnacti letech vyznamné zmény ve vyskytu
extrémni chudoby, ktery poklesl z 1,9 miliardy v roce 1990 na 836 miliont
v roce 2015. Velice se pozvedla rovnost pohlavi pfi vzdélavani a rovnost
pohlavi na zakladnich $koldch, zlepsila se hygiena, klesl vyskyt nakazlivych
chorob, jako je tuberkul6za, AIDS a maldrie, a imrtnost novorozenct i ro-
dicek se snizila o asi 50, respektive 40 %. Zbyva vsak jesté hodné prace®.
Koncept chytrych vesnic nam dava novy prostfedek, ktery ve spojeni s od-
povidajicim rozvojem mést muze pomoci dosahnout dalstho pokroku
a splnit ambice rozvojové agendy po roce 2015 - Cile udrzitelného rozvoje
(SDG)®.

Povsechné receno vychazi SDG z MDG, jsou ale ¢astéji konzultovany
s marginalizovanymi populacemi. Vét$ina problému zustava i nadale nej-
palcivéjsi ve venkovskych oblastech a koncept chytrych vesnic miize ukazat
cestu ke slusnému a udrzitelnému zivotu pro vSechny. Nové cile SDG bu-
dou usilovat o vymyceni hladu a extrémni chudoby, zmirnéni nerovnosti
v ramci statd i mezi nimi, dosazeni rovnosti pohlavi, zlepSeni hospodareni
s vodou a energii a prijeti kroki, které jsou naléhavé potfeba v boji proti
zméné klimatu. Splnéni téchto cili stoji za rok 3,3 biliont dolari (2,11 bi-
liont liber) az 4,5 biliont dolart (2,87 bilionti liber) ve statnich vydajich,
investicich a pomoci. Vedouci predstavitelé z celého svéta se 25-27. zari
2015 sejdou v prostorach Spojenych narodii v New Yorku, aby formalné
pfijali novou agendu udrzitelného rozvoje.

Rozpis odhadi energie, kterou potiebuji vesnic¢ané, je v Tabulce 2 roz-
¢lenény do tii kategorii a tvoii jej zdkladni lidské potteby, produktivni vyu-
ziti a potfeby moderni spole¢nosti. Ackoli jde o uméle zjednoduseny na-
stin, ukazuje se, Ze jde o uzite¢ny prvni krok k pochopent, kolik kilowattho-

Kniha 1.indb 86 1542016 14:19:36



Energy for off-grid villages: the Smart Villages Initiative 87

governance processes, and hold policymakers accountable. An example is
provided by the electronic voting system which has helped to revolutionise
the electoral system in India in recent decades (Box 7).

Smart Villages and the Sustainable Development Goals

Of the five sections described above, most relate to the UN Millennium
Development Goals (MDGs) the results of which are summarised in the
MDG Report 2015 *. The Report shows how the past 15-year effort to
achieve eight aspirational goals has revealed significant changes in the re-
duction of extreme poverty from 1.9bn in 1990 to 836 million in 2015.
Gender equality in schooling and gender parity in primary schooling has
been greatly enhanced, sanitation improved, the incidence of infectious di-
seases such as tuberculosis and HIV/AIDS and malaria reduced, and neo-
natal and maternal mortality have both declined by about 50% and 40%,
respectively. Much remains to be done, however,”” and the smart villages
concept allows for a new vehicle that, in conjunction with urban develop-
ment equivalents, can help make further strides to meeting the aspirations
of the post-2015 development agenda, the Sustainable Development Goals
(SDGs)®.

Broadly speaking, the SDGs build on the MDGs but with increased
consultation with marginalized populations. The majority of problems con-
tinue to be most severe in rural areas and the smart village concept can lead
the way to a decent and sustainable life for all. The new SDGs will aim to
eradicate hunger and extreme poverty, reduce inequality within and between
states, achieve gender equality, improve water management and energy, and
take urgent action to combat climate change. Meeting the goals will cost
between $3.3 trillion (£2.11 trillion) and $4.5 trillion (£2.87 trillion) a year
in state spending, investment and aid. World leaders will meet from 25-
27 September 2015 at the United Nations in New York to formally adopt the
new sustainable development agenda.

A breakdown of estimates of the energy requirements of rural villagers
disaggregated into three categories is found at Table 2 consisting of basic hu-
man needs, productive uses, and modern society needs. Although this repre-
sents an artificially simple delineation, it proves a useful first step to unders-
tand the kWh per person per year required for villagers in rural villages to
achieve positive health, education, economic and quality of life outcomes.
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din na osobu a rok potfebuji vesni¢ané k dosazeni kladného vysledku
v oblasti zdravi, vzdélavani, hospodarstvi a kvality Zivota.

Energetické technologie, které jsou nejpfihodnéjsi pro poskytovani
potfebného objemu energie na osobu a rok tak, aby domacnosti dosahly
jednotlivych trovni vyuziti elektfiny (nebo jejiho ekvivalentu), jsou spo-
lehlivé pripojeni k siti nebo (hybridni) minisité. Mezi dal$i moderni ener-
getické technologie, které mohou uspokojit nékteré ze zakladnich lidskych
potreb, avsak nikoli produktivni potfeby ani potfeby moderni spole¢nosti,
patfi zdokonalené kuchynské sporaky, solarni lampy a samostatné domaci
systémy.

Tabulka 2: Odhad energetickych potfeb (vychazi z praci ')

Vyuziti elektfiny
Uroveni (nebo jejiho kWh na osobu a rok
ekvivalentu)

osvétleni, zdravi,

zakladni lidské potieby vzdélavani, 50 - 100
zakladni IKT
zemédélstvi,
s _1
produktivni vyuziti venkovsky primys] 500 - 1000

domici spotfebice,
chlazeni, vytapéni, 2000
pokrocilé IKT

potfeby moderni
spole¢nosti

Ackoli elektfina (nebo jeji ekvivalent) potfebna k tomu, aby se vesni-
¢ané od splnéni zakladnich lidskych potieb posunuli k produktivhimu
vyuziti a potfebam moderni spole¢nosti, vyzaduje vystoupat po tradi¢-
nim energetickém zebricku'’, bude se proces, jakym k tomu dojde, silné
lisit pro rizné komunity fungujici v odlisnych Zivotnich prostfedich
a kontextu. V nékterych oblastech je napriklad mozné provést rozsifeni
sité nebo zavedeni minisité, coz umozni vesni¢aniim vystoupat okamzité
po energetickém zebricku a uspokojit zakladni lidské potfeby, vyuzivat
energii produktivné a naplnit potfeby moderni spole¢nosti. V jinych ves-
nicich se muze energie vydat skromnéjsi cestou a zacit naptiklad solarni-
mi lampami.
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The most desirable energy technologies to provide the kWh per per-
son per year required for households to satisfy each of the levels’ electrici-
ty (or equivalent) uses are a reliable grid connection or (hybrid) minigrids.
Other modern energy technologies that can meet some of the basic human
needs, but not productive or modern society needs, include improved co-
ok stoves, solar lanterns and stand-alone home systems. Although the
electricity (or equivalent) required for villagers to move from achieving
basic human needs to productive uses and modern society needs requires
climbing the traditional energy ladder’, the process through which this
happens will differ vastly for different communities operating in different
environments and contexts. For example, in some areas it is feasible that
the grid may be extended or a minigrid deployed allowing for villagers to
immediately move up the energy ladder and fulfill basic human needs,
productive uses and modern society needs. In other villages, the energy
pathway may follow a more modest route beginning with, for example,
solar lanterns.

Table 2: Energy requirement estimates (based on '¢")

Electricity use

Level !
(or equiv.)

kWh per person per year

Lighting, health,
Basic human needs education, 50 - 100
basic ICT

Agriculture,

. 500 - 1000
rural industry

Productive uses

Domestic appli-
Modern society needs ances, cooling, heat- 2000
ing, advanced ICT

The Smart Villages Initiative resonates strongly with the SDGs in the
alleviation of energy poverty. We have noted above with specific examples
that its focus on the catalytic influence of energy access in rural villages can
improve the welfare of villagers and village communities through signifi-
cant gains in health, education, economic activity and productivity, and
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Iniciativa Chytré vesnice silné souzni s cili SDG, co se tyce zmirnéni
energetické chudoby. Vyse jsme si uvedli konkrétni priklady dokladajici,
ze jeji zaméfeni na katalyticky vliv pristupu k energii na vesnici mtize
zvysit blahobyt vesni¢ant a vesnické komunity vyznamnym zlep$enim
zdravi, vzdélavani, hospodarské ¢innosti a produktivity a kvality Zivota.
Abychom tohoto zlep$eni v kontextu chytré vesnice docilili, je dilezité,
abychom porozuméli dynamickym ndarokiim na energii ve vesnické ko-
munité a cetnym technologickym moznostem, jak lze témto narokim
udrzitelné vyhovét®® . Je také zasadni, aby bylo nasazeni udrzitelnych
energetickych technologii doprovazeno a doplnéno vefejnymi i soukro-
mymi investicemi. Asi nejdilezitéjsi je nutnost, aby vSechny zucastnéné
strany spolupracovaly a prekonaly hluboce zakofenéné technické, hospo-
darské, politické, kulturni a socialni prekazky stojici v cesté vizi Chytrych
vesnic'>'®.

ZAVER

Dosazeni ciléi udrzitelného rozvoje uvedenych v agendé¢ na rok 2015 bude
vyzadovat spole¢né usili zamérené na venkovské oblasti, kde zije priblizné
70 % svétové chudiny. Koncept Chytré vesnice nabizi sjednocujici ramec,
ktery je dostate¢né pruzny, aby umoznil odli$ny smér rozvoje v riznych
venkovskych komunitach, a pfece vede k vyznamnému zlep$eni Zivota ves-
nicani a vesnickych komunit. Jasné je to, Ze splnéni vize Chytrych vesnic,
obdoby chytrych mést®, a nezmérny potencialni ptinos, jenz miize tato vi-
ze venkovské komunité zajistit, bude zaviset na angazovanosti a bezvyhrad-
ném odhodlani vech zainteresovanych stran.
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quality of life. In order to achieve these gains in the context of smart vil-
lages, it is important that there is an understanding of dynamic energy re-
quirements in village communities and the numerous technological pa-
thways through which these requirements can be met sustainably > . It is
also essential that the deployment of sustainable energy technologies be
accompanied by public and private complementary investment. Perhaps
most importantly is the need for all stakeholders to cooperate and overco-
me entrenched technical, economic, political, cultural and social barriers to
the Smart Villages vision > '¢.

CONCLUSION

Achieving the Sustainable Development Goals listed in the 2015 agenda
will require a concerted effort focused on rural areas, where approximately
70% of the world’s poor live. The Smart Villages concept offers a unifying
framework that is sufficiently flexible to allow for different development
pathways for different rural communities, while still leading to significant
improvements livelihoods of villagers and village communities. What is
clear is that achieving the Smart Villages vision, an analogue of smart ci-
ties®, and the immense potential benefits that it can bring to rural commu-
nities, will depend on the engagement and wholehearted commitment of
all stakeholders.

REFERENCES

! World Bank (2013) World Development Indicators. Washington D.C.

Alstone P, Gershenson D and Kammen D (2015) Decentralised energy systems
for clean electricity access. Nature Climate Change 5 305-314.

> Spencer H (1897) First Principles. New York: Appleton.

Guruswamy L (2011) Energy poverty. Annual Review of Environment and Re-
sources 36 139-161.

Clancy] S and Skutsch M (2002) The gender-energy-poverty nexus: finding the
energy to address gender concerns in development, DFID.

Birol F (2007) Energy economics: a place for energy poverty in the agenda? The
Energy Journal 28(3) 1-6.

Kniha l.indb 91 1542016 14:19:36



92 Energie pro vesnice mimo sit: iniciativa Chytré vesnice

Clancy J S a Skutsch M (2002) Vazba mezi pohlavim a energetickou chudobou:

jak nalézt energii k feSeni genderovych otdzek pfi rozvoji, DFID.

Birol F (2007) Ekonomie energie: je v agendé misto pro energetickou chudobu?

The Energy Journal 28(3) 1-6.

Silva D a Nakata T (2009) Mnohoucelové posouzeni elektrifikace venkova v od-

lehlych oblastech postizenych chudobou. Energy Policy 37 3096-3108.

8 Pachauri S a Spreng D (2011) Méfeni a monitorovani energetické chudoby.
Energy Policy 39 7497-7504.

° Pereira M G, Freitas M A V a Da Silva N F (2011) Vyzva, jiz pfedstavuje energe-

ticka chudoba: brazilska ptipadova studie. Energy Policy 39 167-175.

Van Gevelt T a Holmes ] (2015) Energie pro rozvoj — koncept. V Chytré vesnice,

nové mysleni pro komunity mimo sit str. 13-20 ed. Heap R B Banson: Iniciativa

Chytré vesnice.

Ministerstvo pro rozvoj venkova, indicka vlada, 2014. ‘Smérnice Saansad Adarsh

Gram Yojana (SAGY)’ http://pib.nic.in/archieve/others/2014/oct/d2014101101.

pdf (pristup probéhl 22. srpna 2015).

Murphy J T (2001) Jak dosahnout energetické zmény ve venkovské vychodni

Africe: je skokovy vyvoj alternativou. Technological Forecasting and Social Chan-

ge 68 173-193.

Bhutto A W a Karim S (2007) Zmirnéni energetické chudoby v Pakistanu pou-

zivanim domacich zdroju energie. Energy for Sustainable Development 9(1).

Masud J, Diwesh S a Loani B N (2007) Energie pro viechny: feseni spojeného

problému energie, prirodniho prostredi a chudoby v Asii. Manila, Asijska roz-

vojova banka.

Kaygusuz K (2011) Energetické sluzby a energetickd chudoba pro udrzitelny

rozvoj. Renewable and Sustainable Energy Reviews 15 936-947.

Sovacool B K (2012) Politicka ekonomie energetické chudoby: prehled klico-

vych tkoltl. Energy for Sustainable Development 16 272-282.

17 Sovacool B K, Kryman M a Smith T C (2014) Energie, chudoba a rozvoj: global-

ni prehled. v: Energie, chudoba a rozvoj, ed. Sovacool, B. K., Routledge Critical

Concepts v Development Studies Series, str. 1-126.

Van Gevelt T nepublikovana data.

19 Schubert R, Blasch ] a Hoffmann K (2007) Ochrana prirody, energeticka politika
a snizeni chudoby - synergie integrovaného pristupu. IED Working Paper 1 1-16.

2 'WHO (2014) Smérnice WHO pro kvalitu vzduchu v budovéch: spalovani paliva

v domacnostech. WHO: Geneva.

Bloomfield E (2014) Dopas ¢istych sporakil na rovnost pohlavi a Zivot v jizni

Asii. Practical Action UK.

Sehgal M a kol. (2014) Nemocnost Zen v Indii v déisledku znecisténi vzduchu

v domdcnostech souvisejiciho se spalovanim biomasy. Global Health Action 7

25326.

13

18

21

22

Kniha 1.indb 92 1542016 14:19:36



Energy for off-grid villages: the Smart Villages Initiative 93

7 Silva D and Nakata T (2009) Multi-objective assessment of rural electrification

in remote areas with poverty considerations. Energy Policy 37 3096-3108.

Pachauri S and Spreng D (2011) Measuring and monitoring energy poverty.

Energy Policy 39 7497-7504.

? Pereira M G, Freitas M A V and Da Silva N F (2011) The challenge of energy
poverty: Brazilian case study. Energy Policy 39 167-175.

' Van Gevelt T and Holmes J (2015) Energy for development - the concept. In

Smart Villages New Thinking for Off-Grid Communities pp. 13-20 ed. Heap R B

Banson: Smart Villages Initiative.

Ministry of Rural Development, Government of India, 2014. ‘Saansad Adarsh

Gram Yojana (SAGY) Guidelines. http://pib.nic.in/archieve/others/2014/oct/

d2014101101.pdf (accessed 22 August 2015).

Murphy J T (2001) Making the energy transition in rural east Africa: is leapfro-

gging an alternative. Technological Forecasting and Social Change 68 173-193.

3 Bhutto A W and Karim S (2007) Energy-poverty alleviation in Pakistan through
use of indigenous energy resources. Energy for Sustainable Development 9(1).

'* Masud J, Diwesh S and Loani B N (2007) Energy for all: addressing the energy,
environment and poverty nexus in Asia. Manila, Asian Development Bank.

'* Kaygusuz K (2011) Energy services and energy poverty for sustainable develop-

ment. Renewable and Sustainable Energy Reviews 15 936-947.

Sovacool B K (2012) The political economy of energy poverty: a review of key

challenges. Energy for Sustainable Development 16 272-282.

17 Sovacool B K, Kryman M and Smith T C (2014) Energy, poverty, and develop-
ment: A Global Review. In: Energy, Poverty and Development, ed. Sovacool,
B. K., Routledge Critical Concepts in Development Studies Series, pp. 1-126.

8 Van Gevelt T unpublished data.

¥ Schubert R, Blasch ] and Hoffmann K (2007) Environmental protection, energy
policy and poverty reduction - synergies of an integrated approach. IED Wor-
king Paper 1 1-16.

2 'WHO (2014) WHO guidelines for indoor air quality: household fuel combus-
tion. WHO: Geneva.

21 Bloomfield E (2014) Gender and Livelihoods Impacts of Clean Cookstoves in
South Asia. Practical Action UK.

22 Sehgal M et al. (2014) Disease burden due to biomass cooking related house-

hold air pollution among women in India. Global Health Action 7 25326.

Thurber M C et al. (2014) ‘Oorja’ in India: Assessing a large-scale commercial

distribution of advanced biomass stoves to households. Energy for Sustainable

Development 19 138-50.

http://sawbo-illinois4.org/popup-67 (accessed 22 August 2015)

http://www.ebolaprevention.org/ (accessed 22 August 2015)

http://wwwn.cdc.gov/epiinfo/index.htm (accessed 22 August 2015)

23

24
25

26

Kniha l.indb 93 1542016 14:19:36



94 Energie pro vesnice mimo sit: iniciativa Chytré vesnice

# Thurber M C a kol. (2014) ,,Oorja“ v Indii: posouzeni rozsahlé komer¢ni distri-

buce modernich spordkd na biomasu v domdcnostech. Energy for Sustainable

Development 19 138-50.

http://sawbo-illinois4.org/popup-67 (ptistup probéhl 22. srpna 2015)

http://www.ebolaprevention.org/ (ptistup probéhl 22. srpna 2015)

http://wwwn.cdc.gov/epiinfo/index.htm (pfistup probéhl 22. srpna 2015)

http://www.swasthyaslate.org/ (pristup probéhl 22. srpna 2015)

Shinyekwa I (2010) Posouzeni efektivity ndkladd na ugandskou zdravotnickou

informacni sit. UHIN Cost Effectiveness Study Report. http://idl-bnc.idrc.ca/

dspace/bitstream/10625/46260/1/132754.pdf (ptistup probéhl 22. srpna 2015)

Blantz E (2010) ,Ctyti kli¢ové tikoly a feseni pii nasazeni IKT do venkovské

zdravotni péce®. http://www.ictworks.org/2010/07/12/4-key-challenges-and-

solutions-ict-deployments- rural- healthcare/ (pfistup probéhl 22. srpna 2015)

" Cecelski E (2000) Role Zen v udrzitelném energetickém rozvoji. Golden, Colo-
rado, Néarodni laboratof pro obnovitelnou energii.

! Casillas C E. a Kammen D M (2010) Spojeni energetické chudoby a podnebi.
Science 330 1181-1182.

2 Cabraal R A, Barnes D F a Agarwal S G (2005) Produktivni vyuziti energie

v rozvoji venkova. Annual Review of Environment and Resources 30 117-144.

BizTech Africa (2014) http://www.biztechafrica.com/article/orange-farm-wel-

comes-samsung-solar-powered- interne/8835/#.VcHIgtxRGUm

https://en.wikipedia.org/wiki/Duolingo (ptistup probéhl 22. srpna 2015)

Jennings S, Cottee J, Curtis T a Miller S (2015) Stav potravinového ohroZeni ve

svété v roce 2014: posileni pfiznivého prostiedi pro zajisténi potravin a vyZivu.

Rome, FAO. 1-54.

http://www.iris.com.my/Sustainable_Dev/main.html (pfistup probéhl 22. srpna

2015)

37 Kirubi C, Jacobson A, Kammen D M a Mills A (2009) Komunitni elektrické
mikrosité¢ mohou prispét k rozvoji venkova: ditkazy z Keni. World Development
37(7) 1208-1221.

* http://www.orkonerei.or.tz/?page_id=152 (pristup probéhl 22. srpna 2015)

*¥ Liu L a Yue C (2013) Vyzkum dopadu ¢asové prodlevy na obchod. Food Policy

39 108-114.

Biswas T a Kennedy P L (2015) Role elektronické verejné spravy v zemédélském

obchodu. Louisiana State University, Department of Agricultural Economics and

Agribusiness.

1 RFID World Website (2015) http://www.rfidworld.ca/world-rfid-market-to-re-

ach-20-billion-usd-in- 2014/769 (ptistup probéhl 22. srpna 2015)

Swanson T (1999) Zachovani globalni biologické riznorodosti podporou alter-

nativnich cest rozvoje: mizeme mit rozvoj soubézné s diverzitou? Biodiversity

and Conservation 8 29-44.

24
25
26
27

28

29

33

34

35

36

40

42

Kniha 1.indb 94 1542016 14:19:36



Energy for off-grid villages: the Smart Villages Initiative 95

27

http://www.swasthyaslate.org/ (accessed 22 August 2015)

8 Shinyekwa I (2010) Cost Effectiveness Assessment of Uganda Health Informati-

on Network. UHIN Cost Effectiveness Study Report. http://idl-bnc.idrc.ca/dspa-

ce/bitstream/10625/46260/1/132754.pdf (accessed 22 August 2015)

Blantz E (2010) ‘Four key challenges and solutions to ICT deployments for rural

healthcare. http://www.ictworks.org/2010/07/12/4-key-challenges-and-soluti-

ons-ict-deployments- rural- healthcare/ (accessed 22 August 2015)

Cecelski E (2000) The role of women in sustainable energy development. Gol-

den, Colorado, National Renewable Energy Laboratory.

Casillas C E. and Kammen D M (2010) The energy-poverty climate nexus.

Science 330 1181-1182.

2 Cabraal R A, Barnes D F and Agarwal S G (2005) Productive uses of energy for
rural development. Annual Review of Environment and Resources 30 117-144.

¥ BizTech Africa (2014) http://www.biztechafrica.com/article/orange-farm-wel-

comes-samsung-solar-powered- interne/8835/#.VcHIgtxRGUm

https://en.wikipedia.org/wiki/Duolingo (accessed 22 August 2015)

* Jennings S, Cottee ], Curtis T and Miller S (2015) The state of food insecurity in

the world 2014: strengthening the enabling environment for food security and nu-

trition. Rome, FAO. 1-54.

http://www.iris.com.my/Sustainable_Dev/main.html (accessed 22 August 2015)

7 Kirubi C, Jacobson A, Kammen D M and Mills A (2009) Community-based

electric micro-grids can contribute to rural development: evidence from Kenya.

World Development 37(7) 1208-1221.

http://www.orkonerei.or.tz/?page_id=152 (accessed 22 August 2015)

Liu L. and Yue C (2013) Investigating the impacts of time delays on trade. Food

Policy 39 108-114.

Biswas T and Kennedy P L (2015) The role of E-governance on agricultural

trade. Louisiana StateUniversity, Department of Agricultural Economics and

Agribusiness.

4 RFID World Website (2015) http://www.rfidworld.ca/world-rfid-market-to-re-

ach-20-billion-usd-in- 2014/769 (accessed 22 August 2015)

Swanson T (1999) Conserving global biological diversity by encouraging alter-

native development paths: can development coexist with diversity? Biodiversity

and Conservation 8 29-44.

Gupta C L (2003) Role of renewable energy technologies in generating sustaina-

ble livelihoods. Renewable and Sustainable Energy Reviews 7 155-174.

Seo ], Yoo B, Jeon J, Kim J and Kim E (2006) Basic survey analysis and promo-

tion plan direction of mountain villages in Korea. Korean Journal of Forest

Science 69 175-195.

Chigbu U E (2012) Village renewal as an instrument of rural development: evi-

dence from Weyarn, Germany. Community Development 43(2) 209-224.

29

30

31

34

36

38

39

40

42

43

44

45

Kniha l.indb 95 1542016 14:19:36



96 Energie pro vesnice mimo sit: iniciativa Chytré vesnice

# Gupta C L (2003) Role technologii zalozenych na obnovitelné energii pri zajis-

téni udrzitelného zpiisobu Zivota. Renewable and Sustainable Energy Reviews 7
155-174.

* Seo ], Yoo B, Jeon J, Kim J a Kim E (2006) Zakladni rozbor prizkumu a fizeni
propagacniho planu horskych vesnic v Koreji. Korean Journal of Forest Science
69 175-195.

# Chigbu U E (2012) Obnoveni vesnic jako nastroj rozvoje venkova: dikazy z né-
meckého Weyarnu. Community Development 43(2) 209-224.

6 Wearing S a Neil ] (2009). Ekoturistika: dopad, potencidl a moznosti? Elsevier.
Oxford. 1-304.

# http://www.mediablog.ed.ac.uk/wp/africa2015/2015/07/20/solar-waste-repair-

and-recycling/ (pfistup probéhl 22. srpna 2015)

Kumar R V (2015) Skokovy posun k udrzitelné energii. V Chytré vesnice, nové

mysleni pro komunity mimo sit str. 35-41 ed. Heap R B Banson: Iniciativa Chyt-

ré vesnice.

# Smith K, Mccracken ] P, Weber M W, Hubbard A, Jenny A, Thompson L M,
Balmes J, Arana B a Bruce N (2011) Ucinek poklesu zne¢isténi vzduchu v do-
macnostech na zapal plic u déti v Guatemale (RESPIRE): randomizovany kont-
rolovany pokus. Lancet 378 1717-26.

% Putti V R Tsan M, Mehta S a Kammila S (2015) Stav globalniho sektoru ¢istych

a zdokonalenych metod vareni. ESMAP/GACC Technical Report 007/15, Své-

tova banka: Washington.

Bruce N a Chen D (2014) Zdravotni pfinos pfistupu k energii v zemich s nizsim

a stfednim prijmem: Mechanizmy, dopad a moznd politika v Halff a kol. eds.

Energeticka chudoba: globélni tkoly a mistni feSeni, Oxford University Press:

Oxford.

Ssali M (2015) Jak nam elektfina zménila Zivot. V Chytré vesnice, nové mysleni

pro komunity mimo sit str. 88-94 ed. Heap R B Banson: Iniciativa Chytré vesnice.

3 Maslow A (1954) Motivace a charakter. New York, Harper.

* Tay L a Diener E (2011) Potfeby a subjektivni prosperita ve svété. Journal of
Personality and Social Psychology 10(2) 354-365.

> Zomers A (2003) Obtizny ukol elektrifikace venkova. Energy for Sustainable De-

velopment 7(1).

Johnson K (2001) Média a socialni zména: modernizujici vliv televize ve ven-

kovské Indii. Media, Culture and Society 23 147-169.

Banerjee M (2015) Chytré vesnice pro chytré volice. V Chytré vesnice, nové mys-

leni pro komunity mimo sit str. 63-67 ed. Heap R B Banson: Iniciativa Chytré

vesnice.

Moseley M (2003). Rozvoj venkova: principy a praxe. Sage Publications. London.

% http://www.un.org/millenniumgoals/2015_MDG_Report/pdf/ MDG%202015%
20PR%20Messages.pdf (pristup probéhl 22. srpna 2015)

48

51

52

56

57

58

Kniha 1.indb 96 1542016 14:19:36



Energy for off-grid villages: the Smart Villages Initiative 97

% Wearing S and Neil J (2009). Ecotourism: Impacts, Potentials and Possibilities?
Elsevier. Oxford. 1-304.
http://www.mediablog.ed.ac.uk/wp/africa2015/2015/07/20/solar-waste-repair-
and-recycling/ (accessed 22 August 2015)

Kumar R V (2015) Leapfrogging to sustainable power. In Smart Villages New

Thinking for Off-Grid Communities pp. 35-41 ed. Heap R B Banson: Smart Vil-

lages Initiative.

¥ Smith K, Mccracken ] P, Weber M W, Hubbard A, Jenny A, Thompson L M,
Balmes ], Arana B and Bruce N (2011) Effect of reduction in household air pol-
lution on childhood pneumonia in Guatemala (RESPIRE): a randomized con-
trol trial. Lancet 378 1717-26.

0 Putti V R Tsan M, Mehta S and Kammila S (2015) The state of the global clean
and improved cooking sector. ESMAP/GACC Technical Report 007/15, World
Bank: Washington.

! Bruce N and Chen D (2014) Health benefits from energy access in LMICs: Me-

chanisms, impacts and policy opportunities in Halff et al. eds. Energy poverty:

Global challenges and local solutions, Oxford University Press: Oxford.

Ssali M (2015) How electricity changed our lives. In Smart Villages New Thin-

king for Off- Grid Communities pp. 88-94 ed. Heap R B Banson: Smart Villages

Initiative.

> Maslow A (1954) Motivation and personality. New York, Harper.

** Tay L and Diener E (2011) Needs and subjective well-being around the world.

Journal of Personality and Social Psychology 10(2) 354-365.

Zomers A (2003) The challenge of rural electrification. Energy for Sustainable

Development 7(1).

Johnson K (2001) Media and social change: the modernizing influences of tele-

vision in rural India. Media, Culture and Society 23 147-169.

Banerjee M (2015) Smart Villages for smart voters. In Smart Villages New Thin-

king for Off-Grid Communities pp. 63-67 ed. Heap R B Banson: Smart Villages

Initiative.

% Moseley M (2003). Rural Development: Principles and Practice. Sage Publicati-
ons. London.

* http://www.un.org/millenniumgoals/2015_MDG_Report/pdf/ MDG%202015%
20PR%20Messages.pdf (accessed 22 August 2015)

% Heap R B (2015) Preface In Smart Villages New Thinking for Off-Grid Commu-

nities pp. 11.12 ed. Heap R B Banson: Smart Villages Initiative.

UN-Energy (2010) Energy for a sustainable future: the secretary-general’s advi-

sory group on energy and climate change summary report and recommenda-

tions. New York, United Nations.

Leach M, Scoones I and Stirling A (2007) Pathways to sustainability: an over-

view of the STEPS Centre approach. STEPS Approach Paper: 1-28.

48

48

52

55

56

57

61

62

Kniha 1.indb 97 1542016 14:19:36



98 Energie pro vesnice mimo sit: iniciativa Chytré vesnice

% Heap R B (2015) Predmluva v Chytré vesnice, nové mysleni pro komunity mimo

sit'str. 11.12 ed. Heap R B Banson: Iniciativa Chytré vesnice.

OSN-energie (2010) Energie pro udrzitelnou budoucnost: poradni skupina ge-

neralniho tajemnika pro energii a zménu podnebi - souhrnna zprava a doporu-

¢eni. New York, Organizace spojenych narodu.

2 Leach M, Scoones I a Stirling A (2007) Cesty k udrzitelnosti: ptehled postupu

centra STEPS. STEPS Approach Paper: 1-28.

O’Brien G, O’Keefe P a Rose ] (2007) Energie, chudoba a vefejna sprava. Inter-

national Journal of Environmental Studies 64(5) 605-616.

% Chourabi H, Nam T, Walker S, Gil-Garcia ] R, Mellouli S, Nahon K, Pardo T A
a Scholl H J (2012) Jak porozumét chytrym méstiim: sjednocujici ramec.
45th Hawaii International Conference on System Sciences. Hawaii: 1-9.

61

63

Kniha 1.indb 98 1542016 14:19:36



Energy for off-grid villages: the Smart Villages Initiative 99

8 O’Brien G, O’Keefe P and Rose ] (2007) Energy, poverty and governance. Inter-
national Journal of Environmental Studies 64(5) 605-616.

¢ Chourabi H, Nam T, Walker S, Gil-Garcia ] R, Mellouli S, Nahon K, Pardo T A
and Scholl H J (2012) Understanding smart cities: an integrative framework.
45th Hawaii International Conference on System Sciences. Hawaii: 1-9.

Kniha 1.indb 99 1542016 14:19:36



Od Marsu k multiverzu

MARTIN REES
Astronomicky ustav,
Madingley Road,
Cambridge CB3 0HA
Anglie

1.0VOD

Astronomie je zakladni véda. Z véd o ptirodé je rovnéz tou nejvelkolepéjsi
a nejuniverzalnéjsi — hvézdna obloha je vskutku tim prvkem naseho okoli,
ktery byl sdilen a obdivovan véemi kulturami v déjinach lidstva. Dnes jde
o ¢innost, ktera zahrnuje ohromnou $kalu oborti: samozfejmé matematiku,
fyziku a techniku, ale i jiné.

Johannes Vermeer, Astronom, 1668.
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MARTIN REES
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England

1. INTRODUCTION

Astronomy is a fundamental science. It’s also the grandest of the environmen-
tal sciences, and the most universal — indeed the starry sky is the one feature
of our environment that’s been shared, and wondered at, by all cultures throu-
ghout human history. Today, it’s an enterprise that involves a huge range of
disciplines: mathematics, physics and engineering, of course; but others too.

Johannes Vermeer, The Astronomer, 1668.
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Chceme porozumét exotickym objektiim, které odhalily nase daleko-
hledy. Ale také pochopit, jak se kosmické panorama, jehoz jsme soucasti,
zrodilo ze zhavého a hustého pocatku naseho vesmiru.

Dobra zprava pro studenty ¢i postdoky mezi posluchaci je ta, ze dne-
$ek je skvéla doba pro mladé vyzkumné pracovniky. Tempo pokroku se
stupniuje, spi$ nez ze by polevovalo; pristroje a vypocetni kapacita se ne-
smirné zdokonalily.

2. NASE SLUNECNI SOUSTAVA, PRUZKUM VESMIRU

Zac¢nu vzpominkou na Isaaca Newtona. Newton musel uvazovat o cestach
vesmirem. Opravdu existuje jeden slavny obrazek v anglickém vydani jeho
Principii, jenz znazornuje trajektorii délovych kouli vysttelenych z vrcholu
hory. Jsou-li vystfeleny dost rychle, jejich drahy se nestaceji dolt o nic os-
treji, nez se odklani povrch zemsky pod nimi: tyto koule prechazeji na
obéznou drahu. Doposavad jde o ten nejelegantnéjsi zpusob, jak vylozit
pojem orbitélniho letu.

Newton védél, ze aby délova koule dosdhla obézné drahy, musi jeji
rychlost ¢init 25000 km/h. Této rychlosti v§ak nebylo dosazeno az do roku
1957 pti vypusténi Sputniku 1. O ¢tyfi roky pozdéji odletél na orbitu Jurij
Gagarin. A o osm let pozdéji jsme tu méli pfistdni na Mésici. Program
Apollo byl hrdinskou kapitolou. Ve ale skon¢ilo uz pred vice nez 40 lety -
abyste si pamatovali, jak lidé chodili po Mésici, musite byt stfedniho véku;
pro mladsi generaci jde o davnou minulost. Kdybychom toto tempo udrze-
li, byly by ted uz stopy na Marsu. Ve skute¢nosti ale lidé nedélali nic vic, nez
ze krouzili kolem Zemé na nizké draze - v posledni dobé na mezinarodni
vesmirné stanici.

Vesmirna technika ale vzkvétala — komunikace, monitorovani Zivotni-
ho prostredi, druzicova navigace a tak déle. Jsme na ni odkazani kazdy den.
A astronomtim odhalila oblohu v daleké infracervené oblasti, v ultrafialo-
vém, rentgenovém a gama zafeni.

Automatické sondy k jinym planetdm ndm odvysilaly obrazky rtizno-
rodych a osobitych svéti. Naposledy slo o Rosettu, kometarni vypravu vy-
slanou agenturou ESA, ktera na kometu samotnou vysadila malou sondu,
aby naptiklad ovéfila, zda poméry izotopt v kometarnim ledu jsou tytéz
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We want to understand the exotic objects that our telescopes have re-
vealed. But also to understand how the cosmic panorama, of which we’re
a part, emerged from our universe’s hot dense beginning.

The good news, for students or postdocs in the audience, is that today
is a brilliant time for young researchers. The pace of advance has crescen-
doed rather than slackened; instrumentation and computer power have
improved hugely.

2. OUR SOLAR SYSTEM, SPACE EXPLORATION

I'll start with a flashback to Isaac Newton. He must have thought about
space travel. Indeed, there is a famous picture, in the English edition of his
‘Principia, which depicts the trajectory of cannon balls being fired from
a mountaintop. If they are fired fast enough, their paths curves downward
no more sharply than the Earth’s surface curves away underneath them: the
cannon-balls go into orbit. This is still the neatest way to teach the concept
of orbital flight.

Newton knew that, for a cannon-ball to achieve an orbital trajectory,
its speed must be 25000 km /hour. But that speed wasn’t achieved until
1957 with the launch of Sputnik 1. Four years later, Yuri Gagarin went into
orbit. And eight years after that we had the moon landings. The Apollo
programme was a heroic episode. But it was all over more than 40 years
ago—you’ve got to be middle-aged to remember when men walked on the
Moony; it’s ancient history to the younger generation. If the momentum had
been maintained there would be footprints on Mars by now. But actually
people have done no more than circle the Earth in low orbit — more recent-
ly, in the international space station.

But space technology has burgeoned - for communication, environ-
mental monitoring, satnav and so forth. We depend on it every day. And
for astronomers it’s revealed the far infrared, the UV, X-ray, gamma ray
sky.

And unmanned probes to other planets have beamed back pictures
of varied and distinctive worlds. The most recent has been ESAs Rosetta
comet mission, which landed a small probe on the comet itself, to check,
for instance, if isotopic ratios in the cometary ice are the same as in the
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jako v pozemské vodé - to je klicové pti uréovani, odkud tato voda pochazi.
Sonda New Horizons agentury NASA proletéla kolem Pluta a nyni mifi do
Kuiperova pasu.

Sonda New Horizons u Pluta. © NASA

Rosetta byla vypusténa pred deseti lety a jeji konstrukce byla zafixova-
na jiz o pét let drive. Jeji roboticka technologie pochazi z 90. let minulého
stoleti — pro tym, ktery se sondé tak dlouho vénoval, je to pocit obrovské
frustrace, protoze moznosti souc¢asnych konstrukci by byly mnohem $irsi.

Doufam, zZe béhem tohoto stoleti bude flotilami drobnych robotickych
vesmirnych lodi prozkoumana a zmapovana cela slunecni soustava. V §ir-
$im pohledu mozna vyrobci robott vybuduji také ohromné a zaroven lehké
konstrukce vznasejici se ve vesmiru (naptiklad slunecni kolektory) a tfeba
budou i tézit suroviny z asteroidti ¢i Mésice.

Pusti se ale za nimi lidé? Pokrok robotiky podryje praktické divody
pro vesmirné lety lidi. Doufdm nicméné, ze lidé budou roboty nasledovat,
ackoli ptjde o dobrodruhy vyhledavajici nebezpeci a nikoli o praktické
ucely. V cele tohoto slibného vyvoje stoji soukromé spolecnosti. Kuprikla-
du SpaceX vedena Elonem Muskem, ktery také vyrabi elektromobily Tesla,
vypustila na obéznou drahu ndkladni lodi bez posadky, které se spojily
s vesmirnou stanici. Musk doufa, Ze platicim zdkaznikim brzy nabidne let
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Earth’s water - crucial for deciding where that water came from. NASA’s
‘New Horizons’ probe has passed Pluto, and is now heading into the Kui-
per Belt.

The New Horizons probe near Pluto. © NASA

Rosetta was launched 10 years ago; its design was frozen 5 years before
that. Its robotic technology dates from the 1990s — that’s the greatest frustra-
tion for the team that’s been dedicated to it for so long because present-day
designs would have far greater capabilities.

I hope that, during this century, the entire solar system will be explo-
red and mapped by flotillas of tiny robotic craft. And, on a larger scale, ro-
botic fabricators may build vast lightweight structures floating in space
(solar energy collectors, for instance), perhaps mining raw materials from
asteroids or the Moon.

But will people follow them? Robotic advances will erode the practical
case for human spaceflight. Nonetheless, I hope people will follow the ro-
bots, though it will be as risk-seeking adventurers rather than for practical
goals. The most promising developments are spearheaded by private com-
panies. For instance SpaceX, led by Elon Musk, who also makes Tesla elect-
ric cars, has launched unmanned payloads and docked with the Space Sta-
tion. He hopes soon to offer orbital flights to paying customers. Wealthy
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na obéznou drdhu. Zdmozni dobrodruzi se jiz ted zapisuji mezi ¢ekatele na
tydenni vylet kolem odvracené strany Mésice — od Zemé se vzdali vic nez
kdokoli jiny pfed nimi (vyhnou se v$ak obtiznéj$imu ukolu pfistat na Mé-
sici a opét z néj odstartovat). Doslechl jsem se, Ze pry prodali listek na dru-
hy let, ale ne na ten prvni. Ur¢ité bychom méli témto soukromym vesmir-
nym podnikiim fandit — unesou vyssi riziko, nez kterému by jakakoli za-
padni vldda mohla vystavit civilisty financované z vefejnych zdroj, a tim
snizuji naklady.

Doufam, Ze nékteti dnes Zijici lidé se projdou po Marsu - ptijde o dob-
rodruzstvi i o krok ke hvézddm. Miize jit tfeba o Cinany. Preje-li si Cina
potvrdit své postaveni supervelmoci pridomkem ,vesmirné velkolepa®, bu-
de vskutku muset zamifit na Mars. Pouha cesta na Mésic, repriza toho, co
USA dokazaly o padesat let dfive, by jeji rovhocennost nehlasala.

Mozna ale budoucnost vesmirnych lett s lidskou posadkou, a to i na
Mars, bude na dobrodruzich financovanych ze soukromych zdroji a pii-
pravenych zucastnit se nizkonakladového programu, ktery bude daleko ris-
kantnéjsi, nez by pripustila jakakoli vlada, tykal-li by se civilisti — ptijde
treba dokonce i o cesty bez navratu. (Méli bychom se v$ak vyhybat frazi
»vesmirna turistika®, ktera lidi ukolébava, a ti se potom domnivaji, Ze tako-
vy podnik je rutinni a nepftilis rizikovy. A vnimaji-li to takhle, budou nevy-
hnutelné nehody pravé tak traumatické, jako byly nehody amerického ra-
ketoplanu. Misto toho musime tyto vypravy s omezenymi naklady ,,prodat®
jako nebezpecny sport ¢i neohrozeny prizkum.)

Do roku 2100 uz mozna skupiny prikopniki zalozi zakladny nezavislé
na Zemi — na Marsu nebo tfeba na asteroidech. Neocekavejte vsak, ze by kdy
doslo k hromadnému vystéhovani ze Zemé. Zadné misto v nasi slune¢ni sou-
stavé neskyta prostredi byt i jen tak malo privétivé jako Antarktida ¢i vrcho-
lek Mount Everestu. Vesmir nenabizi unik pfed pozemskymi problémy.

Jaké jsou dlouhodobé vyhlidky vesmirnych cest? Nejzasadnéjsi pre-
kazka se dnes odviji od neodmyslitelné nehospodarnosti chemického pali-
va a z ni vyplyvajici nutnosti vézt sebou palivo o hmotnosti dalece presahu-
jici hmotnost uzitecného ndkladu. Odpalovaci zafizeni budou levnéjsi,
pokud je bude mozné navrhnout tak, aby byla z vétsi ¢asti plné znovupou-
zitelna. Dokud jsme ale odkazani na chemické palivo, ziistanou meziplane-
tarni cesty tézkym tkolem. Pomohl by vesmirny vytah. Pfelomova by moh-
la byt jadernd energie. Tim, Ze by umoznila mnohem vyssi rychlosti lodi, by
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adventurers are already signing up for a week-long trip round the far side
of the Moon - voyaging further from Earth than anyone has been before
(but avoiding the greater challenge of a Moon landing and blast-off). I'm
told they’ve sold a ticket for the second flight but not for the first flight. We
should surely cheer on these private enterprise efforts in space - they can
tolerate higher risks than a western government could impose on publicly-
funded civilians, and thereby cut costs.

I hope some people now living will walk on Mars - as an adventure,
and as a step towards the stars. They may be Chinese. Indeed, if China wis-
hes to assert its super-power status by a ‘space spectacular’ it would need to
aim for Mars. Just going to the Moon, in a re-run of what the US achieved
50 years earlier, would not proclaim parity.

But perhaps the future of manned spaceflight, even to Mars, lies with
privately-funded adventurers, prepared to participate in a cut-price pro-
gramme far riskier than any government would countenance when civi-
lians were involved - perhaps even one-way trips. (The phrase ‘space tou-
rism’ should however, be avoided. It lulls people into believing that such
ventures are routine and low-risk. And if that’s the perception, the inevi-
table accidents will be as traumatic as those of the US Space Shuttle were.
Instead, these cut-price ventures must be ‘sold’ as dangerous sports, or
intrepid exploration. )

By 2100, groups of pioneers may have established bases independent
from the Earth - on Mars, or maybe on asteroids. But don't ever expect
mass emigration from Earth. Nowhere in our Solar System offers an envi-
ronment even as clement as the Antarctic or the top of Everest. Space do-
esn't offer an escape from Earth’s problems.

What are the long-term hopes for space travel? The most crucial
impediment today stems from the intrinsic inefficiency of chemical fuel,
and the consequent requirement to carry a weight of fuel far exceeding
that of the payload. Launchers will get cheaper when they can be designed
to be more fully reusable. But so long as we are dependent on chemical
fuels, interplanetary travel will remain a challenge. A space elevator would
help. Nuclear power could be transformative. By allowing much higher
in-course speeds, it would drastically cut the transit times to Mars or the
asteroids (reducing not only astronauts’ boredom, but their exposure to
damaging radiation).
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drasticky omezila dobu letu k Marsu ¢i asteroidtim (coz by zmirnilo nejen
nudu astronautt, ale i jejich vystaveni $kodlivému zéfeni).

Dalsi otazka, kterou vsichni slychame, zni - je tam uz nékde zivot?

Zda se, ze v nasi slune¢ni soustavé jsou vyhlidky bledé, ackoli objev
i téch nejprostsich zivotnich forem - na Marsu ¢i v oceanech pod ledem
Europy nebo Enceladu - by mél klicovy vyznam, zvlast pokud bychom
mohli ukdzat, Ze jsou nezavislého piivodu. Vyhlidky se ale zlepsi, rozsiri-
me-li sviij obzor k ostatnim hvézdam - daleko mimo dosah jakékoli sondy,
jakou si ted dokazeme predstavit.

3. EXOPLANETY A HVEZDY

Snad nejzhavéj$im tématem soucasné astronomie je zjisténi, ze mnoho ji-
nych hvézd - a mozna i vétsinu z nich - obihaji druziny planet, jako je tomu
i u Slunce. Tyto planety nejsou zaznamenavany pfimo, na jejich pritomnost
usuzujeme z presnych méfeni jejich materské hvézdy. Existuji dvé metody:
(A) Pokud néjakou hvézdu obiha planeta, potom se planeta i hvézda
pohybuji kolem spole¢ného hmotného stfedu - kolem tézisté.

Hvézda, ktera je hmotnéjsi, se pohybuje pomaleji. Drobné perio-

dické zmény Dopplerova efektu v zareni hvézdy lze ale zazname-

Kepler-20e Venus Kepler-20f

Exoplanety. © NASA/Ames/JPL-Caltech
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Another question we're all asked is - is there life out there already?

Prospects look bleak in our Solar System, though the discovery of even
the most vestigial life-forms — on Mars, or in oceans under the ice of Euro-
pa or Enceladus - would be of crucial importance, especially if we could
show they had an independent origin. But prospects brighten if we widen
our horizons to other stars — far beyond the scale of any probe we can now
envisage.

3. EXOPLANETS AND STARS

Perhaps the hottest current topic in astronomy is the realisation that many
other stars — perhaps even most of them — are orbited by retinues of planets,
like the Sun is. The planets aren’t detected directly but inferred by precise
measurement of their parent star. There are two methods:

(A) If a star is orbited by a planet, then both planet and star move
around their centre of mass — the barycentre. The star, being more
massive, moves slower. But the tiny periodic changes in the star’s
Doppler effect can be detected by very precise spectroscopy. By
now, more than 500 exo-solar planets have been inferred in this
way. We can infer their mass, the length of their ‘year, and the

Kepler-20e Venus Earth Kepler-20f

Exoplanets. © NASA/Ames/JPL-Caltech
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nat velmi presnou spektroskopii. Dnes uz takto byla odvozena
existence vice nez 500 extrasolarnich planet. Mizeme vydeduko-
vat jejich hmotnost, délku jejich ,,roku” a tvar jejich obézné drahy.
Tyto dukazy se tykaji hlavné ,,obfich” planet — objekti o velikosti
Saturnu ¢i Jupiteru. Zachytit planety podobné Zemi — stokrat mé-
né hmotné - je opravdovou vyzvou. U své matefské hvézdy vyvo-
lavaji pohyb pouhych centimetrii za sekundu.

(B) Je tu ale druhy postup, ktery u malych planet funguje 1épe. Kdyz
planeta ,tranzituje“ pred hvézdou, ta lehce pohasne. Planeta po-
dobna Zemi prechazejici pres hvézdu podobnou Slunci vyvold ne-
patrné ztemnéni o asi jednu desetitisicinu, které se opakuje jed-
nou za obéh. Vesmirna sonda Kepler hledéla déle nez tfi roky vy-
trvale do jisté oblasti oblohy o priméru sedmi stupnu - sledovala
pfinejmensim dvakrat kazdou hodinu jasnost vice nez 150000
hvézd s presnosti jedné stotisiciny. Uz ted nalezla pres 2000 planet,
z nichZz mnohé nejsou vétsi nez Zemé. A to zaznamendava samo-
zfejmé pouze tranzity téch, jejichz obézna rovina je téméf zarov-
nana se smérem naseho pohledu. Zvlasté se zajimame o mozna
»dvojcata® nasi Zemé - planety téze velikosti na obéznych dra-
héch, kde je takova teplota, Ze voda se ani nevari, ani nezfistava
zamrzla. V napozorovaném vzorku jiz byly nékteré z nich zazna-
menany, coz naznacuje, Ze v Galaxii jsou miliardy planet podob-
nych Zemi.

Vlastnim cilem samozfejmé je spatfit pfimo tyto planety — nejen jejich
stiny. To je ale obtizné. Abychom si uvédomili, jak moc tézkeé to je, predpo-
kladejme, Ze néjaky mimozemsky astronom s vykonnym dalekohledem
pozoruje Zemi ze vzdalenosti (feknéme) 30 svételnych let — ze vzdalenosti
néjaké nedaleké hvézdy. Nase planeta by vypadala, slovy Carla Sagana, jako
»bledémodra tecka“ hodné blizko u jedné hvézdy (naseho Slunce), ktera
zafi mnohomiliardkrat jasnéji: svatojanska muska vedle svétlometu. Pokud
by ji ale bylo mozné zaznamenat, a to dokonce i jako pouhou ,tecku®, bylo
by mozné vydedukovat nékolik jejich ryst. Odstin modré by byl lehce od-
lisny podle toho, zda by k mimozemskym astronomtim byl natocen Tichy
ocean nebo pevninska plocha Eurasie. Ti by mohli odvodit délku naseho
»dne®, ro¢ni obdobi, zhruba i topografii a podnebi. Na zakladé rozboru to-
hoto slabého svétla by mohli usoudit, Ze planeta ma biosféru.
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shape of their orbit. This evidence pertains mainly to ‘giant’ pla-
nets — objects the size of Saturn or Jupiter. Detecting Earthlike
planets — hundreds of times less massive — is a real challenge. They
induce motions of merely centimeters per second in their parent
star.

(B) But there’s a second technique that works better for smaller pla-
nets. A star would dim slightly when a planet was ‘in transit’ in
front of it. An earth-like planet transiting a sun-like star causes
a fractional dimming, recurring once per orbit, of about one part
in 10,000. The Kepler spacecraft pointed steadily at a 7-degree-
across area of sky for more than three years — monitoring the
brightness of over 150000 stars, at least twice every hour, with pre-
cision of one part in 100,000. It’s already found more than 2000
planets, many no bigger than the Earth. And of course it only de-
tects transits of those whose orbital plane is nearly aligned with
our line of sight. We're specially interested in possible ‘twins™ of
our Earth - planets the same size as ours, on orbits with tempera-
tures such that water neither boils nor stays frozen. Some of these
have already been identified in the sample, suggesting that there
are billions of earth-like planets in the Galaxy.

The real goal, of course, is to see these planets directly — not just their
shadows. But that’s hard. To realise just how hard, suppose an alien astro-
nomer with a powerful telescope was viewing the Earth from (say) 30 light
years away — the distance of a nearby star. Our planet would seem, in Carl
Sagan’s phrase, a ‘pale blue dot;, very close to a star (our Sun) that outshines
it by many billions: a firefly next to a searchlight. But if it could be detected,
even just as a ‘dot, several features could be inferred. The shade of blue
would be slightly different, depending on whether the Pacific ocean or the
Eurasian land mass was facing them. The alien astronomers could infer the
length of our ‘day, the seasons, the gross topography, and the climate. By
analysing the faint light, they could infer that it had a biosphere.

Within 20 years, the huge E-ELT telescope planned to be built by the
European Southern Observatory on a mountain in Chile (where the site
has already been leveled) — with a mosaic mirror 39 metres across — will be
drawing inferences like this about planets the size of our Earth, orbiting
other Sun-like stars. But what most people want to know is: Could there be
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Do dvaceti let bude takovéto zavéry o planetach velikosti nasi Zemé obi-
hajicich cizi hvézdy podobné Slunci vyvozovat obrovsky dalekohled E-ELT,
jehoz mozaikové zrcadlo bude mit napfi¢ 39 metra a jehoz stavbu planuje
Evropska jizni observator na jedné hote v Chile (misto bylo jiz zarovnano do
roviny). Co ale chce védét vétsina lidi, je: mohl by na nich byt zivot — tfeba
i inteligentni Zivot? A tady jesté porad jsme v 1ii science fiction.

Na to, abychom ur¢ili vérohodné tuto $anci, toho vime prili§ mélo
o tom, jak vznikl zivot na Zemi. Co vyvolalo prechod od slozitych molekul
k entitam, které dokazi travit potravu a rozmnozovat se? Mohla v tom byt
$tastna nahoda, ktera byla tak vyjimecnd, ze k ni doslo pouze jednou v celé
Galaxii. Na druhé strané mohla byt tato klicova zména za predpokladu to-
ho ,,spravného” prostfedi témér nevyhnutelna. Prosté to nevime — a nevime
ani, jestli je chemie pozemského Zivota zalozend na DNA a RNA jedinou
moznosti, nebo zda je pouze jednim chemickym zékladem z mnoha alter-
nativ, které se mohly realizovat nékde jinde.

Navic, i pokud je jednoduchy zivot $iroce rozsireny, nedokazeme po-
soudit $anci, Ze se rozvine do komplexni biosféry. A i kdyby se to stalo,
mohl by stejné byt natolik odlisny, Ze bychom jej nepoznali. Nebudu ¢ekat
se zatajenym dechem, ale program SETT je sazka, ktera stoji za to — protoze
uspéch v tomto patrani by byl vyznamnym poselstvim o tom, Ze pojmy lo-
giky a fyziky nejsou omezeny na hardware v lidskych lebkach.

A je mimochodem prili§ antropocentrické omezovat pozornost na pla-
nety podobné Zemi, i kdyz zacit s nimi je prozirava strategie. Spisovatelé
védeckofantastické literatury maji i jiné napady — balonovita stvoreni vzna-
$ejici se hustou atmosférou planet podobnych Jupiteru, roje inteligentniho
hmyzu atd. Tfeba muze Zivot vzkvétat dokonce i na planeté vymrsténé do
zamrzlé temnoty mezihvézdného prostoru, jejiz teplo pochdzi hlavné
z vnitfni radioaktivity (proces, jenz zahtiva zemské jadro).

Meéli bychom mit téZ na paméti, Ze zdanlivé umélé signaly by mohly pfi-
chazet i od superinteligentnich pocitact (i kdyz ne nutné obdarenych védo-
mim) vytvorenych rasou mimozemskych bytosti, ktera jiz vyhynula. Vlastné
si myslim, Ze toto je nejpravdépodobnéjsi moznost. Mozna se jiz béhem to-
hoto stoleti dozvime, zda k biologické evoluci doslo vylu¢né na nasi Zemi,
nebo zda se cely kosmos hem?zi zZivotem - a to dokonce Zivotem s inteligenci.

I pokud je jednoduchy Zivot bézny, nezavislou otdzkou zistava, zda je
pravdépodobné, Ze se rozvine do ¢ehokoli, co bychom mohli uznat za inte-
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life on them - even intelligent life? Here we're still in the realm of science
fiction.

We know too little about how life began on Earth to lay confident odds.
What triggered the transition from complex molecules to entities that can
metabolise and reproduce? It might have involved a fluke so rare that it
happened only once in the entire Galaxy. On the other hand, this crucial
transition might have been almost inevitable given the ‘right’ environment.
We just don’t know — nor do we know if the DNA/RNA chemistry of ter-
restrial life is the only possibility, or just one chemical basis among many
options that could be realized elsewhere

Moreover, even if simple life is widespread, we can't assess the odds
that it evolves into a complex biosphere. And, even it did, it might anyway
be unrecognizably different. I won't hold my breath, but the SETI program-
me is a worthwhile gamble - because success in the search would carry the
momentous message that concepts of logic and physics aren’t limited to the
hardware in human skulls.

And, by the way, it’s too anthropocentric to limit attention to Earth-li-
ke planets even though it’s prudent strategy to start with them. Science fic-
tion writers have other ideas — balloon-like creatures floating in the dense
atmospheres of Jupiter-like planets, swarms of intelligent insects, etc. Per-
haps life can flourish even on a planet flung into the frozen darkness of
interstellar space, whose main warmth comes from internal radioactivity
(the process that heats the Earth’s core).

We should also be mindful that seemingly artificial signals could come
from super-intelligent (though not necessarily conscious) computers, crea-
ted by a race of alien beings that had already died out. Indeed I think this is
the most likely possibility, We may learn this century whether biological
evolution is unique to our Earth, or whether the entire cosmos that teems
with life — even with intelligence.

Even if simple life is common, it is a separate question whether it’s like-
ly to evolve into anything we might recognize as intelligent or complex.
Perhaps the cosmos teems even with complex life; on the other hand, our
Earth could be unique among the billions of planets that surely exist. That
would be depressing for the searchers. But it would allow us to be less cos-
mically modest: Earth, though tiny, could be the most complex and intere-
sting entity in the entire Galaxy.
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ligentni ¢i komplexni formu. A tfeba se kosmos hemzi dokonce i komplex-
nim zivotem; na druhé strané by mezi miliardami planet, které jisté existu-
ji, mohla nase Zemé byt i jedinecna. To by bylo pro hledace Zivota sklic¢uji-
ci. Umoznilo by ndm to ale byt méné kosmicky skromni: Zemé, a¢ malicka,
by mohla byt tou nejkomplexnéjsi a nejzajimavéjsi entitou v celé Galaxii.

A ted zpét k fyzice - ta je mnohem jednodussi nez biologie. To, co lidi
na nove objevenych planetarnich soustavach prekvapilo, je jejich ohromna
rozmanitost. VSudypritomnost takovychto systém ale prekvapujici neby-
la. Dozvédéli jsme se, ze hvézdy vznikaji smrstovanim oblakt prasného
plynu a ma-li dany oblak néjaky moment hybnosti, bude se béhem smrsto-
vani otdcet rychleji a vykrouzi tak kolem protohvézdy prasny disk. V tako-
vémto disku se plyn v chladnéjsich vnéjsich ¢astech vysrazi; bliz ke stfedu
se méné tékavy prach shlukne do balvanti a planet — mélo by jit o standard-
ni proces u vSech protohvézd.

Ve zbyvajici ¢asti své prednasky nastinim, jak jsme kosmogonicky kau-
zalni fetézec protahli jesté dal do minulosti — ke vzniku galaxii, hvézd, ato-
mu a az do samého pocatku k prvni nanosekundé velkého tresku.

Nejprve jak je to s hvézdami a atomy. Hvézdy vidime vznikat v mis-
tech, jako je 7000 svételnych let vzdalend Orli mlhovina. A vidime také
mnoho hvézd umirat - stejné jako za asi 6 miliard let zemfe i Slunce, az mu
dojde vodikové palivo, odvrhne vnéjsi vrstvy a smifi se s tichym odchodem
coby bily trpaslik.

Krabi mlhovina. © NASA
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Back now to the physics - far simpler than biology. What has surprised
people about the newly-discovered planetary systems is their great variety.
But the ubiquity of such systems wasn’t surprising. We've learnt that stars
form, via the contraction of clouds of dusty gas; and if the cloud has any
angular momentum, it will rotate faster as it contracts, and spin off a dusty
disc around the protostar. In such a disc, gas condenses in the cooler outer
parts; closer in less volatile dust agglomerates into rocks and planets - this
should be a generic process in all protostars.

In the rest of my talk I'll outline how the cosmogonic causal chain has
been pushed back further - to the formation of galaxies, stars, atoms, and
right back to the first nanosecond of the big bang.

First, what about stars and atoms? We see stars forming, in places like
the Eagle Nebula, 7000 lightyears away. And we see many star dying - as
the Sun will in around 6 billion years, when it exhausts its hydrogen fuel,
blows off its outer layers, and settles down to a quiet demise as a white
dwarf.

More massive stars die explosively as supernovae, generally leaving be-
hind a neutron star or black hole. The most famous is the Crab Nebula, the
expanding debris from a supernova recorded by oriental astronomers in
1054 AD, with, at its centre, a neutron star spinning at 30 revs/second (and
these fascinating objects, natural ‘laboratories’ for the study of extreme
physics, could be the topic for a separate lecture).

The Crab nebula. © NASA

Kniha Lindb 115 1542016 14:19:41



116 0d Marsu k multiverzu

Hmotnéjsi hvézdy hynou vybusné jakozto supernovy a obecné po nich
ziistava neutronova hvézda nebo ¢erna dira. Nejslavnéjsi z nich je Krabi
mlhovina, rozpinajici se poziistatky supernovy zaznamenané roku 1054 as-
tronomy z orientu, v jejimz stfedu lezi neutronova hvézda rotujici rychlos-
ti 30 otacek za sekundu (a tyto tchvatné objekty — prirodni ,laboratore®
pro studium extrémni fyziky — by mohly byt tématem celé samostatné
prednasky).

Supernovy jsou pro nas vyznamné: nebyt jich, nebyli bychom tu ani
my. Ke konci zivota velmi hmotné hvézdy v ni jaderna fuze vede ke vzniku
cibulovité struktury vrstev — zhavéjsi vnitfni slupky se propracovavaji vys
periodickou soustavou prvki. Tato latka je potom vyvrzena pri vybuchu
supernovy. Trosky hvézdy se dal smisi s mezihvézdnym materialem a opét
se zhusti do novych hvézd obihanych planetami.

Tuto predstavu rozvijel pfedevsim Hoyle a jeho spolupracovnici. Pro-
vedli rozbor konkrétnich jadernych reakei vstupujicich do hry a podarilo se
jim pochopit, jak se zrodila vétsina atomi z periodické soustavy prvka
a proc¢ jsou napriklad kyslik a uhlik bézné, zatimco zlato a uran jsou vzacné.

Nase Galaxie je ohromny ekosystém, v némz je plyn recyklovan po
sobé nasledujicimi pokolenimi hvézd. Kazdy z nas obsahuje atomy ukuté
v desitkach rtznych hvézd rozesetych po celé Mlécné draze, které zily a za-
nikly pred vice nez 4,5 miliardami let a znecistily tak mezihvézdné mrac¢no,
v némz zkondenzovala Slune¢ni soustava.

4.7ZA HRANICE NASI GALAXIE - KOSMICKE OBZORY

Rozsifme nyni své prostorové obzory do mimogalaktického kralovstvi. Vi-
me, Ze galaxie — nékteré diskovité, podobné nasi Mlé¢né draze ¢i Andro-
medé, jiné beztvaré ¢i ,eliptické” — jsou zakladnimi slozkami naseho roz-
pinajiciho se vesmiru. Co vSechno se ale vlastné mizeme o galaxiich do-
zvédét? Fyzikové, ktefi studuji ¢astice, je mohou zkoumat a nechat srazet
v urychlovacich v laboratofi CERN. Astronomové ale skute¢né galaxie ne-
chat srazet nemohou. A galaxie se méni tak pomalu, ze béhem lidského
zivota vidime jen momentku kazdé z nich. Mzeme v$ak provadét pokusy
ve ,virtualnim vesmiru®: pocitacové simulace zahrnujici gravitaci a dyna-
miku plynu.
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Supernovae are important for us: if it wasn’t for them we wouldn't be
here. By the end of a massive star’s life, nuclear fusion has led to an onion
skin structure- with hotter inner shells processed further up the periodic
table. This material is then flung out in the supernova explosion. The debris
then mixes into the interstellar medium and recondenses into new stars,
orbited by planets.

The concept was developed primarily by Hoyle and his associates.
They analysed the specific nuclear reactions involved, and were able to un-
derstand how most atoms of the periodic table came to exist and why oxy-
gen and carbon (for instance0 are common, whereas gold and uranium are
rare.

Our Galaxy is a huge ecological system where gas is being recycled
through successive generations of stars. Each of us contains atoms forged in
dozens of different stars spread across the Milky Way, which lived and died
more than 4.5 billion years ago, polluting the interstellar cloud in which the
Solar System condensed.

4. BEYOND OUR GALAXY - COSMIC HORIZONS

Let’s now enlarge our spatial horizons to the extragalactic realm. We know
that galaxies — some disc-like, resembling our Milky Way or Andromeda;
others amorphous ‘ellipticals’ — are the basic constituents of our expanding
universe. But how much can we actually understand about galaxies? Physi-
cists who study particles can probe them, and crash them together in acce-
lerators at CERN. Astronomers can’t crash real galaxies together. And gala-
xies change so slowly that in a human lifetime we only see a snapshot of
each. But we can do experiments in a ‘virtual universe’: computer simula-
tions, incorporating gravity and gas dynamics.

We can redo such simulations making different assumptions about
the mass of stars and gas in each galaxy, and so forth, and see which ma-
tches the data best. Importantly, we find, by this method and others, that
all galaxies are held together by the gravity not just of what we see. They’re
embedded in a swarm of particles that are invisible, but which collectively
contribute about 5 times as much mass as the ordinary atom - the dark
matter.
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Galaxie v Andromedé. © NASA/JPL-Caltech

Takovéto simulace mtizeme opakovat za riznych predpokladii o hmot-
nostech hvézd a plynu v kazdé galaxii a tak ddle a potom sledovat, které
nejlépe odpovidaji skute¢nosti. Dulezité je, Ze zjistime — a to at jiz timto, ¢i
jinymi postupy - Ze galaxie vzdy drzi pohromadé pritazlivost nejen toho,
co vidime. Jsou usazeny v roji ¢astic, které jsou neviditelné, ale dohromady
prispivaji asi pétindsobkem hmotnosti oby¢ejnych atomi - v temné hmoteé.

A predstavy o tom, jak se galaxie vyvijeji, miizeme testovat pozorova-
nim obdobi, kdy byly mladé. Hubbletiv dalekohled se pouziva ke studiu
»hlubokého vesmiru®, kdy zorné pole pokryva malickou oblast oblohy, kte-
ra ma napri¢ pouhych par thlovych minut. Vidite stovky skvrnek - jde
o galaxie, z nichz nékteré jsou zcela rovnocenné té nasi, jsou viak tak dale-
ko, Ze jejich svétlo se vydalo na cestu pied vice nez 10 miliardami let — po-
zorujeme je v dobé tésné poté, co vznikly.

Co se ale stalo jesté diiv — pred tim, nez existovaly galaxie? Klicovym
svédectvim, jez pochdzi od Penziase s Wilsonem z doby pred 50 lety, zde je
to, ze mezigalakticky prostor neni zcela chladny. Je ohfivan na 3 stupné nad
absolutni nulou slabym mikrovlnnym zafenim, o némz se vi, ze ma témeér
presné spektrum absolutné ¢erného télesa. Jde o ,,dosvit stvoreni svéta“ -
adiabaticky ochlazovany a zfedény poziistatek doby, kdy vse bylo natésna-
no do horké a husté kase. Jde o jednu z nékolika linii diikazd, jez nam
umoznily vyjasnit model ,,horkého velkého tresku®
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The Andromeda galaxy. © NASA/JPL-Caltech

And we can test ideas on how galaxies evolve by observing eras when
they were young. The Hubble Telescope has been used to study ‘deep fields,
each encompassing a tiny patch of sky — just a few arc minutes across. You
can see hundreds of smudges - these are galaxies, some fully the equal of
our own, but they’re so far away that their light set out more than 10 billion
years ago — they’re being viewed when they’ve recently formed.

But what happened still further back, before there were galaxies? The
key evidence here, dating back to Penzias and Wilson 50 years ago, is that
intergalactic space isn’t completely cold. Its warmed to 3 degrees above
absolute zero by weak microwaves, known to have an almost exact black
body spectrum. This is the ‘afterglow of creation’ - the adiabatically cooled
and diluted relic of an era when everything was squeezed hot and dense. It’s
one of several lines of evidence that have allowed us to firm up the ‘hot big
bang’ model.

The background radiation was last scattered when the temperature
was 3000 degrees and the free electrons combined with nuclei to mainly H
and He atoms. This was after about 300,000 years of expansion. The He and
D abundance was determined by nuclear reactions in the first few minutes,
at temperatures of a few billion degrees. More about this later.

But first, let’s address an issue that might seem puzzling. Our present
complex cosmos manifests a huge range of temperature and density - from
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Toto reliktni zareni se naposledy rozptylilo, kdyz teplota dosahla 3000
stupntl a volné elektrony se sloucily s jadry za vzniku atomil a to hlavné
vodiku a hélia. To bylo po asi 300 000 letech rozpinani. Cetnost hélia a deu-
teria urcily jaderné reakce v prvnich par minutach za teplot par miliard
stupnd. Vic si o tom povime pozdéji.

Nejprve se ale vénujme jedné otazce, ktera by nas zdanlivé mohla mast.
N4s soucasny slozity kosmos vykazuje ohromny rozsah teplot a hustot — od
rozzhavenych hvézd po temnou no¢ni oblohu. Lidé se ob¢cas trapi tim, jak
tato spletitost vznikla z beztvaré vyhné vybuchu. Mohlo by se zdat, ze to
porusuje druhy zakon termodynamiky - ten popisuje nezadrzitelny sklon
usporadanych obrazcti a struktur rozpadat ¢i rozplyvat se.

Odpovéd na tento zdanlivy paradox spociva v gravitacni sile. Gravitace
hustotni kontrasty zesiluje, misto aby je vymazavala. Expanze jakékoli ob-
lasti, ktera zacinala s lehce nadpriimérnou hustotou, by dale zpomalovala,
protoze tato oblast citi dodate¢nou ptitazlivost. Jeji rozpinani je stale vice
pozadu, az se nakonec rozpinat prestane a oddéli se. Bylo vytvofeno mnoho
simulaci ¢asti ,virtualniho vesmiru® které modelovaly doménu dost velkou
na to, aby v ni vznikly tisice galaxii. Kdyz tyto vypocty zobrazime jako film,
jasné ukazuji, jak zarodecné struktury rostou a vyvijeji se. Uvniti kazdého
shluku o velikosti galaxie zesiluje gravitace kontrasty jesté ddl. Plyn je vta-
hovan dovnitf a stlacovan do hvézd.

A je tujedna velmi dulezita véc. Pocate¢ni fluktuace zadéavané do pocita-
¢ovych modelt nejsou nahodilé - jsou odvozeny ze skute¢né pozorovanych

Mapa reliktniho zareni. © ESA and the Planck Collaboration
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blazingly hot stars, to the dark night sky. People sometimes worry about
how this intricate complexity emerged from an amorphous fireball. It might
seem to violate the second law of thermodynamics — which describes an
inexorable tendency for patterns and structure to decay or disperse.

The answer to this seeming paradox lies in the force of gravity. Gravity
enhances density contrasts rather than wiping them out. Any patch that
starts off slightly denser than average would decelerate more, because it
feels extra gravity; its expansion lags further and further behind, until it
eventually stops expanding and separates out. Many simulations have been
made of parts of a ,virtual universe’ - modelling a domain large enough to
make thousands of galaxies. The calculations, when displayed as a movie,
clearly display how incipient structures unfolds and evolves. Within each
galaxy-scale clump, gravity enhances the contrasts still further; gas is pul-
led in, and compressed into stars.

And there is one very important point. The initial fluctuations fed into
the computer models are not arbitrary - they’re derived from the actually
observed fluctuations in the temperature of the microwave background,
which have been beautifully and precisely delineated over the whole sky by
ESA’s Planck Spacecraft. The amplitude of the temperature fluctuations is
only one part in 100000, but computing forward, they’re amplified by gra-
vity into the conspicuous structures in the present universe.

What about the far future of our universe? In 1998 cosmologists had
a big surprise. It was by then well known that the gravity of dark matter

A map of the cosmic microwave background radiation.
© ESA and the Planck Collaboration
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fluktuaci teploty reliktniho zafeni, které pro celou oblohu krasné a presné
vykreslila druzice Planck Evropské kosmické agentury. Amplituda téchto
teplotnich fluktuaci je pouze jedna stotisicina, kdyz se ale dopocitaji do bu-
doucnosti, gravitace je zesili na vyrazné struktury sou¢asného vesmiru.

A co vzdalend budoucnost naseho vesmiru? Roku 1998 na kosmology
¢ekalo velké prekvapeni. Tehdy uz bylo velmi dobfe zndmo, Ze ptitazlivost
temné hmoty pievazuje nad pfitazlivosti bézné latky - ale také to, Ze temna
hmota plus baryony prispivaji ke kritické hustoté pouze asi 30 procenty.
Meélo se za to, Ze z toho plyne, Ze jsme ve vesmiru, jehoZ rozpinani se zpo-
maluje, ale ne dost na to, aby se nakonec zastavilo. Slavny Hubbletv dia-
gram supernov typu la vSak namisto pomalého brzdéni odhalil, ze rozpi-
nani se urychluje. Gravita¢ni pritazlivost podle véeho podlehla tajemné
nové sile skryvajici se v prazdném prostoru, jez galaxie tla¢i od sebe.

Navic zde byly nezavislé dikazy, které tuto teorii dokladaly. Podle Ein-
steinovy teorie by jednoduchy vesmir o nizké hustoté mél zapornou kiivost
— vnitfni thly velkého trojuhelniku by dohromady davaly méné nez 180
stupnd. To lze ovérit méfenim reliktniho zareni. Je tomu tak proto, Ze exis-
tuje jisty ptimocary efekt, ktery zptsobuje, ze kolisani teploty je napadnéjsi
pro urcitou vlnovou délku - okolo 300 000 svételnych let. Toto takzvané
»Dopplerovské maximum® jako prvni odhalil balénovy experiment nazva-
ny Bumerang a potvrdila jej data z Plancku. Objevuje se v thlovém mérit-
ku, které je ve shodé s plochym vesmirem.

Pokud bychom méli pouze Hubbletv diagram pro supernovy, nékteré
z nas by to nebylo nepresvédcilo. Tyto dva provazané a témér soucasné ob-
jevy ale spolecné celou véc rozhodly. Otazkou ted je povaha temné energie
— je nezavisla na case jako Einsteinova kosmologicka konstanta, nebo byla
v minulosti odli$na?

Dlouhodobé predpovédi jsou ztidkakdy spolehlivé, ale nejlep$im
a ,nejkonzervativnéj$im“ pristupem je vsadit si na to, Ze pfed sebou mame
témér celou vécnost - stale chladnéjsi a stale pustsi kosmos. Galaxie se
zrychlené vzdaluji a mizi za ,horizontem udalosti“ - to je dost podobné
naruby obracené verzi toho, co se stane, kdyz véci padaji do cerné diry. Vse,
co zbyde, budou pozistatky nasi Galaxie, Andromedy a mensich sousedd.
Protony se mohou rozpadnout, ¢astice temné hmoty mohou anihilovat, ob-
¢as se objevi par zableskil, jak se vyparuji ¢erné diry — a potom ticho.
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dominated that of ordinary stuff — but also that dark matter plus baryons
contributed only about 30 percent of the critical density. This was thought
to imply that we were in a universe whose expansion was slowing down, but
not enough to eventually be halted. But, rather than slowly decelerating, the
Hubble diagram of Type la supernovae famously revealed that the expan-
sion was speeding up. Gravitational attraction was seemingly overwhelmed
by a mysterious new force latent in empty space which pushes galaxies away
from each other.

Moreover there was independent evidence supporting this. Accor-
ding to Einstein’s theory, a straightforward low-density universe would
have negative curvature - the three angles of a big triangle would add up
to less than 180 degrees. This can be tested from microwave background
measurements. That’s because there’s a straightforward effect that makes
the temperature ripples more conspicuous for a particular wavelength -
about 300,000 light years. This so-called ‘doppler peak’ was first revealed
by a balloon-borne experiment called Boomerang, and has been confir-
med by the Planck data. It’s on an angular scale that’s consistent with a flat
universe.

If wed just had the supernova Hubble diagram, some of us wouldn’t
have been convinced. But these two interlinked and almost simultaneous
discoveries together clinched the case. The issue now is the nature of the
dark energy - is it time-independent, like Einstein’s cosmological constant,
or was it different in the past?

Long-range forecasts are seldom reliable, but the best and most ‘con-
servative’ bet is that we have almost an eternity ahead - an ever colder and
ever emptier cosmos. Galaxies accelerate away and disappear over an ‘event
horizon’ - rather like an inside out version of what happens when things
fall into a black hole. All that’s left will be the remnants of our Galaxy,
Andromeda, and smaller neighbours. Protons may decay, dark matter par-
ticles annihilate, occasional flashes when black holes evaporate — and then
silence.
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5. VELMI RANY VESMIR - SPEKULATIVNE]Si MYSLENKY

Vratit se dokdzeme az k prvni sekundé po pocate¢nim okamziku. Vlastné
si pravdépodobné muzeme byt jisti az do jedné nanosekundy: tehdy méla
LHC - a cely viditelny vesmir byl sméstnan do objemu nasi slunec¢ni sou-
stavy. Otazky jako ,,Odkud pochézely tyto fluktuace?” a ,,Pro¢ rany ves-
mir obsahoval pravé tu smés protond, fotont a temné hmoty, kterou po-
vesmir jesté nepomérné stlacenéjsi a kdy energie dosahovaly hodnoty
10716 GeV - zde nam pokusy nenabizeji zadné primé voditko ohledné
prislusné fyziky.

V tomto okamziku bych mél zaradit jedno ,,zdravotni varovani®, pro-
toze nasledujici rozprava zac¢ina byt mnohem spekulativnéjsi. Podle jedné
oblibené teorie byl pii energii 10A16 GeV cely objem, ktery vidime svymi
dalekohledy, hyperhustou hrudkou, jez nebyla vétsi nezli jablko. A ta naky-
péla z ¢ehosi prinejmensim bilionkrat mensiho nez atomové jadro.

Model takzvaného ,,infla¢cniho vesmiru® je jiz dolozen mnozstvim fak-
tt. Muze vSak byt uzite¢né shrnout si zasadni pozadavky na vznik naseho
slozitého a strukturovaného kosmu z prostych a beztvarych pocatka.

(i) Prvnim pfedpokladem je samozfejmeé existence gravitacni sily —
ktera, jak se vesmir rozpina, zvyraznuje hustotni kontrasty (jak
jsme si uz vysvétlili dfive), coz umoznuje kondenzaci vazanych
struktur z ptivodnich nepravidelnosti o malé amplitudé. Jde o ve-
lice slabou silu. V atomarnim méritku je asi deset na 40 krat slabsi
nez elektricka sila mezi elektronem a protonem. V jakémbkoli vel-
kém objektu se ale kladné a zaporné naboje témér presné vyrusi.
Vse ma naopak stejné ,znaménko“ gravitacniho naboje, takze
kdyz k sobé napéchujete dostate¢ny pocet atomt, zvitézi gravita-
ce. Hvézdy a planety jsou ale tak velké proto, Ze gravitace je slaba.
Byla-li by silnéjsi, uz i objekty velké jako asteroidy (nebo dokonce
jen tak malé jako kostka cukru) by byly gravitaci rozdrceny. Acko-
li je tedy gravitace kli¢ova, je také klicové, aby byla velmi slaba.

(if) Musi existovat prebytek hmoty nad antihmotou.
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5. THE VERY EARLY UNIVERSE - MORE SPECULATIVE THOUGHTS

We can trace back to 1 second after the initial instant. Indeed we can pro-
bably be confident back to a nanosecond: thats when each particle had
about 50 GeV of energy — as much as can be achieved in the LHC - and the
entire visible universe was squeezed to the size of our solar system. But
questions like ‘where did the fluctuations come from?” and “why did the
early universe contain the actual mix we observe of protons, photons and
dark matter?” take us back to the even briefer instants when our universe
was hugely more compressed still - when energies were 10A16Gev, where
experiments offer no direct guide to the relevant physics.

At this point, I should insert a ‘health warning’ because the discourse
hereafter becomes much more speculative. According to a popular theory,
the entire volume we can see with our telescopes was at 10A16 GeV, a hy-
per-dense blob no bigger than an apple. And it had inflated from some-
thing at least a trillion times smaller than an atomic nucleus

The so-called ‘inflationary universe’ model is supported already by
much evidence. But it may be useful to summarise the essential require-
ments for the emergence of our complex and structured cosmos from sim-
ple amorphous beginnings.

(i) The first prerequisite is of course the existence of the force of gra-
vity — which (as explained earlier) enhances density contrasts as
the universe expands, allowing bound structures to condense out
from initially small-amplitude irregularities. It's a very weak force.
On the atomic scale, it's about 40 powers of ten weaker than the
electric force between electron and proton. But in any large object,
positive and negative charges almost exactly cancel, In contrast,
everything has the same ‘sign’ of gravitational charge so when suf-
ficiently many atoms are packed together, gravity wins. But stars
and planets are so big because gravity is weak. Were gravity stron-
ger, objects as large as asteroids (or even sugar-lumps) would be
crushed by gravity. So, though gravity is crucial, it’s also crucial
that it should be very weak.

(ii) There must be an excess of matter over antimatter.
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Velky tresk. © NASA

(iii) Dal$im pozadavkem na hvézdy, planety a biosféry je, aby jejich
chemie byla netrivialni. Pokud by jedinym prvkem byl vodik, che-
mie by byla fadni. Periodicka soustava stabilnich prvki vyzaduje
rovnovahu mezi dvéma nejdulezitéjsimi silami v mikrosvété: ja-
dernou vazebnou silou (,,silnymi interakcemi) a elektrickou od-
pudivou silou, ktera protony Zene od sebe.

(iv) Musi existovat hvézdy - dostatek béznych atomt v porovnani
s temnou hmotou. (Vlastné musi existovat prinejmensim dvé ge-
nerace hvézd: jedna, ktera vytvori chemické prvky, a druha, ktera
muze byt obklopena planetami.)

(v) Vesmir se musi rozpinat ,,spravnou” rychlosti - nesmi se zhroutit
prili§ brzy, ani se rozepnout tak rychle, Ze by gravitace nemohla
usporadat prislusné struktury.

(vi) Musi tu byt urcité fluktuace, na nichz se gravitace pfizivi - s do-
statecnou amplitudou, aby umoznovaly vznik struktur. Jinak by
ted vesmir byl jen chladny, nesmirné rozptyleny vodik - zadné
hvézdy, zadné tézsi prvky, zadné planety a zadni lidé. V nasem
skute¢ném vesmiru maji pocateéni fluktuace kosmické ktivosti
amplitudu 0,00001. Podle infla¢nich modelt je tato amplituda da-
na kvantovymi fluktuacemi. Jeji skute¢na hodnota zavisi na detai-
lech daného modelu.
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The Big Bang. © NASA

(iii) Another requirement for stars, planets and biospheres is that che-
mistry should be non-trivial. If hydrogen were the only element,
chemistry would be dull. A periodic table of stable elements re-
quires a balance between the two most important forces in the
microworld: the nuclear binding force (the ‘strong interactions’)
and the electric repulsive force that drives protons apart.

(iv) There must be stars — enough ordinary atoms relative to dark mat-
ter. (Indeed there must be at least two generations of stars: one to
generate the chemical elements, and a second able to be surroun-
ded by planets.)

(v) The universe must expand at the ‘right’ rate — not collapse too
soon, nor expand so fast that gravity can’t pull together the structu-
res.

(vi) There must be some fluctuations for gravity to feed on - sufficient
in amplitude to permit the emergence of structures. Otherwise the
universe would now be cold ultra-diffuse hydrogen - no stars, no
heavy elements, no planets and no people. In our actual universe,
the initial fluctuations in the cosmic curvature have an amplitude
0.00001.According to inflationary models, this amplitude is deter-
mined by quantum fluctuations. Its actual value depends on the
details of the model.
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A je tu jesté dalsi zasadni otazka: jak velka je fyzikalni realita? Vidime
pouze kone¢ny objem - konec¢ny pocet galaxii. Je tomu tak v podstaté pro-
to, Ze tu je jisty horizont: skofapka kolem nas, ktera vymezuje vzdalenost,
jiz svétlo dokazalo urazit od velkého tfesku. Tato skordpka ale nema o nic
vétsi fyzikalni vyznam nez kruznice, kterda vymezuje vas obzor, kdyz jste
vprostfed ocednu. Za horizontem bychom ocekavali mnohem vic galaxii.

V ramci viditelného vesmiru neni znat zadny gradient teploty ani hus-
toty: to naznacuje, Ze dokonce i pokud je vesmir konecného rozsahu, prosti-
ra se jesté tisickrat dal. To je ale pouze minimum. Pokud by prostor sahal
dost daleko, potom by se zde opakovaly v§echny kombinatorické moznosti.
Daleko za horizontem bychom my vsichni mohli mit své avatary. At je to jak
chce, dokonce i konzervativni astronomové si jsou jisti, Ze objem prostoro-
¢asu v dosahu nasich dalekohledti - jenz astronomové tradi¢né nazyvaji
~vesmir — je pouze nepatrnym zlomkem dozvuki naseho velkého tresku.

A je tu jesté cosi dalsiho. Prijatelné modely fyziky za ultravysokych
energii, kdy mohlo dojit k inflaci, vedou k takzvané ,vécné inflaci® ,Nasg*
velky tfesk by mohl byt pouhym jednim ostriivkem prostoro¢asu v ohrom-
ném kosmickém souostrovi — v multiverzu.

Kli¢ové otazky potom zni:

(i) Doslo k jednomu velkému tfesku, nebo k mnoha?

(ii) Pokud je jich vic, jsou vzdy presnymi vzajemnymi kopiemi, nebo
»prehravaji“ vSechny variace na téma fyzikalnich zakont a kon-
stant, takze vétsina se jich ,,zrodi“ mrtva a my se nachazime v jed-
nom vesmiru z té podmnoziny, ktera umoznuje vznik komplex-
nich struktur (takzvany ,,antropicky vybér®)?

Jde o spekulativni fyziku - jde vSak o fyziku, nikoli metafyziku. Je tu
nadéje, Ze se vie vyjasni. Dalsi studium fluktuaci reliktniho zafeni nam od-
hali ptislusnd voditka. Dilezitéjsi je ale to, Ze pokud by fyzikové vypracova-
li sjednocenou teorii silné a elektromagnetické interakce - a tato teorie by
byla ovéfena nebo podporena pozorovanim v nasem svété nizkych energii
— brali bychom potom vazné, co tato teorie predpovida o infla¢ni fazi a jak
ve skute¢nosti znéji odpovédi na vyse uvedené dvé otazky.

Pokud odpovéd na bod (ii) zni ,,ano®, potom to, co nazyvame ,,ptirod-
nimi zakony*, mohou byt z nejobecnéjsiho pohledu pouhé mistni vyhlasky,
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And here’s another fundamental question: How large is physical reali-
ty? We can only see a finite volume - a finite number of galaxies. That’s
essentially because there’s a horizon: a shell around us, delineating the
distance light can have travelled since the big bang. But that shell has no
more physical significance than the circle that delineates your horizon if
you're in the middle of the ocean. Wed expect far more galaxies beyond the
horizon.

There’s no perceptible gradient in temperature or density across the
visible universe: this suggests that, even if it’s of finite extent, it stretches
thousands of times further. But that’s just a minimum. If space stretched far
enough, then all combinatorial possibilities would be repeated. Far beyond
the horizon, we could all have avatars. Be that as it may, even conservative
astronomers are confident that the volume of space-time within range of
our telescopes — what astronomers have traditionally called ‘the universe’
- is only a tiny fraction of the aftermath of our big bang.

And there’s something else. Plausible models for the physics at the
ultra-high energies where inflation could have occurred lead to so-called
‘eternal inflation’ ‘Our’ big bang could be just one island of space-time in
a vast cosmic archipelago - a multiverse..

Key questions then are:

(i) Isthere one big bang, or many?

(ii) If there are many, are they all replicas of each other, or do they
‘ring the changes’ on the laws and constants of physics, so that
most are ‘stillborn’ and we find ourselves in one of the subset that
allow complexity to emerge (so called ‘anthropic selection’) ?

This is speculative physics - but it’s physics, not metaphysics. There’s
hope of firming it up. Further study of the fluctuations in the background
radiation will reveal clues. But, more important, if physicists developed
a unified theory of strong and electromagnetic forces — and that theory is
tested or corroborated in our low-energy world — we would then take seri-
ously what it predicts about an inflationary phase and what the answers to
the two questions above actually are.

If the answer to (ii) is ‘yes, then what we call , laws of nature‘ may in the
grandest perspective be mere local bylaws governing our cosmic patch.
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jimiz se ridi nas kosmicky okrsek. Mnoho oblasti by mohlo byt mrtvych ¢i
nezivych - zakony, jez v nich panuji, nemusi ptipoustét jakykoli druh kom-
plexnich struktur. Proto bychom necekali, Ze bychom se nachazeli v typic-
kém vesmiru - spi$e bychom byli v typickém prvku podmnoziny, kde by se
mohl vyvinout pozorovatel. Pravé to je antropicky vybér.

Tuto prednasku jsem zacal popisem nové objevenych planet obihaji-
cich cizi hvézdy. Rad bych zde uvedl retrospektivu planetarni nauky pred
400 lety — dokonce jesté pred Newtonem. Tou dobou se Kepler domnival,
ze slune¢ni soustava je jedine¢na a ze souvislost obézné drahy Zemé s ostat-
nimi planetami je dana krasnymi matematickymi poméry, v nichz vystupu-
ji platénské pravidelné mnohostény. Dnes jsme si védomi toho, Ze existuji
miliardy hvézd, z nichz kazda ma planetarni soustavu. Draha Zemé je vy-
znacna pouze tim, Ze lezi v rozsahu poloméri a excentricit slucitelnych se
zivotem (neni napf. ani prili$ chladnd a ani pfili§ horka na to, aby umoznila
existenci tekuté vody).

Mozna nas ¢ekd obdobny posun v uvazovani a to v mnohem grandioz-
néj$im méritku. Nas velky tfesk nemusi byt vyjimecny o nic vic nez plane-
tarni soustavy. Jeho parametry mohou byt pouze nahodilymi vlastnostmi
mistniho prostiedi stejné jako detaily zemské obézné drahy. Nadéje na né-

Multiverzum. © Ivana Havrankova
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Many patches could be still-born or sterile - the laws prevailing in them
might not allow any kind of complexity. We therefore wouldn’t expect to
tind ourselves in a typical universe — rather, wed be in a typical member of
the subset where an observer could evolve. This is anthropic selection.

I started this talk by describing newly-discovered planets orbiting
other stars. I'd like to give a flashback to planetary science 400 years ago —
even before Newton. At that time, Kepler thought that the Solar System was
unique, and Earth’s orbit was related to the other planets by beautiful ma-
thematical ratios involving the Platonic regular solids. We now realise that
there are billions of stars, each with planetary systems. Earth’s orbit is spe-
cial only insofar as it’s in the range of radii and eccentricities compatible
with life (e.g. not too cold and not too hot to allow liquid water to exist).

Maybe were due for an analogous conceptual shift, on a far grander
scale. Our big bang may not be unique, any more than planetary systems
are. Its parameters may be ‘environmental accidents; like the details of the
Earth’s orbit. The hope for neat explanations in cosmology may be as vain
as Kepler’s numerological quest.

If there is a multiverse, it will take our Copernican demotion one sta-
ge further - our solar system is one of billions of planetary systems in our

The multiverse. © lvana Havrankova
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jaké ¢isté vysvétleni jsou v kosmologii mozna pravé tak plané jako Keplero-
vo numerologické tazeni.

Pokud existuje multiverzum, dotdhne nasi kopernikovskou degradaci
jesté o jeden stupen dal - nase slunec¢ni soustava je jednou z miliard plane-
tarnich soustav v nasi Galaxii, jeZ je jednou z miliard galaxii dostupnych
nasim dalekohlediim - celé toto panordma je ale mozna pouze nepatrnou
¢asti dozvuku ,,naseho” velkého tresku — ktery je mozna sim o sobé jen
jednim z miliard. Néktef1 fyzikové mohou byt roz¢arovani, pokud se ukaze,
ze néektera z klicovych cisel, ktera se snazi vysvétlit, jsou pouze lokalnimi
eventualitami, které nejsou o nic ,,fundamentalnéjsi“ nez parametry zem-
ské obézné drahy kolem Slunce. Vyménou za to bychom si ale uvédomili, ze
prostor a ¢as maji bohatou texturu - v méfitcich tak ohromnych, Ze astro-
nomové si ji nejsou pfimo védomi o nic vic, nez by si byl topografie svéta
a biosféry védom plankton, jehoz ,vesmirem® je 1zicka vody.

Na jedné konferenci ve Stanfordu probihala panelova diskuze, kde by-
la ucastnikiim polozena otazka, jak moc by si vsadili na predstavu multi-
verza. Rekl jsem, Ze na stupnici ,Vsadil byste svou zlatou rybicku, svého
psa, nebo sebe?“ jsem byl skoro na Grovni psa. Andrej Linde prohlasil, ze si
je mnohem jistéjsi — koneckoncti myslence vé¢né inflace zasvétil 25 let své-
ho zivota. A velky teoretik Steven Weinberg pozdéji fekl, Ze by klidné vsadil
psa Martina Reese i Zivot Andreje Lindeho.

Dosahli jsme uzasného pokroku. Pred padesati lety nevédéli kosmolo-
gové, zda doslo k velkému tfesku. Dnes dokazeme odvozovat docela presné
zavéry az do ¢asu jedna nanosekunda. Takze debaty, které ted vypadaji jako
potrhlé spekulace, budou za padesat let mit mozna uz pevnéjsi zaklad. Je
ale dtlezité zduraznit, ze pokrok bude i nadéle - stejné jako tomu bylo az
dosud - zaviset z 95 procent na zdokonalujicich se pfistrojich a technice
az méné nez 5 procent na salénni teorii.

6. ODBOCKA

Obecna relativita a kvantova teorie jsou sesterské pilife fyziky dvacatého
stoleti. Nebyly vSak dosud skloubeny do jediné sjednocené teorie. Ve vétsi-
né kontextti nam to neprekazi, protoze oblasti, kde jsou tyto teorie podstat-
né, se neprekryvaji. Astronomové si nemuseji v§imat kvantové rozmaza-
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Galaxy, which is one of billions of galaxies accessible to our telescopes —
but this entire panorama may be a tiny part of the aftermath of ‘our’ big
bang - which itself may be one among billions. It may disappoint some
physicists if some of the key numbers they are trying to explain turn out to
be mere environmental contingencies — no more fundamental’ than the
parameters of the Earth’s orbit round the Sun. But in compensation, wed
realize space and time were richly textured - but on scales so vast that
astronomers aren’t directly aware of it - any more than a plancton whose
‘universe’ was a spoonful of water, would be aware of the world’s topogra-
phy and biosphere.

At a conference in Stanford there was a panel discussion where the
panellists were asked how strongly theyd bet on the multiverse concept.
I said that, on the scale would you bet your goldfish, your dog or yourself,
I was almost at the dog level. Andre Linde said he was far more confident
— after all hed devoted 25 years of his life to the eternal inflation idea. And
the great theorist Steven Weinberg later said that hed happily bet Martin
Rees’s dog and Andre Lindes life.

We've made astonishing progress. Fifty years ago, cosmologists didn’t
know if there was a big bang. Now, we can draw quite precise inferences
back to a nanosecond. So in fifty years, debates that now seem flaky specu-
lation may have been firmed up. But it’s important to emphasise that pro-
gress will continue to depend, as it has up till now, 95 percent on advancing
instruments and technology - less than 5 percent on armchair theory.

6. A DIGRESSION

General relativity and quantum theory are the twin pillars of 20th century
physics. But they haven’t yet been meshed together into a single unified
theory. In most contexts, this does not impede us because the domains of
relevance do not overlap. Astronomers can ignore quantum fuzziness when
calculating the motions of planets and stars (right hand side). Conversely,
chemists can safely ignore gravitational forces between individual atoms in
a molecule because they are nearly 40 powers of ten feebler than electrical
forces. But at the very beginning, everything was squeezed so small that
quantum fluctuations could, as it were, ‘shake’ the entire universe.
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nosti, kdyz pocitaji pohyby planet a hvézd. Naopak chemici mohou bezpec-
né ignorovat gravita¢ni sily mezi jednotlivymi atomy v molekule, protoze ty
jsou témeér deset na ctyficatou krat slabsi nez sily elektrické. V samém po-
c¢atku ale bylo vSe namackano tak tésné, ze kvantové fluktuace dokazaly
takrikajic ,,otrast” celym vesmirem.

My sami jsme v logaritmickém meéritku nékde uprostfed mezi atomy
a hvézdami: dost velci v porovnani s atomy, abychom méli vrstvu za vrstvou
slozitych struktur, ale ne tak velci, Ze by nas rozdrtila pritazlivost nasi pla-
nety. (Geometricky primér hmotnosti protonu a hmotnosti Slunce je
50 kilogramti.) Abychom porozuméli sami sobé, musime rozumét atomtim,
z nichz se skladame, a hvézdam, jez vytvorily tyto atomy. Pochopit byt i jen
hmyz s jeho vrstvou za vrstvou slozitych struktur je obtiznéjsi nez v ptipadé
hvézdy, kde intenzivni Zar a gravita¢ni stlacovani brani slozité chemii.

A to je divod, proc¢ 99 procent védcti nejsou ani ¢asticovi fyzikové, ani
astronomové: nepracuji ani na velmi malém, ani na velmi velkém, nybrz na
velmi slozitém, coz sebou nese ty nejobtiznéjsi ze vSech tkoli.

Védecké obory jsou nékdy pripodobnovany k riznym podlazim vyso-
ké budovy - ¢asticova fyzika je v pfizemi, potom zbytek fyziky, potom che-
mie a tak dale: az nahoru k psychologii — a ekonomim ve stfeSnim apart-
manu. Existuje i odpovidajici hierarchie slozitosti — atomy, molekuly, bun-
ky, organizmy a tak dale.

Tato analogie s budovou je ale chaba. Védecké obory na ,,vyssich urov-
nich®, které se zabyvaji slozitymi systémy, nejsou ohrozeny nejistym zékla-
dem, jako je tomu v pripadé budovy. Kazda troven ma své vlastni nezavislé
pojmy a teorie. Chceme-li pochopit, pro¢ v proudéni dojde k turbulenci ne-
bo pro¢ se lamou vlny, jsou subatomarni detaily nepodstatné. S tekutinou
zachdzime jako se spojitym prostfedim. Albatros se dle o¢ekavani vrati na
své hnizdo poté, co pri toulkdch jiznimi mofti urazil desitky tisic kilometra.
Nejde vsak o tentyz druh predpovédi, jakou ¢ini astronomové ohledné ne-
beskych drah a zatméni.

Nehledé na to, jak je co slozité — lamajici se vlny, stéhovavi ptaci a rov-
nikové pralesy - je vée tvofeno atomy a vse se fidi rovnicemi kvantové fyzi-
ky. I kdyby ale bylo mozné Schrodingerovu rovnici vyresit, jeji feseni by
nam nepfineslo ono pouceni, jez védci hledaji. Redukcionizmus ma v jis-
tém smyslu pravdu. Malokdy ma ale pravdu v uzite¢ném slova smyslu. Kaz-
dy védecky obor ma své vlastni nezavislé pojmy a zakony.
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We ourselves — are midway - on a log scale — between atoms and stars:
large enough, compared to atoms, to have layer upon layer of intricate
structure; but not so large that we're crushed by our planet’s gravity. (The
geometric mean of a proton mass and the Sun’s mass is 50 kilograms). To
understand ourselves, we must understand the atoms we’re made of, and
the stars that made those atoms. Even an insect, with its layer upon layer of
complexity is harder to understand than a star, where intense heat and
compression by gravity precludes complex chemistry.

And that is why 99 percent of scientists are neither particle physicists
nor astronomers: they work neither on the very small nor on the very large,
but, instead, on the very complex, which presents the greatest challenges of
all.

The sciences are sometimes likened to different levels of a tall building
- particle physics on the ground floor, then the rest of physics, then chemis-
try, and so forth: all the way up to psychology - and the economists in the
penthouse. There is a corresponding hierarchy of complexity — atoms, mo-
lecules, cells, organisms, and so forth.

But the analogy with a building is poor. The ‘higher level’ sciences de-
aling with complex systems aren’t imperilled by an insecure base, as
a building is. Each level has its own autonomous concepts and theories. To
understand why flows go turbulent, or why waves break, subatomic details
are irrelevant. We treat the fluid as a continuum. An albatross returns pre-
dictably to its nest after wandering ten thousand miles in the southern oce-
ans. But this is not the same kind of prediction as astronomers make of
celestial orbits and eclipses.

Everything, however complicated - breaking waves, migrating birds,
and tropical forests — is made of atoms and obeys the equations of quantum
physics. But even if Schrodinger’s equation could be solved, its solution
wouldn’t offer the enlightenment that scientists seek. Reductionism is true
in a sense. But it’s seldom true in a useful sense. Each science has its own
autonomous concepts and laws.

Phenomena with different levels of complexity are understood in
terms of different irreducible concepts — turbulence, survival, alertness,
and so forth. The brain is an assemblage of cells; a painting is an assembla-
ge of chemical pigment. But in both cases what’s important and interesting
is the pattern and structure — the emergent complexity.
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Jevy s odli$nou trovni slozitosti jsou chapany z pohledu odlisnych ne-
redukovatelnych pojmu - turbulence, preziti, ostrazitost a tak dale. Mozek
je seskupenim bunék; obraz je seskupenim chemickych barviv. To, co je ale
v obou pripadech dtlezité a zajimavé, je schéma a struktura - rodici se slo-
Zitost.

To byla odbocka, ktera méla vyzdvihnout jednotu védy - a téz skrom-
né gesto ucty vici 99 procentiim védc, ktefi nejsou ani ¢asticovymi fyziky
ani kosmology.

7. ZAVERECNY VYHLED

Nakonec se z kosmu - nebo pripadné taky z ohromné sbirky kosmi fidi-
cich se uplné odlisnymi zakony - chci vratit zpét a soustredit se 1épe na to,
co se déje tady a ted. Casto jsem tazan, zda existuje né&jaky zvldstni dhel
pohledu, jenz mohou astronomové védé a filozofii nabidnout. Svou do-
movskou planetu vidime v kontextu nesmirného kosmu. A v nadchazeji-
cich desetiletich se dozvime, zda tam nékde neni zivot. Podstatnéjsi ale je,
ze astronomové mohou nabidnout povédomi o nezmérné budoucnosti.

Ohromné casové rozpéti predchozi evoluce je jiz soucasti vseobecné
kultury (mozna ne v Kentucky a ani v nékterych ¢astech muslimského své-
ta). Darwinizmus nam fika, Ze nase stavajici biosféra je vysledkem vice nez
¢tyf miliard let vyvoje.

Vétsina z nas se presto stale jesté domniva, Ze my lidé jsme nutné vr-
cholem evolu¢niho stromu. Astronomovi to stézi prijde vérohodné - vlast-
né jsme pravdépodobné stale jesté bliz zacatku nez konci. Nase Slunce
vzniklo pred 4,5 miliardami let, ale pfed sebou ma dal$ich 6 miliard let, nez
mu dojde palivo. Potom vzplane a pohlti vnitini planety. A rozpinajici se
vesmir pijde dal - mozna navzdy - a jeho osudem je byt stale chladnéjsi,
stale prazdnéjsi. Abych ocitoval Woodyho Allena: vé¢nost je velmi dlouha,
zvlast ke konci.

Jakékoli bytosti, které budou za 6 miliard let svédky skonu Slunce, tu-
diZ nebudou lidé - budou od nas zrovna tak odlisni, jako se my lisime od
broukii. Evoluce nasledujici po obdobi ¢lovéka - zde na Zemi i daleko od ni
— by mohla trvat stejné dlouho jako evoluce darwinovska, ktera dospéla
k nam - a dokonce by mohla byt i tizasnéjsi. A tato evoluce je nyni samo-
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That was a digression to highlight the unity of science - plus a gesture
of deferential modesty towards the 99 percent of scientists are neither par-
ticle physicists nor cosmologists.

7. CONCLUDING PERSPECTIVE

Finally, I want to draw back from the cosmos - even from what may be
a vast array of cosmoses, governed by quite different laws — and focus back
closer to the here and now. 'm often asked - is there a special perspective
that astronomers can offer to science and philosophy? We view our home
planet in a vast cosmic context. And in coming decades we'll know whether
there’s life out there. But, more significantly, astronomers can offer an awa-
reness of an immense future

The stupendous timespans of the evolutionary past are now part of
common culture (maybe not in Kentucky, or in parts of the Muslim world).
Darwinism tells us how our present biosphere is the outcome of more than
four billion years of evolution.

But most people still somehow think we humans are necessarily the
culmination of the evolutionary tree. That hardly seems credible to an
astronomer - indeed, we are probably still nearer the beginning than the
end. Our Sun formed 4.5 billion years ago, but it’s got 6 billion more before
the fuel runs out. It then flares up, engulfing the inner planets. And the
expanding universe will continue - perhaps for ever — destined to become
ever colder, ever emptier. To quote Woody Allen, eternity is very long, espe-
cially towards the end.

Any creatures witnessing the Sun’s demise 6 billion years hence won't
be human - they’ll be as different from us as we are from a bug. Posthuman
evolution - here on Earth and far beyond --could be as prolonged as the
Darwinian evolution that’s led to us — and even more wonderful. And of
course this evolution is even faster now - it happens on a technological
timescale, operating far faster than natural selection and driven by advan-
ces in genetics and in artificial intelligence (AI).We don’t know whether the
long term future lies with organic or silicon-based life.

But my final thought is this. Even in this ‘concertinered’ timeline -
extending billions of years into the future, as well as into the past — this
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zfejmé dokonce jesté rychlejsi — dochazi k ni na ¢asovych skalach danych
technikou. Funguje tedy daleko rychleji nez pfirodni vybér a kupredu ji
zene pokrok genetiky a umél¢ inteligence. Nevime, zda daleka budoucnost
spociva v organickém zivoté, nebo v Zivoté zalozeném na kfemiku.

Moje zavérecna myslenka je vSak nasledujici: dokonce i na této ,,har-
monikovité“ ¢asové ose tahnouci se miliardy let do budoucnosti i do minu-
losti je toto stoleti mozna onim urcujicim okamzikem. Hrozby pro lidstvo
prichazely po vétsinu déjin z prirody - choroby, zemétreseni, povodné a tak
dale. Toto stoleti je ale specifické. Jde o prvni stoleti, kdy jeden druh - ten
nas$ — ma budoucnost Zemé ve svych rukou a mohl by nezmérny potencial
zivota ohrozit. Vstoupili jsme do geologického obdobi zvaného antropocén.

Nase Zemé¢, tato ,bledémodra tecka“ v kosmu, je vyjimecné misto. Tre-
ba jde o jedine¢né misto. A my jsme jeho spravci v opravdu klicové dobé.
To je dulezité poselstvi pro nas vSechny, at uz se o astronomii zajimame, ¢i
nikoliv.
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century may be a defining moment. Over most of history, threats to huma-
nity have come from nature - disease, earthquakes, floods, and so forth.
But this century is special. It’s the first where one species — ours — has Earth’s
future in its hands, and could jeopardise life’s immense potential. We've
entered a geological era called the anthropocene.

Our Earth, this ‘pale blue dot’ in the cosmos, is a special place. It may
be a unique place. And we're its stewards at a specially crucial era. Thats
an important message for us all, whether we're interested in astronomy or
not.
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Zemé: Gzasna vodni planeta

GEOFFREY BOULTON
Edinburska univerzita

Pro¢ jsou oceany dulezité

Zemé je vodni planeta. Jeji povrch tvori ze 70,9 % ocean o objemu 1 335
milioni kilometrt krychlovych. Je ojedinéla ve slune¢ni soustavé a, pokud
vime, je ojedinéla i v nasi galaxii.

Ackoli byl ocean zasadni pro vyvoj zZivota na Zemi a nezbytny pro
udrzeni Zivota na této planeté, vétsina lidi toho o ném vi jen maélo. Pev-
niny zname a rozumime jim dopodrobna véetné jejich minulosti, jejich
terénu a jejich obyvatel, oceany ale byvaji pokladany pouze za ,zdroj*
a jako takové jsou i vyuzivany - snad proto, Ze v oceanech nejsou zadni
volidi.

Obr. 1. Vodnata strana planety: Tichy ocean, ktery tvofi 49,4 % plochy svétovych
oceand.

Pro¢ by tedy mélo na oceanech zélezet lidem v Ceské republice, kterd

je od nich daleko? Je to proto, Ze i zde Zivot zavisi na oceanskych pochodech
velmi podobné jako v Britanii, zapadnim vybézku Evropy do morte. Navic
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Earth: the Amazing Water Planet

GEOFFREY BOULTON
University of Edinburgh

Why the Oceans matter

The Earth is a water planet. 70.9% of its surface is ocean, with a volume of
1,335 million cubic kilometres. It is unique in the solar system and, as far as
we know, unique in in our galaxy.

Though it has been fundamental to the evolution of life on Earth, and
essential to the maintenance of life on the planet, most people know little of
the ocean. The land areas are known and understood in great detail, their
histories, their landscapes and their populations; but the oceans tend mere-
ly to be regarded as a “resource’, and exploited as such; perhaps because
there are no voters in the oceans.

Fig. 1. The watery side of the planet: the Pacific Ocean, which comprises 49.4% of
the global ocean area.

So why should people in the Czech Republic, far from the oceans, care
about them? It is because life here is as dependent upon the workings of the
oceans is much as it is in Britain, on the western ocean fringe of Europe.
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mate moznd k oceantim bliz, nez si myslite. Shakespeare ma v Zimni pohdd-
ce postavu syna ovcaka, ktery nahldsi vrak lodi na pobrezi Cech, ,,poustni
zemé pobliz more®

Objevovani oceanii

Roku 1868 primél Charles Wyville Thompson z Edinburské univerzity
Krélovskou spole¢nost v Londyné, aby si zajistila HMS Challenger, vojen-
skou lod Kralovského namornictva, ktera méla byt vybavena jako védecka
platforma a laboratof pro velkou vypravu zkoumajici hlubiny oceanu.
Expedice Challenger z let 1872-1876 polozila zaklady moderniho objevo-
vani oceantl. Béhem této doby urazila vyprava 70 000 namornich mil, za-
stavila se na 362 mistech, kde odebrala vzorky, zapojilo se do ni pres
100 védcit rtiznych narodnosti a vydala zpravu o 50 svazcich, jejichz do-
konceni pod vedenim Johna Murrayho, vedouciho védeckého tymu, trvalo
19 let. Stanovila tvar velkych oceanskych panvi a jejich ohromnou hloubku,
vynesla prvni systematické grafy teploty a slanosti more a jejich vlivu na
pohyby oceanu ve velkém méfitku a objevila geostrofické morské proudy
a zahdjila jejich systematické mapovani. Urcila 4 700 novych druhi zvirat
a rostlin a prokazala charakter nanosti na moiském dné. Vedla k vytvoreni
prvniho mezinarodniho védeckého organu na svété, Védeckého vyboru
pro vyzkum oceanti (SCOR), k tomu, Ze Murray vymyslel termin ,,oceano-
grafie®, a k zaloZeni vyzkumné instituce, jejimz pfedsedou mam tu cest byt
— Skotské asociace pro motskou védu.

Obr. 2. Trasa vypravy Challenger, 1872—-1876.
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Moreover, perhaps you are closer to the oceans than you think. Shakespea-
re, in the Winter’s Tale, has a shepherd’s son report a shipwreck on the coast
of Bohemia, “a desert country near the sea”

The discovery of the Oceans

In1868. Charles Wyville Thompson of Edinburgh University prompted the
Royal Society in London to obtain the use of a Royal Naval warship, HMS
Challenger, to be fitted out as a scientific platform and laboratory for a ma-
jor expedition to explore the depths of the ocean. The Challenger expedi-
tion of 1872-1876 laid the foundations for the modern discovery of the oce-
ans. It traversed 70,000 nautical miles, occupied 362 sample stations, invol-
ved over 100 international scientists during its course and produced a report
of 50 volumes, which took 19 years to complete under the direction of John
Murray, the expeditions chief scientist. It established the shape of the great
ocean basins, their profound depths, the first systematic plots of ocean tem-
perature and salinity and their effects on the large scale motions of the oce-
an, and discovered geostrophic ocean currents and began their systematic
mapping. It identified 4,700 new species of animals and plants and demon-
strated the character of seabed deposits. It led to the creation of the world’s
first international scientific body, the Scientific Committee for Ocean Re-
search (SCOR), to Murray’s coining of the term “oceanography”, and to the
founding of the research institution of which Iam proud to be President, the
Scottish Association for Marine Science.

Fig. 2. The route of the Challenger Expedition, 1872-1876.
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Uspéch vypravy Challengeru jakozto - slovy Johna Murrayho -
»nejvétsi pokrok v poznani nasi planety od proslulych objevt z patnac-
tého a Sestnactého stoleti“ podnitil dalsi usili o pochopeni oceanti coby
rozhodujiciho ¢initele uréujiciho chovani zemského systému. To vyvr-
cholilo v uplynulém ptilstoleti odhodlanou snahou o vyzkum oceant po-
moci nakladnych a dimyslnych plavidel a iroké fady technologii umoz-
nujicich vzorkovani, monitorovani, geofyzikalni méreni hloubky a pro-
vadéni hlubokomortskych vrtd. Ty nesmirné roz$irily nase znalosti
o pavodu a vyvoji oceanskych panvi, o obéhu morské vody a jeji interak-
ci s atmosférou, o oceanské bioté a s ni souvisejicich biogeochemickych
procesech a o archivu vyvoje Zemé obsazeném v oceanskych usazeni-
nach.

Obr. 3. Joides Resolution, hlubokomofrské vyzkumné plavidlo pouzivané prede-
vsim k ziskdvani vrtnych jader z hlubokomofrskych usazenin, coz je prostifedek
umoznujici odvodit klima v minulosti.

Oceanské panve a deskova tektonika

Teorie kontinentalniho driftu, ktera tvrdi, ze pevniny se vii¢i sobé po povr-
chu zemékoule vzdjemné pohybuji, byla predlozena roku 1912 Alfredem
Wegenerem, kdyz si v8§iml, Ze obrysy vSech kontinentii do sebe zapadaji
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The success of the Challenger expedition as, in the words of John Mur-
ray, “the greatest advance in the knowledge of our planet since the celebra-
ted discoveries of the fifteenth and sixteenth centuries’, inspired further
efforts to understand the oceans as major determinants of the behaviour of
the Earth system. It has culminated over the last half century in determined
attempts to explore the oceans using costly and sophisticated vessels, and
a wide variety of sampling, monitoring, geophysical sounding and deep
ocean drilling technologies. These have immensely increased our unders-
tanding of the origin and evolution of the ocean basins, the circulation of
ocean waters and their interaction with the atmosphere, the ocean biota and
related biogeochemical processes and the archive of Earth evolution con-
tained within ocean sediments.

Fig. 3. The Joides Resolution, a deep ocean research vessel primary used to take
drill cores from deep ocean sediments as a means of deducing past global clima-
tes.

The Ocean Basins and plate tectonics

The theory of continental drift, that continents had moved relative to each
other across the surface of the globe, had been propounded by Alfred We-
gener in 1912 when he observed how the shapes of the continents all tessel-
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jako dilky skladacky, coz je zvlast zretelné vidét na odpovidajicim tvaru
vychodniho pobiezi Jizni Ameriky a zdpadniho pobiezi Afriky. Oceany se-
hraly hlavni roli pti ovéfovani, potvrzeni a dal$im rozvijeni této teorie. Vi-
ne a Matthews' ukazali roku 1963, ze po obou stranach Stfedoatlantského
hibetu se vyskytuji symetrické magnetizacni obrazce (stfidavé bézny
a opacny smér magnetizace), které jsou odrazem znamé historie zmén
zemského magnetického pole. To napovidalo, Ze podél hibetu dochazelo
k vylevu sopecné lavy vytvarejici novou oceanskou kuru, ktera béhem
chladnuti ziskala remanentni magnetizaci rovnobéznou s tehdejsim geo-
magnetickym polem. Na zakladé toho bylo mozné ukazat, Ze nova kira se
vytvorila z magmatu vytékajictho z praskliny podél hebene a ze je vytlaco-
vana od uboci hibetu po obou stranach a bylo mozné urcit datum vzniku
nové kiry, ¢imz se potvrdilo rozpinani motského dna. Roku 1977 vytvorila
Marie Tharp ve spolupraci s Brucem Heezenem na Kolumbijské univerzité
prvni pfesnou mapu morského dna pro celou planetu. Tato mapa méla dra-
maticky ucinek. Jasné ukazala polohu stfedooceanskych hrbett a eruptiv-
nich zlomt podél jejich hiebent, které se shodovaly s oblastmi o vysoké
Cetnosti zemétreseni a vymezovaly okraje hlavnich tektonickych desek
v oceanskych panvich. Nyni bylo mozné dojit k zavéru, ze ke kontinental-
nimu driftu dochézi v disledku rozpinani motského dna, které vyvolava
vzajemny pohyb tektonickych desek.

Obr. 4. Mapa Marie Tharp znazornujici podobu velkych ocednskych panvi a stfedooce-
anskych hrbetd, jez uréuji podmofrské hranice tektonickych desek (tmavé modra barva).
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lated together like the pieces of a jigsaw puzzle, particularly clearly seen in
the matching forms of the east coast of South America and the west coast of
Africa. The oceans played the key role in testing, confirming and develo-
ping the theory. In 1963 Vine and Matthews' showed that symmetric pat-
terns of magnetisation (alternately normal and reversed magnetization di-
rections) occurred on either side of the mid — Atlantic Ridge, reflecting the
known history of change in the Earth’s magnetic field. This indicated that
volcanic lavas erupted along the ridge to create new ocean crust which, in
the process of cooling acquired remanent magnetization that paralleled the
contemporary geomagnetic field. From this it was possible to show that
new crust formed from magmas oozing out from a fracture along the ridge
crest, that new crust push out from both flanks of the ridge and to determi-
ne the date of new crust formation, thereby confirming sea — floor spreading.
In 1977, Marie Tharp, working with Bruce Heezen at Columbia University,
created the first accurate map of the global ocean floor. The map had a dra-
matic effect. It unequivocally showed the locations of mid - ocean ridges,
and the eruptive fractures along their crests, which coincided with areas of
high earthquake frequency, demarcated the margins of the major tectonic
plates in the ocean basins. It was now possible to conclude that continental
drift took place as a consequence of sea floor spreading that produced rela-
tive movements between tectonic plates.

s
g i

Fig. 4. Marie Tharp’s map showing the form of the great ocean basins and the mid
— oceanridgesthat define the oceanic margins (in dark blue) of tectonic plates.
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Odkud pochazi morska voda?
Kdyz geologicky priizkum v devatenactém a dvacatém stoleti odhalil, jak
velké je stafi Zemé, vyvstala samoziejmé otazka ohledné zdroje vody obsa-
zené v oceanech, atmosfére, rekach, jezerech a v podzemi. Mohla se oddélit
od hornin, které tvoii hmotu Zemé, nebo mohla ptijit z vesmiru jako sou-
¢ast opozdéné akre¢ni vrstvicky na vodu bohatych meteoritt ¢i ledovych
komet. Vime ale, Ze meteority maji nadbytek xenonu a ze, pokud by byly
jedinym zdrojem pozemské vody, atmosféra by obsahovala desetkrat vice
xenonu, nez kolik jej obsahuje. Laboratorni pokusy naznacuji, Ze je neprav-
dépodobné, ze by komety obsahovaly vysoké koncentrace xenonu, ale ani
smeésice meteoritické a kometarni vody by nefungovala, protoze by obsaho-
vala mnohem vyssi koncentrace deuteria nez oceany. Studie zirkonovych
krystalti v horninach, které byly datovany do doby pred asi 4 miliardami let,
vsak ukazuji, Ze uz tehdy - zahy po vzniku Zemé - musela existovat tekuta
voda. To vyzaduje pritomnost atmosféry, coz naznacuje, ze voda a dalsi té-
kavé latky se postupné uvolnovaly z pevné Zemé¢, jak se na ni nabalovala
hmota, a Ze tato Zeme¢, jeji oceany a jeji atmosféra se vyvijely spole¢né jako
hustotné rozriznéné téleso, které v poradi od jadra ven sestava z pevného
vnitiniho jadra, tekutého vnéjsiho jadra, prevdzné pevného ale castecné
i tekutého spodniho a svrchniho plasté, zemské kiry, tekutych oceant
a plynné atmosféry Zemé. Dulezita prechodova zéna mezi svrchnim
a spodnim plastém v hloubkach mezi 410 a 660 km pod povrchem obsahu-
je vodnatou fazi nazyvanou ringwoodite (H, MgSiO2(OH)2), coz je zde
nejhojnéji se vyskytujici mineral, v némz je uzavieno obrovské mnozstvi
vody - obsahuje ji tolik, ze to odpovida asi tak jednonasobku az trojnasob-
ku hmoty vody v ocednech. Magmaticka cinnost ve stfedooceanskych
hrbetech na okrajich desek je schopna vynést tyto vodnaté mineraly na po-
vrch a to tak, Ze se pfitom uvoliluje voda, ale subdukéni zony, kde se ocedn-
ské desky podsouvaji pod aktivni kontinentalni okraje, mohou tuto vodu
také znovu pohrbit a uzavrit do tychz minerald.

Vypocty rychlosti cyklu naznacuji, Ze veskery objem modernich ocea-
nd mohl v historii Zemé projit celym koleckem tam a zpatky vice nez tfi-
krat?.
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Where does ocean water come from?
As geological investigations in the nineteenth and twentieth centuries re-
vealed the great age of the Earth, an obvious question arose about the sour-
ces of the water that is contained in the oceans, the atmosphere, rivers, la-
kes and groundwater. It could have separated out from the rocks that make
up the bulk of the earth, or it could arrived from space as part of a late -
accreting veneer of water — rich meteorites or icy comets. But we know that
meteorites carry excess xenon, and that if they were the only source of the
Earth’s water, the atmosphere would contain 10 times more xenon than it
does. Laboratory experiments suggest that comets are unlikely to contain
high concentrations of xenon, but a mixture of meteoritic and cometary
water would not work either, because it would contain a far higher concen-
tration of deuterium than the oceans. However, studies of zircon crystals in
rocks that have been dated at about 4 billion years before present show that
liquid water must have existed at the time, soon after the formation of the
Earth. This requires the presence of an atmosphere, suggesting that water
and other volatiles were progressively released from the solid Earth as it
accreted, and that the Earth, its oceans and its atmosphere evolved together
as a density differentiated body, comprising, from the core outwards, the
solid inner core, the liquid outer core, a mostly solid but partly fluid lower
and upper mantle, the Earth’s crust, its liquid oceans, and its gaseous atmo-
sphere. An important transition zone between the upper and lower mantle,
at depths between 410 and 660 km below the surface, contains, as its most
abundant mineral, a hydrous phase, termed Ringwoodite (H, MgSi-
02(OH)2), in which are locked vast quantities of water, containing between
one and three times the equivalent mass of ocean water. Magmatic activity
at plate - margin mid - ocean ridges has the capacity to bring these hydrous
minerals to the surface in ways that release water, but subduction zones,
where oceanic plates sink beneath active continental margins, can also re -
bury such waters locked in those same minerals.

Calculations of the rate of cycling suggest that the entire volume of the
modern oceans may have been cycled back and forth more than three ti-
mes in Earth history.?
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Cteme motsky zaznam o globalni zméné podnebi

Vétsina oceanského dna je mistem, kde se usazuji mineralni ¢astice splach-
nuté z pevniny morskymi proudy a vétrem a kde se hromadi kostry uhynu-
lych motskych organizmi. Nahromadéné usazeniny predstavuji souvisly
zaznam o udalostech v ocednu od té doby, kdy ve stfedooceanskych hibe-
tech vznikl ten usek tektonické desky, na némz spocivaji. Ukazalo se, ze
izotopové slozeni kysliku v mikroorganizmech z téchto usazenin a sméry
magnetizace v usazeninach jsou zvlast silné nastroje pri lusténi historie
oceanu. Prvni udaj nam prinasi geochemické svédectvi o teploté a slanosti
tehdejsi morské vody, zatimco druhy tdaj odrazi mistni orientaci tehdejsi-
ho zemského magnetického pole, které je znamo za poslednich 155 milio-
nu let, a které 1ze tudiz vyuzit k urceni stari usazenin.

Obr. 5. Pfiklad jadra

z hlubokomorského vrtu. Prudka
zména barvy ve stiedni ¢asti
trubice jadra prozrazuje nahly
zacCatek obdobi extrémni
acidifikace ocean( pred asi 56
miliony let v dasledku vysoké
hladiny CO, v atmosféfe. V
dasledku rozpusténi uhlic¢itant
chybi v tmavé hnédé oblasti
uhli¢itanové fosilie.

Plavidla, jako je to na obrazku 3, odebrala dnes jiz stovky jader o délce
az 1 700 m.* Izotopové slozeni kysliku v mikroorganizmech (dirkonoscich
- viz obr. 12b) odebranych z téchto jader muze slouzit jako nepfimy doklad
o slanosti oceanu, ktery lze sledovat v pribéhu ¢asu na zakladé znamé his-
torie zmén normdlni a obracené polarity magnetizace (obr. 6). Oscilace
80 jsou odrazem zmén slanosti, jiz se nejsnaze dosdhne odebranim sladké
vody z oceanti odparovanim, coz slanost zvysi, nebo dekantaci sladké vody
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Reading the ocean record of global climate change

Much of the ocean floor is a settling place for mineral particles swept off the
continents by marine currents and wind, and for accumulations of the skele-
tons of dead marine organisms. The accumulated sediment represents a con-
tinuous record of ocean events since the section of tectonic plate on which it
restswas formedatmid - oceanridges. The O - isotope composition of micro
- organisms in these sediments and the magnetization directions in the sedi-
ments have proved particularly powerful tools in deciphering ocean history.
The former provides geochemical evidence of the temperature and salinity
of the contemporary ocean waters whilst the latter reflects the contemporary
local orientation of the Earth’s magnetic field, which is known for the last
155 million years, and which can therefore be used to date the sediments.

Fig. 5. Example of a deep ocean
core. The abrupt change in
colour in the central core tube
marks the abrupt beginning of
a period of extreme acidification
of the oceans, some 56 million
years ago, due to high levels of
CO, in the atmosphere. The
dark brown area lacks
carbonate fossils, because of
dissolution of carbonate.

Hundreds of cores, up to 1,700m in length, have now been taken by ves-
sels such as that shown in figure 3.> The oxygen isotope composition of micro
- organisms (Foraminifers — see Fig. 12b) sampled from these cores can pro-
vide a proxy record of ocean salinity, which can be followed through time
from the known history of changes in normal and reversed polarity of mag-
netization (Fig. 6). O — 18 oscillations reflect changes in salinity, which are
most readily achieved by removal of fresh water from the oceans by evapora-
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do oceant, coz slanost snizi. Abychom dosahli zmén v rozsahu, ktery je
znazornén v obr. 6 nahote, vyzadovalo by to odparovani a dekantaci radové
50 miliont krychlovych km sladké vody, coz shodou okolnosti odpovida
vypocitanému objemu rozsahlych vrstev ledu, které se - jak prokazal geo-
logicky priizkum - ¢as od ¢asu vyskytovaly v severnich ¢astech eurasijské
a severoamerické pevniny. Oscilujici kiivka na tomto obrazku tudiz zachy-
cuje ménici se objem ledovct na Zemi v pribéhu uplynulych 3 miliont let.
Od toho se odviji nékolik dtlezitych zavéra: primeérné mnozstvi pevnin-
ského ledu na Zemi se béhem uplynulych 3 miliont let postupné zvysovalo
a objem ledu béhem tohoto obdobi kolisal mezi dobami ledovymi s vyso-
kym objemem a interglacidlnimi obdobimi mezi nimi. Do doby pred asi
750 000 lety byla prevladajici vinova délka cyklu glacidlnich a interglacial-
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tion to increase salinity, or decantation of fresh water into the oceans to de-
crease salinity. To achieve changes of the magnitude shown at the top of Fig.
6 would require evaporation and decantation of the order of 50 million cubic
km of fresh water, which happens to match the calculated volumes of the
great ice sheets which geological research had shown to have existed from
time to time on the northern parts of the Eurasian and North American
continents. The oscillating curve in this figure therefore shows the changing
volume of glacier ice on Earth during the last 3 million years. Several impor-
tant conclusions flow from this: the average amount of land ice on Earth has
progressively increased over the last 3 million years; the ice volume has oscil-
lated through that period between glacial periods of high volume and inter-
vening interglacial periods; prior to about 750,000 years ago, the dominant
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nich obdobi okolo 40 000 let. Po tomto okamziku se prevladajici vlnova
délka prodlouzila na asi 100 000 let a amplituda glacialnich a interglacial-
nich vykyvli vyrazné vzrostla. Posledni velkd glacidlni epizoda skoncila
pred asi 10 000 lety.

Roku 1864 prisel skotsky geolog James Croll s myslenkou, Ze by tyto
vyznamné klimatické zmény v nedavné historii Zemé mohly byt zptisobo-
vany odchylkami v mnozstvi slune¢niho zareni, které dopada na Zemi, a to
v disledku zmén zemské drahy kolem Slunce®.

Roku 1941 predlozil srbsky astrofyzik Milutin Milankovi¢ matematic-
ké rozsifeni Crollovy teorie a vypocital periodu tfi hlavnich geometrickych
zmén probihajicich u zemské obézné drahy kolem Slunce’. Spocital, Ze bo-
dy rovnodennosti se posunuji s periodou okolo 20 000 let, ze cyklus zmén
sklonu zemské osy je kolem 40 000 let a Ze cyklus zmén vystfednosti zem-
ské obézné dréhy je kolem 100 000 let. Roku 1976 provedli Hays, Imbrie,
Shackleton a kol. rozbor ¢asového spektra ocedanskych tudaji o klimatic-
kych zménach na Zemi na zakladé podobnych udaji jako na obrazku 6
a ukazali, Ze spektralni maxima jsou v pozoruhodné shodé s Milankovico-
vymi odchylkami obézné drahy, takze dosli k jasnému zavéru, ze zmény
zemské drahy urcuji tempo dob ledovych®.

Ackoli tedy dosud probiha hodné diskuzi o pomérné kratkodobych
klimatickych zménach v soucasnosti a nedavné minulosti, neni moc po-
chyb o tom, Ze motorem dlouhodobéjsich, tisiciletych zmén podnebi jsou
predevsim zmény obézné drahy. Velkou otazkou je, zda vliv ¢lovéka na kli-
maticky systém mize byt jiz tak velky, Ze by potencidlné mohl zemsky sys-
tém vychylit z jeho prirozené drahy, takze by klimaticka budoucnost Zemé
byla velmi odli$nd od jeji bezprosttedni minulosti.

Dal$im zdsadnim zji$ténim odvozenym z hlubokomotskych vrti bylo
to, jak mladé je mofské dno v porovnani s geologickou historii Zemé, coz je
zavér, ktery je ve shodé s teorii deskové tektoniky a rozpinani motského
dna. Ukazalo se, Ze nejhlubsi usazeniny z moiského dna lezici na vulkanic-
kém podlozi, které vzniklo ve sttedooceanskych hrbetech, nejsou starsi nez
200 miliont let, coz je tfeba porovnat se stafim Zemé - se 4,5 miliardami
let.
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wavelength of glacial/interglacial cycles was about 40,000 years; after 750,000
years ago, the dominant wavelength increased to about 100,000 years, and
the amplitude of the glacial/interglacial swings increased significantly; and
the last major glacial episode ended about 10,000 years ago.

In 1864, James Croll, the Scottish geologist proposed that these major
climatic changes in the recent history of the Earth were caused by variations
in solar radiation reaching the Earth as a consequence of changes in the
Earth’s orbit around the sun.*

In 1941, Milutin Milankovich, a Serbian astrophysicist presented a ma-
thematical development of Croll’s theory in which he calculated the period
of the three major geometrical changes through time of the Earth’s orbit
round the sun.® He calculated that precession of the equinoxes has a period
of about 20,000 years, that the cycle of change in the obliquity of the Earth’s
axis is about 40,000 years and that the cycle of change in eccentricity of the
Earth’s orbit is about 100,000 years. In 1976, Hays, Imbrie and Shackleton
et al analysed the time spectrum of the oceanic record of climate change on
Earth from records similar to that in figure 6, and showed that the spectral
peaks had a remarkable correspondence with Milankovitch’s orbital varia-
tions, drawing the strong conclusion that Earth’s orbital changes were the
pacemakers of the ice ages.®

Thus, although there remains much debate about the relatively short -
term climatic changes of the present and recent past, there is little doubt that
longer term, millennial changes of climate are primarily driven by orbital
changes. The large question is whether the human impact on the climate
system may already be so great that it has the potential to drive the Earth
system away from its natural trajectory, such that the Earth’s climatic future
could be very different from that of its immediate past.

A further fundamental discovery derived from deep ocean drilling was
how youthful the ocean floor is in comparison to Earth’s geologic history,
a conclusion consistent with the plate tectonic/sea floor spreading theory,
The lowest ocean floor sediments lying on volcanic basement that origina-
ted at mid — ocean ridges, have proved to be no older than 200 million years,
which compares with the 4.5 billion - year age of the Earth.
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Oceany jako soucast zemského tepelného stroje

Veskera energie disipovana i vyuzivana na Zemi je bez vyjimky jaderného
puvodu. Zemské jadro je $tépny jaderny reaktor a energie z néj pohani po-
malé zmény Zemé: pohyby desek, vznik horstev a vyvoj oceanskych panvi.
Slunce je fizni jaderny reaktor a energie z néj pohani pomérné rychlé zme-
ny oceanu, atmosféry a biosféry. Ocean hraje zasadni roli pfi pferozdélova-
ni prostorové nestejného solarniho ohfevu zemského povrchu. Rovnikova
zéna kazdorocné zachyti tok solarni energie, ktery je asi desetkrat vétsi nez
v polarnich zénach nad 80° severni a jizni $itky. Podobné mnozstvi tohoto
tepla musi byt opét vyzareno do vesmiru, ma-li si Zemé udrzet stalou povr-
chovou teplotu, rozlozeni zareni odchazejictho do vesmiru ale neodrazi
rozlozeni zafeni dopadajiciho.

Jak je ukdzano na obrazku 7, pohlcuje Zemé v rovnikové oblasti vic
tepelné energie, nez kolik ji znovu vyzati do vesmiru, a tak dochazi ke vzni-
ku ,,prebytku” tepla. V polarnich oblastech Zemé vyzaii zpét do vesmiru
vic tepelné energie, nez kolik ji vznika diky slune¢nimu zareni, a tak vznika
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Obr. 7. Tepelny stroj tvoreny zemskym povrchem. Dopadajici (modfe) a odchazejici
zéreni (Cervené) na prirezu Zemi od pdlu k pdlu. Takto vznikd prebytek tepla v tro-
pech a deficit tepla v polarnich oblastech. Tento tepelny gradient mezi tropy a pdly je
hnaci silou systém( pocasi v atmosfére i oceanech, které prenaseji teplo k polim.
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The Oceans as part of the Earth’s Heat Engine
All the energy dissipated and used on the Earth, without exception, has
a nuclear source. The Earth’s core is a nuclear fission reactor, the energy
from which drives the slow changes in the Earth: plate movements, moun-
tain building and ocean basin evolution. The Sun is a nuclear fusion reactor,
the energy from which drives the relatively rapid changes in the ocean,
atmosphere and the biosphere. The ocean plays a fundamental role in re -
distributing the spatially varying solar heating of the Earth’s surface. The
equatorial zone annually receives a flux of solar energy that is about 10 ti-
mes greater than in the polar zones at 80° north or south. A similar quanti-
ty of this heat must be radiated back into space if the earth is to maintain
a constant surface temperate, but the pattern of radiation to space does not
mirror the pattern of incoming radiation.

As shown in figure 7, the Earth absorbs more heat energy in the equato-
rial region than is re--radiated to space, creating a “surplus” of heat. In the po-
lar regions, the Earth re — radiates into space more heat energy than is crea-
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Fig. 7. The Earth’s surface heat engine. Incident radiation in a pole-to-pole transect of
the Earth (blue) and outgoing radiation (red). This produces a heat surplus in the
tropics and a heat deficit in polar regions. This heat gradient between tropics and
poles is the driver of the atmospheric and ocean weather systems that transport
heat polewards.
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tepelny ,,deficit“ Tuto nerovnovahu napravuje advekce tepla jak v atmosfé-
fe, tak v oceanech prostfednictvim vzduchu a morské vody pohybujicimi se
smérem k polim. V malych zemépisnych sitkach prevlada v polarnim toku
presun tepla v oceanech, ale ve stfednich az velkych zemépisnych sirkach
prevlada presun v atmosfére’. K transportu tepla v atmosféte dochazi do
zna¢né miry v ,cyklonach® tvorenych vétrem, ktery se ve spirale staci ko-
lem pomérné klidného stfredu. Nejvyznamnéjsi hybna sila vyvolavajici
transport tepla k poltim se objevuje v tropickych zénach, kde se vzduch nad
lokalné horkymi oblastmi mofte rozpina, vodni para, jiz obsahuje, konden-
zuje za vzniku mrakd, a tak uvolnuje energii. Pohyb vétru do stfedu cyklo-
ny, kde je nizky tlak, odklani Coriolisova sila vyvolana zemskou rotaci, tak-
ze cyklony se na severni polokouli otaceji proti sméru hodinovych rucic¢ek
a na jihu opacné. Z cyklén vznikaji mohutné a silné boufte, které v zimé
roku 2015 bicovaly atlantské pobrezi Evropy a pronikly hluboko do Arkti-
dy, a které jsou pro atmosféru zakladnim nastrojem prenosu tepla k péltim.

GFDL CM 2.6 Ocean Simulation ?\

Sea Surface Temperature \7
>

Obr. 8. Povrchova teplota vody v severozapadnim Atlantiku, kde jsou vidét mezosko-
pické viry, které pohanéji Golfsky proud a z nichz vznikaji boure, jez ptinaseji teplo
a vlhkost do severozapadni Evropy, diky cemutz je jeji severni pobiezi bez ledu.

Podobné otacejici se systémy vznikaji i v oceanu. Mnohé z nich se tvo-
fi vlivem atmosférickych systému cyklon o nizkém tlaku a rotuji ptisobe-
nim Coriolisovy sily v podobé putujicich ,,mezoskopickych virti“ o primé-
ru mezi 50 a 300 km. Pravé ty jsou ,,po¢asim® oceantl. Jsou vSudypritomné
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ted by solar radiation, creating a heat “deficit” This imbalance is corrected by
the advection of heat in both the atmosphere and the oceans by poleward -
moving ocean water and air. In the low latitudes, ocean transport dominates
the poleward flux, but in middle to high latitudes, atmospheric transport
dominates.” Much of the atmospheric transport occurs in “cyclones” of spi-
raling winds that rotate around a relatively quiescent core. The most power-
ful agents of poleward heat transport form in tropical zones, where air over
locally hot areas of the sea expands, the water vapour it contains condenses
to form clouds and thereby to release energy. The movement of wind to-
wards the low pressure cyclone centre is deflected by Coriolis force, due to
the Earth’s rotation, so that cyclones rotate in a counterclockwise direction
in the northern hemisphere and a clockwise one in the south. They form the
powerful, energetic storms that have buffeted the Atlantic shore of Europe
and penetrated deep into the Arctic in the winter of 2015, and are the prin-
ciple means whereby the atmosphere transports heat polewards.

GFDL CM 2.6 Ocean Simulation ?\

Sea Surface Temperature \7
L N
&1

Fig. 8. Surface water temperatures in the north — west Atlantic, showing the meso
— scale eddiesthat power the Gulf Stream, from which the storms are generated that
bring heat and moisture to north — west Europe and keep its northerly coasts ice
free.

Similar rotating systems form in the ocean, many of which are created
by the influence of low pressure, cyclonic systems in the atmosphere, and
which rotate, under the influence of the Coriolis force, as travelling “meso
- scale eddies” between 50 and 300km in diameter. Theyare the “weather” of
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a jsou zakladnim prostfedkem prenosu tepla, soli a uhliku v ramci svétové-
ho ocednu. V Atlantském ocednu (obr. 8) je teplo, které prenaseji, zdrojem
mnoha z atmosférickych boufi hnanych do severozapadni Evropy.

Dnes vime, Ze ,tepelny stroj na zemském povrchu bézel v nedavném
obdobi geologické historie riznymi rychlostmi. Studium chemie koster
moftskych mikroorganizmt umoziuje paleontologiim a geochemikiim od-
vodit teplotu motské vody, v niz Zily. Kostry prislu$niki mikrofauny, kteti
zili v rznych hloubkach ve vodnim sloupci, po jejich odumfeni klesnou na
moiské dno, aby se staly soucasti hromadicich se usazenin. Vrtna jadra
odebrana z téchto usazenin Ize datovat a geochemicky rozbor mikrofauny
nam umoznuje odvodit teplotu moiské vody pro konkrétni hloubky a ¢aso-
va obdobi. Takovéto rozbory ukazuji, ze rozdil teplot oceanu mezi rovni-
kem a severnim pélem v atlantském a tichomorském sektoru byl pred dva-
ceti miliony let 9-13°C, ale v uplynulych 3 milionech let vzrostl na 18-22°C.®
K tomu doslo predevsim v diisledku ochlazeni ve velkych zemépisnych §ii-
kach, které béhem tohoto obdobi postupné zesilovalo, coz nakonec v ne-
davné minulosti vedlo k dobam ledovym (viz obr. 6).

Globalni cirkulace oceani

Od dob vypravy Challengeru jsou monitorovani rozlozeni teploty, slanosti
a stale vice i biot a mnoha dal$ich biogeochemickych vlastnosti oceanu sté-
zejnim bodem nauky o ocednu. Doslo k velikému rozsifeni poctu i spektra
moftskych c¢idel pouzivanych na vesmirnych druzicich, ocednografickych
plavidlech a stéle vice i v autonomnich zatizenich. Jeden ptiklad z této po-
sledni skupiny je zachycen na obrazku 9. Jde o ,,mofsky kluzak® - samo-
hybné zatizeni s bateriemi o vydrzi okolo jednoho roku. Pohybuje se ocea-
nem rychlosti chiize a ma nastavitelny vztlak, coz mu umoziuje zacit klesat
na motské dno. Na zadané urovni tlaku kluzak nastavi kladny vztlak a stou-
pa k hladiné. Béhem tohoto cyklu sbira s predepsanou frekvenci data o tep-
loté, slanosti, proudech a dalsich charakteristikdch oceanu a az se vynofi,
odesle je na zdkladnu. Na obrazku 10 je slanostni profil v severovychodnim
Atlantiku zaznamenany kluzakem, ktery se pfi cesté na Island pohyboval
pres zapadni kontinentalni Self Skotska.
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the oceans. They are ubiquitous and are the principle means by which heat,
salt and carbon are transported round the global ocean. In the Atlantic
Ocean (Fig. 8) the heat thatthey transportisthe source of many of the atmo-
spheric storms drive into north — western Europe.

We now know that the Earth’s surface “heat engine” has run at different
speeds through the recent period of geological history. Study of the chemis-
try of the skeletons of marine micro — organisms permits palacontologists
and geochemists to deduce the temperature of the ocean waters in which
they live. The skeletons of microfaunal species that lived at different depths
in the water column sink, on death, to the ocean floor to become part of its
accumulating sediment. Cores taken from these sediments can be dated
and geochemical analysis of the microfaunas permit us to deduce the tem-
perature of ocean water for specific water depths and time periods. Such
analyses show that the oceanic temperature difference between the equator
and the North Pole in the Atlantic and Pacific sectors was 9 — 13°C twenty
million years ago, but has increased to 18 — 22°C in the last 3 million years.?
This has occurred largely as a consequence of cooling in high latitudes,
which progressively intensified during the period, leading eventually to the
ice ages of the recent past (see Fig. 6).

The Global Circulation of the Oceans

Since the time of the Challenger expedition, monitoring the distribution of
temperature, salinity and, increasingly, the biota and many other biogeo-
chemical attributes of the ocean have been at the core of ocean science.
There has been a great expansion in the number and variety of ocean sen-
sors used in satellites in space, in oceanographic vessels and increasingly in
autonomous devices. An example of the latter is shown in figure 9. It is an
“ocean glider”, a self — propelled device with a battery life of about one year.
It moves through the ocean at walking speed, and has adjustable buoyancy
which permits it to sink towards the ocean floor. Ata given pressure level, it
becomes positively buoyant and rises to the ocean surface. During this cyc-
ling it collects data on temperature, salinity, currents and other ocean cha-
racteristics at a prescribed rate, and transmits the data to its base when it
reaches the surface. Figure 10 shows a salinity cross — section of salinity in
the north east Atlantic created from a glider that travelled across the western
continental shelf of Scotland en route to Iceland.
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Obr. 10. Slanostni profil od skotského kontinentalniho Selfu (napravo), pres kontinen-
taIni svah az do hlubokého severovychodniho Atlantiku. K¥ivky zobrazuji drahu kluza-
ku. Mélka vrstva teplé vody o nizké slanosti, ktera pochdazi z jihu, lezi na studené, velmi
slané vodé pochazejici ze severu.

Takovato data umoznila oceanografim zmapovat rozlozeni teploty,
slanosti a dalsich vlastnosti celého globalniho oceanu. Jednim z nejobsaz-
néjsich a nejprekvapivéjsich vysledki této prace bylo globalni schéma oce-
anské cirkulace, jakéhosi tepelného pasového dopravniku (obr. 11). Struk-
tura této cirkulace je odrazem nestability, ktera plyne z vlivu teploty a sla-
nosti na hustotu. Zacneme-li v severni ¢asti rovnikového Atlantiku,
povrchova voda se zde silné zahfiva, coz vede k odparovani, které zvysuje
koncentraci soli v podpovrchové vodé. Jak tato voda teCe na sever v ramci
procesu disipace tepla v oceanu, ochlazuje se, a tim roste jeji hustota, takze
tato slanéjsi voda v polarnich oblastech klesa do hloubi oceanu. Protoze
pritok povrchové vody do Arktidy musi byt vyvazen odtokem vody na jih
ve vétsi hloubce, otoci se klesajici slana voda tropického ptivodu (vétsi
hloubky na obrazku 10) a za¢ne téct smérem na jih. Tato studend voda po-
tom obiha ve vétsi hloubce tak, jak je znazornéno na obrazku 11: tece
Atlantskym oceanem na jih az do Jizniho, Indického a Tichého ocednu, kde
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Fig. 10. A salinity section of from the continental shelf of Scotland (right side),
down the continental slope and into the deep NE Atlantic.

The lines show the glider track. Shallow, warm, low salinity waters
derived from the south overlie cold, highly saline waters derived from
the north.

Data such as this has permitted oceanographers to map the distributi-
on of temperature, salinity and other properties through the global ocean.
One of the most revealing and counter - intuitive results of this enterprise
has been to show the global pattern of ocean circulation, a sort of thermal
conveyor belt (Fig. 11). The circulation pattern reflects an instability that
derives from the density effects of temperature and salinity. If we start in the
northern tropical Atlantic, surface waters are warmed strongly producing
evaporation, which increases salt concentrates in near surface waters. As
these waters flow north as part of the heat dissipation process in the ocean,
they cool, thereby increasing in density so that these more saline waters
sink to the ocean depths in the polar regions. Because the flow of surface
water into the Arctic must be balanced by an outward, southerly flow at
greater depths, the tropically — derived, sinking saline waters (the deeper
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Obr. 11. Transportni pds ocednskych proudl. Mélké, teplé proudy jsou vyznaceny Cer-
vené a hluboké, studené proudy modre.

ve vodé z velkych hloubek dochazi k vystupnému proudéni. Toto proudéni
probiha ¢astecné kviili miseni studené vody v hloubce a teplejsi vody lezici
nad ni, coz snizuje hustotni kontrast, a ¢aste¢né proto, ze tlak vétru ptsobi-
ci na povrchovou vodu tahne vodu z hloubky vzhtru, dokud neni unasena
povrchovym proudénim vody. Doba priichodu celym okruhem transport-

nich past je okolo 1000 let.

Mofiska biosféra

Biologie oceani je nezbytnou slozkou megasystému geosféra-hydrosféra-
atmosféra-biosféra, ktery zajistuje schopnost planety Zemé udrzovat zivot.
Globalni biosféra zahrnujici veskery zivot na Zemi predstavuje zakladni
prirodni kapital, jenz prinasi kazdoro¢ni dividendu prostfednictvim biolo-
gickych rozmnozovacich procest pravé tak, jako sporici ucet prinasi divi-
dendu z ptislusného kapitalu. Tato kazdoro¢ni dividenda je odrazem pro-
duktivity zdkladniho kapitalu. Globalni biomasa se odhaduje na 35-55x10"
tun ¢isté hmotnosti, z nichz vétsina je v suchozemskych oblastech a pouze
okolo 1 % je v oceanech. Jejich kazdoro¢ni zdkladni produktivita je viak
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Fig. 11. The Ocean current conveyor belt. Shallow, warm currentsarein red, deep,
cold currents in blue.

waters in figure 10) reverse their direction and flow towards the south. This
cold, deeper water then circulates as shown in figure 11, southwards throu-
gh the Atlantic Ocean, into the Southern, Indian and Pacific Oceans, where
upwelling of deep waters takes place. This upwelling occurs partly because
of mixing between deep cold water and warmer overlying water, which re-
duces the density contrast, and partly because wind stress on surface waters
draws up deep water until it is entrained into surface water currents. The
transit time through the whole conveyor belt circuit is about 1000 years.

The Ocean Biosphere

The biology of the oceans is a vital component of the geosphere — hydrosphere
- atmosphere - biosphere mega — system that maintains Planet Earth’s capa-
city to sustain life. The global biosphere, comprising all life on Earth, repre-
sents a stock of natural capital which yields an annual dividend through
biological generative processes, just as a savings account yields a dividend
on its capital. The annual dividend reflects the productivity of the capital
stock. The global biomass is estimated as 35-55x10"" tonnes in dry weight of
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velmi odli$nd, pricemz jak morskd, tak suchozemska biosféra produkuje
kolem 50 miliard tun’.

Odrazem této produktivity je velka rozmanitost druht, od velkych
mofskych savci, jako jsou velryby, lachtani, delfini, mrozi a ledni medvé-
di, kteti si vymeénuji kyslik a oxid uhlic¢ity pfimo se vzduchem, ptes ryby;,
které si vyménuji kyslik a oxid uhlic¢ity pfimo s mofskou vodou prostied-
nictvim zaber, aZ po drobny plankton, viry a baktérie (kazdy dousek moi-
ské vody pravdépodobné obsahuje okolo 300 miliont virt, 30 miliont
bakterii a 30 000 mikrofas a prvoki). Hlubinné vody, jez stoupaji podél
pobrezniho rozhrani, pfinaseji mineralni ziviny do povrchovych vod, kte-
ré zivi velmi bohaté biotické populace véetné komercnich rybarskych ob-
lasti.

Kultovnimi motskymi druhy jsou velci fotogenicti savci a ryby, které
jsou dulezitou slozkou lidského jidelni¢ku, ale co se tyce planetarniho vy-
znamu, to, co je opravdu diilezité, je malé — plankton a dal$i mikroorganiz-
my. V zakladu mofské potravni sité stoji fytoplankton, vegetace oceanu.
Ten zije ve fotické zoné oceanu, v hloubce, kam pronika svétlo, a roste diky
fotosyntéze stejné jako pevninské rostliny — vyuziva energii svétla k pre-
meéné oxidu uhli¢itého a vody na uhlohydraty. Z néj zije zooplankton, kte-
ry se jim zivi, a spolecné poskytuji potravu dal$im zZivocichiim stojicim

Obr. 12. Plankton — priimér ptiblizné jeden milimetr.
a) Fytoplankton: rozsivky rodu Asterionella.
b) Zooplankton: dirkonosec rodu Melonis.
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which most is on the land areas and only about 1% in the oceans. However,
their annual, primary productivity is very different, with both the ocean
and land biospheres producing about 50 billion tonnes each.’

This productivity is expressed in a great diversity of species, from large
marine mammals such whales, seals, dolphins, walruses and polar bears
that exchange oxygen and carbon dioxide directly with the air; to fishes that
exchange oxygen and carbon dioxide directly with seawater through their
gills; to tiny plankton, viruses and bacteria (each mouthful of sea water is
likely to contain about 300 million viruses, 30 million bacteria and 30,000
microalgae and protozoans). Deep waters that well up along coastal mar-
gins bring mineral nutrients into surface waters which sustain very rich
biotic populations including commercial fisheries.

The ocean’s iconic species are the large, photogenic mammals and the
fishes that are important components of the human diet, but in terms of the-
ir planetary significance, it is the small things, plankton and other micro -
organisms that really matter. At the base of the ocean food web are the phyto-
plankton, the ocean’s vegetation. They live in the photic zone of the ocean, the
depth to which light penetrates, and grow as a result of photosynthesis, as do
land plants, using the energy of light to convert carbon dioxide and water
into carbohydrates. They sustain zooplankton which feed on them, and toge-

Fig. 12. Plankton —approximately a millimetre in diameter.
a) A phytoplankton genus of Diatom: Asterionella.
b) A zooplankton genus of Foraminifer: Melonus.
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vySe v potravni siti, véetné dravych savct na jejim vrcholu. Vyrabi dvé tre-
tiny kysliku na svété. Pomaha usmérnovat teplotu planety prostfednictvim
sklenikovych plynd, jako je oxid uhlicity, metan a oxid dusny, jejichz kon-
centrace v ovzdusi ovliviiuje. Slouceniny siry vznikajici v oceanech tvori
c¢astecky, na nichz se formuji kapky v mracich, a jako takové spoluuréuji
planetarni obla¢nost - coz je zasadni faktor urcujici podnebi na zemském
povrchu - a také se ucastni pfenosu 50 miliont tun siry za rok zpét na
pevninu. Tato sira se spolecné se slouceninami dusiku vznikajicimi v oce-
anech ucastni regulace pH nasi atmosféry, a zajistuje tak, ze destova voda
je neutralni.

Ocean a zména klimatu

Ocean je zakladni soucasti zemského klimatického systému. Na velmi
dlouhé ¢asové skéle vyraznych tektonickych zmén (fadu milionii let) se po-
zice kontinentdlnich desek, polohy pdsti hor a geometrie oceanskych panvi
mohou ménit. Tyto zmény geometrie zemského povrchu mohou zvysit ¢i
snizit u¢innost prenosu tepla od rovniku k pélim prostrednictvim oceanu
a atmosféry, coz ma za nasledek zmenseni, respektive zvétSeni teplotnich
gradientl a naslednou zménu globalniho rozlozeni teploty. Ekologické du-
sledky takovychto zmén mohou byt extrémni. Fosilni rostliny, které se za-
chovaly v horninach o stafi mezi 70 a 40 miliony let pochazejicich jak
z Arktidy, tak Antarktidy, ukazuji, Ze polarni tzemi bylo kdysi pokryto buj-
nymi zelenymi lesy, jimz se dafilo v teplém, vlhkém podnebi, a to dokonce
i kdyz se nachazely pobliz pola ba i za dlouhé noci béhem polarni zimy.
Nésledujici tendence k ochlazovani, ktera vedla k nastupu nedavnych dob
ledovych (obr. 6), ¢aste¢né odrazi klimaticky dopad preusporadani pevné-
ho povrchu Zemé v dtisledku globalnich tektonickych zmén a poklesu kon-
centrace CO, v atmosfére.

Na kratsich ¢asovych skalach (fadové 1 000 let) znamena velka tepelna
setrvacnost ocednt, jejichz hmotnost je asi dvéstépadesatkrat vétsi nez
hmotnost atmosféry, Ze oceany se jen velmi pomalu prizptsobuji zménam
teploty ovzdusi. To ma za nasledek, ze dokonce i kdyby se oteplovani atmo-
sféry, k némuz doslo béhem uplynulych 40 let, okamzité zastavilo, oceany
by se i nadale nékolik set let zahtivaly. Dalsim disledkem je to, Ze ocean
také pohltil vice nez 90 % nadbytecného tepla zachyceného kvtili nardstu
emisi sklenikovych plynti. Oceany maji ohromnou schopnost odebirat tep-
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ther provide food for other animals higher up the food web, including the
predatory mammals at its summit. They produce two thirds of the world’s
oxygen. They help to control the temperature of the planet through the green-
house gases such as carbon dioxide, methane and nitrous oxide, whose atmo-
spheric concentrations they influence. Sulphur compounds produced in the
oceans, form the particles on which cloud droplets form and as such, both
help determine planetary cloudiness, a fundamental determinant of surface
climate, and also help transport 50 million tonnes of sulphur every year back
to land. This sulphur along with nitrogen compounds produced in the oceans
help control the pH of our atmosphere ensuring that rainwater is neutral.

The Ocean and climate change

The ocean is a fundamental part of the Earth’s climate system. On the very
long timescales of significant tectonic change (order 1 million years), the
positions of continental plates, the locations of mountain chains and the
geometry of ocean basins can change. These changes in global surface geo-
metry can increase or decrease the efficiency of oceanic and atmospheric
poleward transport of equatorial heat, resulting in decreased or increased
thermal gradients respectively, and consequent change in the global tem-
perature distribution. The environmental consequences of such changes
can be extreme. Fossil plants preserved in rocks between 70 and 40 million
years old from both the Arctic and Antarctic show that the polar lands were
once covered in lush green forests that flourished in warm humid climates,
even though they were situated close to the poles, and even in the long polar
winter night.'” The subsequent cooling trend that led to the onset of the
recent ice ages (Fig. 6) in part reflects climatic impact of the reconfigurati-
on of the solid earth surface as a consequence of global tectonic change and
reductions in atmospheric CO2 concentrations.

On shorter timescales (order 1,000 years), the great thermal inertia of
the oceans, which has a mass about 250 times greater than that of the atmo-
sphere, means that it adjusts very slowly to changes in atmospheric tempe-
rature. A consequence of this is that even if the warming of the atmosphere
that has occurred over the last 40 years were to stop immediately, the oceans
would continue to warm for several hundred years. A further consequence
is that the ocean has also absorbed over 90% of the excess heat trapped by
the increase in greenhouse gas emissions. The oceans have a huge capacity
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lo z atmosféry a zda se, Ze hraji stale vétsi roli pti vstfebavani a ukladani
oxidu uhli¢itého vypousténého ¢im dal vice v dusledku lidské ¢innosti.

Ocean také podléhd kratkodobym fluktuacim (roky az par desetileti),
jako je jizni oscilace El Nifo, Pacificka dlouhodoba oscilace, Arkticka osci-
lace a Severoatlantska oscilace, které jsou vSechny odrazem nestabilit mot-
ského termohalinniho systému (teplo-stl). Jde o volné oscilace systému
ocean-atmosféra a o zasadni prispévek ke kratkodobé proménlivosti pod-
nebi.

Lidsky vliv na oceany

Biologicky, chemicky a fyzikalni vliv lidské ¢innosti na ocedn zacal byt na-
tolik zasadni, ze vyzaduje jak peclivé védecké monitorovani a rozbor, tak
pozornost a akci politika.

Biologicky vliv

Moftska biodiverzita a biomasa se v minulych desetiletich snizily. Populace
mofskych obratlovci poklesla mezi roky 1970 a 2012 o0 49 %. V témze
obdobi klesly populace druhti ryb vyuzivanych lidmi o polovinu; jeden ze
¢tyt druhti Zraloki, pravych rejnoki i rejnokovitych je dnes ohrozen vyhy-
nutim predevsim v disledku nadmérného rybolovu; tropické koralové tte-
sy ztratily béhem uplynulych 30 let vice nez polovinu svych korali. Mezi
roky 1980 a 2005 jsme prisli po celém svété o téméf 20 procent mangrovni-
kového porostu. 29 % moiskych rybolovnych oblasti je nadmérné vylovo-
vano'!. Lidska ¢innost v rozmezi jediné generace vazné poskodila ocean
tim, Ze chyta ryby rychleji, nez se dokdzi rozmnozovat, a souc¢asné také nic¢i
mista, kde se rozmnozuji. Bojujeme o to, abychom nalovili ryby, které by
mohly skoncovat s tim, Ze lidé postradaji zivotné dulezity zdroj potravy
a zasadni ekonomicky bonus. Nadmeérny rybolov, ni¢eni mofského pro-
stfedi a zména podnebi maji pro celou lidskou populaci strasné nasledky,
pricemz ty nejchudsi komunity, které jsou zavislé na mofi, jsou zasazeny
nejrychleji a nejtvrdéji. Cast poklesu ptirozené zasoby ryb viak byla nahra-
zena roz$ifovanim rybich farem, které se pysni tim, Ze dodavaji 40 % ryb
konzumovanych c¢lovékem. Vezmeme-li v tvahu roli oceanské biosféry
v regulaci podnebi a globdlni geochemii a také jakozto zdroj potravy pro
¢lovéka, mohlo by mit zhrouceni moiskych ekosystému vazné hospodarské
dasledky.
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to sequestre heat from the atmosphere and appear to be playing an increa-
singly large uptake and storage role for the carbon dioxide increasingly
emitted by human activity.

The ocean is also subject to Short - term fluctuations (years to a few
decades) such as in the El Nifno Southern oscillation, the Pacific decadal
oscillation, the Arctic oscillation and the North Atlantic oscillation, all of
which reflect instabilities in the ocean’s thermo - haline (heat - salt) system.
They are unforced oscillations of the ocean/atmosphere system and major
contributorsto theshort — termvariability of climate.

The Human Impact on the Oceans

The biological, chemical and physical impacts on the ocean from human
activity have become so profound that they demand both careful scientific
monitoring and analysis, and political awareness and action.

Biological

Marine biodiversity and biomass have been dramatically reduced in re-
cent decades. Marine vertebrate populations declined by 49% between
1970 and 2012. In the same period, populations of fish species utilized by
humans fell by a half; one in four species of sharks, rays and skates are
now threatened with extinction, due primarily to overfishing; tropical re-
efs have lost more than half their reef - building corals over the last 30 ye-
ars. Worldwide, nearly 20 per cent of mangrove cover was lost between
1980 and 2005. 29% of marine fisheries are overfished.! In the space of
a single generation, human activity has severely damaged the ocean by
catching fish faster than they can reproduce while also destroying their
nurseries. We are in a race to catch fish that could end with people starved
of a vital food source and an essential economic dividend. Overfishing,
destruction of marine habitats and climate change have dire consequen-
ces for the entire human population, with the poorest communities that
rely on the sea being hit fastest and hardest. Part of the decline in natural
fish stocks has however been compensated by the growth of aquaculture,
which currently supplies 40% of the fish eaten by humans. Given the role
of the ocean biosphere in climate control, global geochemistry and as
a human food harvest, the collapse of ocean ecosystems could trigger se-
rious economic impacts.
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Diferenciace biologickych druhti ¢aste¢né zavisi na geografické izolaci,
ktera umoznuje genetickou divergenci oddélenych populaci. Toto schéma
narusil zcela novy proces. Nyni se pres ocean prepravuje rostouci mnozstvi
moftskych organizmi v dtisledku globalizace, obchodu a turistiky. Odhadu-
je se, Ze samotna voda ve vyrovnavacich nadrzich, které nakladni lodé vyu-
zivaji ke stabilizaci, md na svédomi prevoz desitek tisic riiznych druh. Po-
brezni vody svéta se tradicné déli do 232 ekooblasti. Zprava z roku 2008
ukadzala, Ze do nejméné 84 % z téchto ekooblasti jiz lidé vypustili nové dru-
hy. Mnoho exotickych druhtt dokéze infiltrovat ptivodni bioty, aniz by jim
dominovaly, ale invazivni druhy mohou mistni prostredi zcela znicit a stat
se osudnymi celym komunitam druhd.

Chemicky vliv

Ackoli se hodné pozornosti soustredilo na to, jaky je klimaticky dopad
atmosférického CO,, jehoz mnozstvi roste kvili spalovani fosilnich paliv,
jeho ucinku na ocedny, jenz je potencialné vaznéjsi, se vénovalo pozornosti
pomérné malo. Jak jsme poznamenali vyse, ocedn je dtlezitym mistem li-
kvidace atmosférického CO,, kdy 30-40 % antropogenniho CO, se roz-
pousti v ocednu, fekdch a jezerech. Toto rozpusténé CO, viak také zvysuje
kyselost oceanu do té miry, Ze ta nyni roste rychleji nez kdykoli béhem

——Atmospheric CO, (ppmv)
~+Seawater pCO; (natm)

——Seawater pH

Obr. 13. Vztah mezi narGstajici koncentraci oxidu uhli¢itého v atmosfére a v oceanu
a stoupajici kyselosti (snizené pH) morské vody. (Upraveno podle R.A.Freely, Bulletin
of the American Meteorological Society, 2008 & NOAA, 2015).
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The differentiation of biological species depends in part on geographic
separation that permits genetic divergence of the separated populations.
An entirely novel process has disrupted such patterns. Increasing numbers
of marine organisms are now transported over the oceans as a result of
globalization, trade and tourism. It is estimated that the water in ballast
tanks used to stabilize freighters is alone responsible for transporting tens of
thousands of different species. The coastal waters of the world are conventi-
onally subdivided into 232 eco - regions. A report in 2008 showed that new
species had already been introduced by humans into at least 84% of these
eco - regions. Many exotic species can infiltrate the native biota without do-
minating them, but invasive species can completely destroy habitats and be
fatal to entire species communities.

Chemical

Although much attention has focussed on the impact on climate from
increasing atmospheric CO, from burning fossil fuel, the impact on the
oceans, which is potentially more serious, has had relatively little attention.
As noted above, the ocean is an important sink for atmospheric CO2, with
30-40% of anthropogenic CO2 being dissolved in the ocean, rivers and la-
kes. However, this dissolved CO2 also increases the acidity of the ocean, to

—=Atmospheric CO; (ppmv)
~+Seawater pCO; (patm)
——Seawater pH

Fig.13. The relation between the increasing concentration of carbon dioxide in the
atmosphere and in the ocean, and the increasing acidity (reduced pH) of ocean
waters. (Modified after R.A.Freely, Bulletin of the American Meteorological Society,
2008 & NOAA, 2015).
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uplynulych minimalné 400 000 let, a vyvolalo 26% narust acidity oceanu od
predindustrialnich dob. Odhaduje se, ze za ,bézného chodu véci® by tato
trajektorie emisi do roku 2100 zvysila kyselost 0 170 % v porovnani s pied-
industrialni drovni. V geologické minulosti'? byvaly takovéto hladiny kyse-
losti spojeny se zasadnimi zménami dynamiky ocednu a atmosféry, se
zhroucenim ekosystémil a vymirdnim (viz také obr. 5).

Fyzikalni vliv

Hlavni vliv ¢lovéka na fyziku oceanu je nepfimy prostfednictvim ptlisobeni
¢lovéka na podnebi. Spociva v tepelném rozpinani oceant na oteplujici se
Zemi, coz byla prvorada pricina globalniho zvysSeni hladiny moii o 190 mm
za minulé stoleti a rychlosti stoupani hladiny o asi 3 mm za rok. Ocekava se
zvy$eni rychlosti stoupani hladiny mofti kvtli zvysenému pfisunu vody
a ledu do oceant z rozpadajiciho se ledového prikrovu v Gréonsku a Ant-
arktidé, pricemz v nejhor$im pripadé jde o vzestup o 700 mm do roku
2100.7

Strategie pro ocean?

Prirodni kapital Zemé nam prinasi kazdoro¢ni dividendu ve formé zdroj,
které tvori zaklad nasi ekonomiky. Hodnota této kazdoro¢ni dividendy
z oceanu se odhaduje na asi 24 biliont dolar'' a kromé toho je tu i jeho
fundamentdlni role — zajistit systém udrzujici obyvatele Zemé nazivu. Po-
kud se tento prirodni kapital bude i nadale zmen3ovat, i jeho kazdoro¢ni
dividenda bude klesat, coz je hluboce znepokojivy trend pro svét, v némz
pokracuje prudky narust populace. Klicovou prioritou musi byt produktiv-
ni prirodni kapital ocednu pfinejmensim udrzet - a Gstfednim bodem to-
hoto velkého ukolu je oddélit rtst od ekologického dopadu. Fundamental-
ni politicky problém spociva v tom, ze lokalni vliv ¢lovéka se prenasi do
celého svéta globalnim ocednem, globalni atmosférou a globalni siti ekono-
mik, obchodu a cestovani, takze je zapotiebi velkou predstavivost ¢i znalos-
ti, abychom vidéli dopad mistnich krok® na globalni systém. Dokonce ani
vnitrozemsk4 Ceské republika tedy neni zprosténa odpovédnosti za ocedny
a dalsi soucasti globalniho systému. Ulohou organizaci, jako je ¢eskd Ucena
spole¢nost, je byt oteviené pii $ifeni diikazd, proziravé pri uréovani strate-
gie a odvazné pti obhajobé kroki resicich tuto problematiku.
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the extent that the ocean acidity is now increasing more rapidly than at any
time in at least the last 400,000 years. It has produced a 26% increase in
ocean acidity since pre - industrial days, with a projection thata “business as
usual” emissions trajectory would increase acidity by 170% by 2100 compa-
red with pre — industrial levels. In the geological past'?, such levels of acidity
have been associated with major changes in ocean/atmosphere dynamics,
ecosystem collapse and extinction (see also Fig. 5).

Physical

The principle human impacts on the physics of the ocean are indirect via the
human impact on climate. They lie in the thermal expansion of the oceans in
a warming Earth, which has been the primary cause of the global sea level
rise of 190mm in the last century, and the rate of rise of about 3mm per year.
An acceleration of this rate of sea level rise is anticipated from accelerated
discharge of water and ice into the oceans from the decay of the Greenland
and Antarcticice sheets, withaworst — casescenarioofa 700mm rise by 2100."

Policies for the Ocean?

The Earth’s natural capital yields an annual dividend of resources that form
the bedrock of the human economy. The value of the annual dividend from
the ocean is estimated to be about $24 trillion', in addition to its funda-
mental role in maintaining a life support system for Earth’s inhabitants. If
that natural capital continues to diminish, its annual dividend will also di-
minish, a profoundly disturbing trend for a world in which the population
continues to boom. The key priority must be at least to maintain the ocean’s
productive natural capital, central to which challenge is the de — coupling of
growth from environmental impact. A fundamental political problem is
that local human impacts are transmitted globally through the global oce-
an, the global atmosphere and the global network of economy, trade and
travel, such that a leap of imagination, or knowledge, is required to see the
implications of local actions for the global system.

Even the landlocked Czech Republic is not therefore absolved from re-
sponsibility for the oceans and other parts of the global system. It is a re-
sponsibility of bodies such as the Czech Learned Society to be forthright in
broadcasting evidence, astute in identifying strategies and bold in advoca-
ting action to address these issues.
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Jak nam geneticky upravené plodiny mohou pomoci nasytit svét?

BriaAN HEAP
St Edmund's College, Cambridge CB3 0BN
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2nd Floor, Alison Richard Building, 7 West Road,
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Pozadi problematiky

Nositel Nobelovy ceny z Cambridge, Sir Aaron Klug, popsal ve svém pro-
slovu, ktery prednesl roku 1999 coby prezident Kralovské spole¢nosti, brit-
ské akademie véd, Ze tato spole¢nost se jiz od roku 1960 zajimd o technické
postupy riznych femesel, povolani a primyslovych obort a vytkla si za cil
sbirat informace o nich z toho diivodu, Ze nejde pouze o material pro studie
ucenctl, nybrz ze budou mit téz praktickou hodnotu. Vysvétlil, ze ,,Spolec-
nost dosla k pevnému ndzoru, Ze verejnd politika by méla vychazet z nej-
lepsich dostupnych védeckych vysledka a nikoli z propagandy ¢i emoci;
a Ze tam, kde ma néjaka nova technologie potencial pfinést skutecny a prak-
ticky uzitek, je Spole¢nost toho nazoru, ze tento potencial by mél byt plné
prozkouman spolu s pripadnymi riziky“

Mezi ¢etnymi tématy, jimz se Spolecnost vénuje, vystupuje do popredi
pfipad geneticky upravenych (GM) plodin. Jeden z davodu vyplyva z dobre
dolozené predpovédi, ze ¢elime nartistajici poptavce po omezenych svéto-
vych zdrojich. Pocet obyvatel svéta narostl od roku 1960 ze 3 miliard na
dnesnich 7,3 miliardy a pfedpokladany budouci ndrtist nas privadi k témér
10 miliardam do roku 2050. Organizace pro vyzivu a zemédélstvi OSN
(FAO) tedy odhaduje, Ze vyroba potravin musi béhem téhoz obdobi vzrist
pfinejmensim o 70 %. Otazka, jiz se vénuje tento cldnek, zni, zda by zde
GM plodiny mohly sehrat néjakou roli a ddle jaka jsou rizika spojena s ira-
cionalnimi obavami rozdmychavanymi dezinformacemi o této technologii.

D¢jiny jsou plné priklada toho, jak nové vznikajici technologie vedly
ke kontroverzim. Béhem britské priimyslové revoluce se lidé obavali o sva
pracovni mista a bezpe¢i. Ucastnili se stévek a niceni stroji v rdmci hnuti,
které veslo ve znamost jako luddité. V 60. letech minulého stoleti se v Japon-
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How can genetically-modified (GM crops) help to feed the world?

BriaN HEAP
St Edmund’s College, Cambridge CB3 0BN
and Centre for Development Studies, University of Cambridge,
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Background

Cambridge Nobel Laureate, Sir Aaron Klug, described in his 1999 Presi-
dential Address how the Royal Society, the UK’s academy of science, had
interested itself since 1660 in the technical processes of various crafts, tra-
des and industries and set out to collect information on them with the aim
that this would not only provide material for the studies of scholars, but
would also be of practical value. He explained how ‘the Society is determi-
ned that public policy should be based on the best available science, rather
than on propaganda or emotion; and, where a new technology has the po-
tential to offer real practical benefits, the Society is determined that that
potential should be fully examined along with the possible risks.

Among the numerous topics addressed by the Society, the case of ge-
netically modified crops has featured prominently. One of the reasons aris-
es from the well authenticated forecast that we face an increasing demand
for the world’s finite resources. Since 1960 the world population has grown
from 3 billion to 7.3 billion today, and projections for future growth take
that to nearly 10 billion by 2050. The UN Food and Agriculture Organisa-
tion (FAO) estimates that food production must therefore increase by at
least 70% over the same period. The issue addressed in this paper is whether
GM crops could play a part and the risks associated with irrational fears
stoked by misinformation about the technology.

History is replete with examples of how emerging technologies have
led to controversy. During the British industrial revolution people feared
for their jobs and safety. They took part in strikes and the destruction of
machinery in what became known as the Luddite movement. Semiconduc-
tor diffusion was rapidly taken up in Japan in the 1960s but resistance in
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sku rychle ujaly a rozsitily polovodice, ve Francii ale odpor vii¢i nim vyustil
vjejich nedostate¢né zastoupeni v priimyslu této zemé. Pocitacova fotosazba
zprostila mezi roky 1975 a 1980 sazece pracujici v novinovém pramyslu na
londynské Fleet Street nutnosti rozsahlé prace s klavesnici, zapricinila ale
v tomto odvétvi spory a stiety. Protijaderna hnuti jednadvacatého stoleti slo-
zité ovliviiovala vznik nového celosvétového energetického pramyslu'.

Dalsim prfipadem je intenzivni zemédélstvi, jez bylo pranyfovano, ac-
koli v uplynulém pilstoleti vedlo k piisobivému nartstu vyroby potravin.
Mezi jeho ekologickymi ndklady jsou uvddény ztrata ornice v disledku
eroze, desertifikace a vzristajici slanost zeminy, znehodnocovani zemédél-
ské plidy vypasanim a vznik podfadnych pozemkii a lesti zbavenych poros-
tu v dasledku naduzivani. Biotechnologie jakozto hybna sila zmén jsou
zpochybnovany na zakladé obav z novych postupti a to dokonce i navzdory
jejich prokazanému globalnimu pfinosu, coz se promita do verejnych de-
monstraci a zdmérného niceni plodin. Odpor viici nové technologii neni
v zadném pripadé novym tkazem.

Potravinova nejistota
Predpovédi celosvétové dodavky energie v potravé naznacuji, Ze nedokaze
udrzet krok s nartistem populace, coz potencialné povede k mezinarodnim
spolecenskym nepokojiim. Tato prognéza nam pripomina vlivnou esej re-
verenda Thomase Malthuse z Jesus College v Cambridgi napsanou pred
vice nez 200 lety — Pojedndni o zdkonu populace — na zdkladé niz jeho jmé-
no ve svété zdomdcnélo. Malthus pritahnul pozornost k ,,obdobi, jehoz se
brzy dockame, kdy nebude dostatek potravy, jez by nasytila lidi po celém
svété", a hrozivym nasledktim, které z toho vyplynou. Tento désivy malthu-
ziansky scénar jsme obesli do zna¢né miry diky uzasnému rozvoji nauky
o Slechténi rostlin, které zvedlo celosvétovou produkci potravin jiz pred
nartistem populace, a¢ tieba ne ve vsech oblastech svéta. Mohou tedy tech-
nologicka fe$eni dosahnout téhoz i v nasledujicim pulstoleti?

Stavajici situace je takovd, Ze ze 7,3 miliardy lidi na svété je dnes
805 miliont téch, ktefi nemaji zajisténé potraviny a trpi chronickou podvy-
zivou. Témeéf vsichni ziji v méné rozvinutych zemich a mezi obyvatelstvem
rozvojovych zemi predstavuji kazdou osmou osobu?’. Jisté naznaky po-
vzbuzujicich signdlt prichdzeji z globalniho indexu hladu (GHI)* jenz po-
klesl z hodnoty 19,7 v roce 1990 na 12,5 v roce 2014. Sestndct zemi nicméné
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France resulted in a lack of its industrial presence in that country. Compu-
terized photocomposition eliminated the need for large amounts of key-
boarding by compositors in the newspaper industry of Fleet Street in Lon-
don in 1975-80, but it gave rise to industrial strife and conflict. The anti-
nuclear movements of the 21st century have had a complex effect on the
emergence of a new global energy industry’.

High-input agriculture is another case which has been castigated even
though it has given rise to spectacular increases in food production over
the past half-century. Environmental costs are listed as loss of topsoil due
to erosion, desertification and increased salinity, agricultural land degra-
ded by overgrazing and the generation of marginal land, and forests de-
nuded by overexploitation. Biotechnology as a driver of change is chal-
lenged by fears about the new technologies even in the face of proven
global benefits and this has been reflected in public demonstrations and
the wilful destruction of crops. Resistance to new technology is by no
means a new phenomenon.

Food insecurity

Forecasts of global dietary energy supply indicate that it will fail to keep
pace with population growth leading to the potential for international so-
cial unrest. The forecast is reminiscent of the seminal essay of the Rev Tho-
mas Malthus of Jesus College, Cambridge written over 200 years ago — An
Essay on the Principle of Population - from which his name became a house-
hold word. Malthus drew attention to a ‘stage that would soon be reached
where there was not sufficient food to feed the people of the world’ and the
dire consequences that would follow. This Malthusian nightmare scenario
has been circumvented due in large part to the brilliance of advances in the
science of plant breeding which has increased food production ahead of
population growth globally, if not in all areas of the world. So can techno-
logical fixes do the same for the next half-century?

The present situation is that there are 805 million of the 7.3 billion
people in the world today who are food insecure and suffer from chronic
undernourishment. Almost all them live in less developed countries, repre-
senting one in eight of the population of developing countries®’. Some
signs of encouragement come from the Global Hunger Index (GHI)* which
has fallen from 19.7 in 1990 to 12.5 in 2014. Nonetheless, 16 countries re-
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zustava v kategorii ,,znepokojivé“ ¢i ,mimoradné znepokojivé“ (<4,9, nizka
uroven hladu; 5-9,9 mirna uroven hladu; 10-19,9 zdvazna uroven hladu;
20-29,9 znepokojiva uroven hladu; >30 mimoradné znepokojiva troven
hladu), takze zemé v posledni kategorii, jako je Burundi a Eritrea, si zadaji
bezodkladnou akci. (GHI fadi zemé podle stobodové stupnice; nula je nej-
lepsi skore bez hladu a 100 je nejhorsi, ackoli v praxi se ani jednoho z téch-
to extrému nedosahuje.)

Dlouhodobé t¢inky podvyzivy jsou zavazné. Zptisobuji, Ze jedno ze tii
déti je malého vzristu s rizikem poruch uceni, dusevni zaostalosti, chatr-
ného zdravi a chronickych chorob v dal$im zivoté. Hlad miize vést k jesté
vétsimu hladu kvili neschopnosti pracovat a ucit se’. Faktorem stojicim
zde v pozadi je populacni tlak, protoze ten muze vést k iplnému nebo témeér
uplnému zhrouceni jednotlivych spolecenstvi*S. Dalsim faktorem je ztrdta
schopnosti, protoze nejde pouze o otazku toho, jak lidé ve skutecnosti fun-
guji, nybrz také jaka je jejich schopnost fungovat v dilezitych situacich’.
Starost vyvolava také nestdlost cen potravin zptusobena nejistotou na trhu, at
jiz hnanou spekulativnim obchodovanim s futures kontrakty na zemédél-
ské komodity ¢i pozadavky na obnovitelna paliva pro danou zemi. Nedoka-
zeme-li nasytit kazdého clovéka dnes, jak miizeme v poloviné tohoto stole-
ti nasytit dalsi 2 miliardy lidi, z nichZ mnozi budou zit v prelidnénych mést-
skych aglomeracich v rozvijejicich se zemich?

Zemédélstvi dokaze vyprodukovat dost potravin na to, aby nasytilo
kazdého, vezmeme-li 2 720 kilokalorii (kcal) na osobu a den jako pfijem,
jenz by uspokojil vétsinu z nas, ktefi vedeme primeérené aktivni Zivot. Jed-
nou z moznosti by bylo presouvat po svété velké objemy potravin a Svétovy
potravinovy program Spojenych narodii zdivodnuje, Ze hlavnimi viniky
jsou nedostate¢né investice do infrastruktury, ktera by dostala potraviny
z mista, kde byly vypéstovany, tam, kde budou snédeny, a dale prekonani
nestoudného plytvani potravinami®. Pfeprava je vSak draha, pfesouvan je
¢asto $patny druh potravin, ktery nenapliiuje stravovaci naroky téch nejvice
potrebnych, a tento proces také prispiva k zatézi dané sklenikovymi plyny.

Pravo na potraviny je zakladnim lidskym pravem a zemédeélstvi zlista-
va jednim z nejucinnéjsich zptsobt, jak omezit chudobu. Zemé, které zi-
stavaji vystaveny nejvys$$imu riziku, ze nebudou mit zajistény potraviny,
jsou pravé ty, kde potraviny tvoii velkou ¢4st celkovych vyloh: 40 % v Cing,
43 % na Filipinach, 45 % v Indonésii, 48 % v Pakistanu, 50 % v Indii a Viet-
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main in the ‘alarming’ or ‘extremely alarming’ categories (<4.9, low hunger;
5-9.9 moderate; 10-19.9 serious; 20-29.9 alarming; >30 extremely alarm-
ing) so that urgent action is called for in countries in the latter category
such as Burundi and Eritrea. (The GHI ranks countries on a 100-point
scale; zero is the best score with no hunger, and 100 is the worst, although
neither of these extremes is reached in practice).

The long term effects of malnutrition are serious. They cause one in
three children to have stunted growth with the risks of learning disabili-
ties, mental retardation, poor health, and chronic diseases in later life.
Hunger can lead to even greater hunger because of the inability to work
and learn®. Population pressure is an underlying factor because it can lead
to the collapse, or nearly so, of individual societies *°. Capability-depriva-
tion is another because it is not only a question of how people actually
function that matters but their capability to function in important ways’.
Food price volatility is a further concern due to market uncertainties,
whether driven by speculative future trading of agricultural commodities
or the demands of renewable fuels for land. So if we fail to feed everyone
today, how can we feed an extra 2 billion people by the middle of this cen-
tury, many of whom will live in the overcrowded urban conurbations of
developing countries?

Agriculture can produce enough to feed everyone if we take 2,720 kilo-
calories (kcal) per person per day as the intake that would satisfy most of us
who lead a moderately active lifestyle. Moving large supplies of food around
the world would be one possibility and the United Nations World Food
Programme makes the case that major culprits are a lack of investment in
infrastructure that gets food from where it is grown to where it is eaten, and
overcoming obscene food wastage®. However, transportation is expensive,
it is often the wrong type of food that is moved to meet the dietary needs of
those in greatest need, and the process adds to the burden of greenhouse
gases.

The right to food is a basic human right and agriculture remains one of
the most effective ways to reduce poverty. The countries that remain most
at risk of food insecurity are those where food makes up a large portion of
overall spending: 40% in China, 43% in the Philippines, 45% in Indonesia,
48% in Pakistan, 50% in India and Vietnam, 70% in Congo. The FAO Food
Price Index measures the monthly change in international prices of a bas-
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namu, 70 % v Kongu. Index cen potravin organizace FAO méfi mési¢ni
zménu mezinarodnich cen kose péti typickych potravinovych komodit.
Mezi lednem 2004 a kvétnem 2011 doslo dvakrat k prudkému nartstu Ce-
nového indexu a oba pripady byly spojeny s poc¢atkem potravinovych bou-
i a nepokojii v severni Africe a na Stfednim vychodé. Potravinové krize
dohnaly k hladu okolo 100 milionu lidi, a¢koli neslo pouze o nedostatek
potravin, ale také o volatilitu trhu a spekulace, které vyhnaly ceny nahoru
a vyvolaly v nékolika zemich nepokoje.

Jaké ponauceni plyne z minulosti?

Pfi hleddni feSeni problematiky zajisténi potravin ukazuji déjiny zdsadni
roli, jiz hraji inovace ve vyrobé potravin, a vliv ochoty farmari zkouset no-
vé napady. Dokonce i chudi farmafi se rozhoduji racionalné, maximalizuji
vynosy ze zdrojt, které maji k dispozici, a reaguji pfimérené na vnéjsi po-
bidky. Mozna se jim nepodafi zbavit se chudoby, to je ale typicky dusled-
kem nedostatku skute¢nych prilezitosti a pobidek, a nikoli kvili tomu, Ze
by nebyli ochotni inovovat a experimentovat.

Dalsi ponauceni je to, Ze v problematice zajisténi potravin neexistuji
zadna rychla feseni. V rozvinutych i rozvojovych zemich sehraly vhodné
inovace svou roli v mnoha situacich. Britsky ekonom E. F. Schumacher pro
svou vlivnou studii ,,ekonomiky, v niz jakoby na lidech zalezelo® vymyslel
frazi ,Malé je krasné.“ Jeho myslenka, kterd byla poprvé uverejnéna roku
1973, spocivala v tom, Ze malé a vhodné (stfedné pokrocilé) technologie
dovoluji lidem vic nez zaméfovani se na heslo ,velké je lepsi®. Napriklad
tradi¢ni zemédélsky systém domadcich zahradek v Indonésii vyuzivda mimo-
fadnou biodiverzitu plodin, které majitel malé farmy najde v okoli domova
a které mu zajistuji udrzitelné Zivobyti. Zatimco vice nez 90 % nasich potra-
vin pochazi z pouhych 15 rostlinnych druht, biodiverzita rostlin je ohrom-
nd, protoze existuje 250 000 znamych vyssich rostlinnych druhii a o 30 000
z nich se vi, Ze jsou jedlé.

Mezi predchozi inovace v oblasti zvySeni vyroby potravin patfi nejdéle
probihajici pokus s vynosem psenice, ktery zacal roku 1843 - jde o Broad-
balskou studii z Rothamstedského vyzkumného ustavu ve Velké Britanii. Ta
jasné prokazala hodnotu postupnych inovaci - $lechténi rostlin, vyuziti or-
ganickych i chemickych latek (mrva, hnojiva, herbicidy, insekticidy a fun-
gicidy) a modernich rostlinnych biotechnologii. Broadbalska studie ukaza-
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ket of five typical food commodities. There were sharp increases in the
Price Index between January 2004 and May 2011 and on both occasions
this was closely linked with the beginning of food riots and unrest in North
Africa and the Middle East. Food crises pushed around 100 million people
into hunger, though it was not only of food shortages but also market vola-
tility and speculation that sent prices through the roof and sparked riots in
several countries.

What are the lessons from the past?

In seeking to address food insecurity, history reveals the vital role that
innovation plays in food production, and the willingness of farmers to
explore new ideas. Even poor farmers are rational decision-makers who
maximize the returns from the resources at their command and respond
appropriately to incentives. They may fail to leave poverty, but this is typi-
cally due to lack of real opportunities and incentives, and not because they
are unwilling to innovate and experiment.

Another lesson is that there are no quick fixes to the issue of food
insecurity. Appropriate innovations have played a role in many settings in
developed and developing countries. British economist, E. F. Schuma-
cher, coined the phrase, ‘Small Is Beautiful, for his influential study of
‘economics as if people mattered’ First published in 1973° his idea was
that small, appropriate (intermediate) technologies empower people
more than the focus on ‘bigger is better. The traditional agrosystem of
a home garden in Indonesia, for example, makes use of the extraordinary
biodiversity of crops which can be found around a small farmer’s home
providing for a sustainable livelihood. While only 15 plant species supply
more than 90% of our food, the biodiversity of plant species is enormous
with 250,000 known higher plant species of which 30,000 are known to be
edible.

Past innovations on how to increase food production include the
world’s longest experiment on wheat productivity which started in 1843 -
the Broadbalk study at the Rothamsted Research Institute, UK. It has clear-
ly demonstrated the value of stepwise innovations — plant breeding, organ-
ic and chemical applications (manure, fertilizers, herbicides, insecticides
and fungicides), and modern plant biotechnology. The Broadbalk study
showed their cumulative effect on wheat yield which exceeded a 10-fold
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Obr. 1. Zvyseni vynosu kukuftice, ryZe a séjovych bobl prostfednictvim technologic-
kych inovaci®.

la jejich kumulativni vliv na vynos psenice, jenZz vzrostl desetindsobné v po-
rovnani s ubohym dvojnasobnym nartstem bez pouziti inovaci. Dalsi
priklady jsou uvedeny na obrazku 1.

Mezi mnoho dalsich inovaci patfiivodohospodarstvi a kapkova zavla-
ha. Jejich prikopniky byly podnikavé nevladni organizace (NGO) jako na-
priklad KickStart. Nizkonakladové, lidskou silou pohanéné zavlazovaci cer-
padlo prokazalo vysokou ucinnost, co se tyce spotteby energie a vody. Cer-
pa vodu z fek a potokt do vysky odpovidajici ¢tyfpodlazni budové a ze
strany farmare si vyzada kapitalovou investici v rozmezi 30-100 britskych
liber s ro¢nimi provoznimi néklady 5 liber. Z4dné zvlastni odborné znalos-
ti nejsou nutné. Takovato soustava ¢erpadel ovladana dvéma lidmi (obvyk-
le manzelskym parem) sméruje vodu pod tlakem pfimo ke kofenovému
systému nebo na samotnou rostlinu. V Keni a okoli pozvedla z chudoby ko-
lem 800 000 lidi a je navrzena specialné tak, aby odpovidala socioekono-
mickym a kulturnim podminkam drobnych farmara''.

Kli¢covym ponaucenim z poslednich tif stoleti je to, Ze za rozvojem
technologii obecné a inovaci zvlast stali vlastnici kapitalu, coz nejlépe do-
klada piiklad préimyslové revoluce. Slechténi rostlin jakozto technologie
a genetika jakozto véda nejsou zadnou vyjimkou, jelikoz zde socialni a eko-
nomické sily maximalizuji svou prilezitost vytvaret a hromadit bohatstvi'>
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Fig. 1. Maize (corn), rice and soybean yield improvements through technological inno-
vations™°.

increase compared with a meager two-fold rise when none were adopted.
Further examples are illustrated in Figure 1.

Among many other innovations are water management and drip irri-
gation. Pioneered by entrepreneurial non-governmental organisations
(NGOs) such as KickStart, alow-cost, human-powered irrigation pump has
proved highly efficient in terms of energy and water consumption. It pumps
water up from rivers and streams to the equivalent height of a 4 storey
building, and requires a farmer to make a capital investment ranging from
£30 -100 with running costs of £5 annually. No special expertise is neces-
sary. The pump system managed by two people (usually husband and wife)
directs pressurized water straight onto the root system or onto the plant
itself. It has brought about 800,000 people out of poverty in Kenya and be-
yond, and is specially designed to fit the socio-economic and cultural cir-
cumstances of smallholder farmers''.

A key lesson of the last three centuries is that technology in general
and innovation in particular have been driven by the owners of capital as
best exemplified by the industrial revolution. Plant breeding as a techno-
logy and genetics as a science are no exceptions with social and economic
forces maximising their opportunities for wealth creation and accumula-
tion'.
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Zajisténi a udrzitelnost vyroby potravin

Zajisténi potravin znamend ,,stav se spolehlivym prfistupem k dostate¢né-
mu mnozstvi cenové dostupnych a vyzivnych potravin® To se stalo reali-
tou v mnoha ¢astech svéta, protoze v uplynulych 200 letech zaznamenala
celosvétova produktivita vyroby potravin veliky uspéch’’. Produkce po-
travin na hlavu se zvedla na asi jedenapitilnasobek az témér trojnasobek
diky pouzivani jak konvencnich, tak pokrocilych postupti'* '>. Pomérna
celosvétova vyroba hlavnich obilovin se v priabéhu uplynulych 50 let zvy-
$ila na dvouaptilnasobek (psenice, je¢men, kukufice, ryze, oves), u hru-
bozrnnych a kofenovych plodin slo téméf o jedenaptlndsobek (proso,
¢irok, maniok a brambory) a pocet kurat vzrostl asi ¢tyfiaptlkrat, prasat
dvaapilkrat, ackoli pocet skotu, buvoli, ovci a koz stoupl jen méné nez
jedenapulkrat®.

Co se tyce rozvojovych zemi, popsal M. S. Swaminathan, jak Indie bé-
hem ptl stoleti pfijala nékteré inovativni kroky k maximalizaci vynosi ryze
a pSenice v oblastech, kde je k dispozici zavlazovani, a spustila tak Zelenou
revoluci. Conway se vyrazné zasazoval za ,,dvojité zelenou revoluci“ jakozto
zaklad teorie zmény pro rozvojové zemé, které si osvoji tradi¢ni i moderni
technologie, ale Swaminathanova vyzva ke ,stélezelené revoluci pro-
stfednictvim ekologicky rozumné a udrzitelné politiky prosla prevazné bez
odezvy'® a v mnoha oblastech chudoba dosud zveda hlavu coby zasadni
problém. Globalni scénare nicméné vykresluji obrazek, podle néjz bude ke
konzumaci k dispozici o 100-180 % vic potravin za predpokladu, Ze vyroby
potravin se dosahne prostfednictvim udrzitelnych systémi", které nemu-
seji znamenat sniZeni vynosu ani zisku'®.

Novym heslem dne se stalo ,,Udrzitelnd intenzifikace — z méné vypés-
tovat vic“'>'®°. V roce 2050 uz bude kazdy hektar zemé muset nasytit pét
lidi v porovnani s pouhymi dvéma lidmi v roce 1960 a to bude k dispozici
méné vody. To si vyzada pouzivani jednotnych manazerskych postupt
v boji proti skiidcim, v chovu dobytka a lesnim hospodarstvi, které pove-
dou k ochrané pidnich Zivin a zdsob vody omezenim orby a udrzitelnou
mirou sklizni. Vysoko na seznamu bodu dtlezitych pro budouci zajisténi
vyzivy figuruji také zvySené dodavky ryb umoznéné jejich péstovanim
a udrzitelnym rybolovem. Zatimco hlavnim fe$enim v minulosti bylo za-
pojit do vyroby dalsi pozemky, tyto moznosti jiz nejsou tak jednoduché,
jelikoz zbyva jen malo ptidy vhodné k zemédélstvi.
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Food security and sustainability

Food security means ‘the state of having reliable access to a sufficient quan-
tity of affordable, nutritious food’ It has become a reality in many parts of
the world as global food productivity has proved to be a success story over
the past 200 years". Food production per capita has been raised between
1.5 and nearly 3-fold through the application of both conventional and
advanced practices'*". The relative global production of main grains has
increased over the past 50 years by 2.5-fold (wheat, barley, maize, rice,
oats), coarse grains and root crops by nearly 1.5 fold (millet, sorghum, cas-
sava and potato), and chicken numbers by about 4.5-fold, pigs by 2.5,
though cattle, buffalo, sheep and goats by less than 1.5-fold".

In developing countries M S Swaminathan has described how in India
within a half century innovative steps were taken to maximise rice and
wheat yields in districts where irrigation was available, building the Green
Revolution. A case has been strongly argued by Conway for a ‘doubly-green
revolution” as the basis of a theory of change for developing countries
embracing traditional and modern technologies"” , but Swaminathan’s
appeal for an ‘ever-green’ revolution through ecologically-sound and sus-
tainable policies went largely unheeded '° and poverty still raises its head as
a substantial problem in many parts. Nonetheless, global scenarios paint
a picture of 100-180% more food becoming available for consumption pro-
vided food production is achieved through sustainable systems'’, and they
do not have to mean a reduction in yields or profits '®.

‘Sustainable intensification — growing more from less’ has become the
new rallying cry'>'®" . Each hectare of land will need to feed 5 people by
2050 compared to just two people in 1960, and with less available water.
This will involve the use of integrated management schemes for pest con-
trol, livestock, and forestry leading to conservation of soil nutrients and
water supplies by reduced tillage and sustainable harvesting. Increased sup-
plies of fish through aquaculture and sustainable fishing are also high on
the agenda of future nutrition provision. Whereas in the past the primary
solution has been to bring more land into production, such options are no
longer straightforward as little additional land suitable for agriculture re-
mains.

The challenge for the future is three-fold: to increase sustainable agri-
cultural production, especially of nutrient-rich foods, to do so in ways
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Budoucnost celi troji vyzvé: zvysit udrzitelnou zemédélskou vyrobu
a to zvlasté potravin bohatych na Ziviny, dosdéhnout toho zpiisobem, jenz
snizi nerovnost, zvratit a zastavit dalsi degradaci zdroji a zabyvat se ,,vyno-
sovou propasti‘, ktera se projevi, kdyz nejvyssi vynosy obilovin jsou vyraz-
né vyssi nez vynosy, jichz typicky dosahuji farmari. Tato ,vynosova pro-
past® odrazi vliv, jenz na vynosy mély nejuspésnéjsi vysledky slechténi rost-
lin i zlepseni agronomickych postupt v uplynulych 25 letech™. V roce 1948
byly vynosy psenice ve Velké Britanii 2,8 t/ha a k dnesnimu dni se zvedly na
8 t/ha a ti nejlepsi péstitelé psenice dokazi ziskat az 10-12 t/ha, pricemz
omezovani jsou pouze dostatkem vody.

Zustavaji dveé vyhrady. Zaprvé, i kdyz stavajici rychlost nartstu vynost
jednotlivych odrid je mozné udrzet jesté fadu let rozsifenim soucasného
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Obr. 2. llustrativni pfiklady vSech ctyf druhl trend( celosvétovych vynosu plodin®.
Pretisténo se svolenim spole¢nosti Macmillan Publishers Ltd: Nature Communications
(2012) 3, 1293.
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which reduce inequality, reverse and prevent further resource degrada-
tion, and address the ‘yield gap’ which shows up when the best yields of
cereal crops are substantially greater than those typically obtained by far-
mers. The ‘yield gap’ reflects the influence of the best of plant breeding on
yields over the last 25 years, as well as agronomic improvements'>. Wheat
yields in the UK were 2.8t/ha in 1948 and have increased to 8t/ha now, and
the very best wheat growers can achieve 10-12 t/ha limited only by water
availability.

Two caveats pertain. First, while the current rate of progress in varietal
yield can be maintained for some years by extension of the current gene
pool and more intensive use of genetic markers, there is little prospect of
a stepwise increase in yield equating to a second green revolution unless the
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Fig. 2. lllustrative examples for each of the four types of global crop yield trends 2°.
Reprinted by permission from Macmillan Publishers Ltd: Nature Communications
(2012) 3, 1293
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genofondu a intenzivnéj$im vyuzivanim genetickych markert, vyhlidky na
skokové zvyseni vynosti odpovidajici druhé zelené revoluci jsou jen malé,
pokud nebude mozné radikalné posunout fyziologii plodin. Konven¢ni
$lechténi rostlin jiz nedokaze uspokojit celosvétovou poptavku plynouci
z rostouciho poctu obyvatel kvili ubytku zemédélskych zdrojt, jako je pit-
da a voda, a zfejmého ustaleni vynosové kiivky hlavnich plodin (obr. 2).
Meély by tedy byt vyvinuty a vyuzity nové technologie vylepSovani plodin.

Zadruhé nase modely naznacuji, Ze zména podnebi potlacila v pribe-
hu uplynulych tfi desetileti vyrobu potravin po celém svété. Odhaduje se,
ze celosvétova produkce kukuftice je o 3,8 % nizsi, nez by byla, pokud by se
na Zemi neoteplovalo, ackoli se to dosud nedotklo Spojenych stata, které
vyrabéji okolo 40 % globalni produkce soji a kukufice, protoze zde se v ob-
lastech, kde se tyto plodiny péstuji, v 1été tolik neoteplilo. Navzdory hnoji-
vému ucinku zvysené hladiny oxidu uhlic¢itého v ovzdusi poklesla celosveé-
tova vyroba psenice o 2,5 %. Diky vzpruze v podobé CO, jsou viak vynosy
ryze vy$si o 2,9 % a séjovych bobti o 1,3 %. Celkové se odhaduje, ze zmény
vyvolané oteplujicim se podnebim postrcily ceny potravnich komodit po
celém svété o asi 6,4 %'

Konven¢ni (negenetické) technologie

Pozornost médii se v minulych desetiletich do zna¢né miry soustfedila na
to, jak se nase potraviny vyrabéji, a to v neposledni fadé kvili podezreni, ze
s vyrobou neprithlednym zptisobem manipuluji mezinarodni spole¢nosti
obchodujici se semeny a potravinami a to prostfednictvim svého vlivu a fa-
zi. Az dosud se negenetické technologie pouzivaly k boji se skidci a choro-
bami, coz je zdsadni, jelikoz celkové ztraty zptisobené $kudci mohou do-
sahnout az 50 % (15 % hmyz, 13 % patogeny, 14 % plevel a 10 % ztraty po
sklizni). Dochazi také k nartistu nové se vyskytujicich infek¢nich chorob,
co se tyce jejich incidence, zemépisného ¢i hostitelského rozsiteni a viru-
lence, pticemz az 6 % celkového poctu poplachi je kazdy rok vyvolano plis-
némi napadajicimi rostliny*.

Konven¢ni technologie se vyuzivaly k zajisténi ochrany urody kukufi-
ce a ¢iroku, coz jsou klicové zakladni potraviny a vydéle¢né plodiny pro
miliony lidi v subsaharské Africe (SSA). Jejich vyroba je i nadale silné ome-
zena hmyzem vyzirajicim stonky, parasitickym plevelem striga a slabou
urodnosti piidy. Striga (¢eled zarazovité) postihuje v Africe 40 % obd¢lava-
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physiology of the crop can be radically advanced. Conventional plant bree-
ding can no longer sustain the global demand arising from the increasing
population because of the decline in agricultural resources such as land and
water, and the apparent plateauing of the yield curve of staple crops (Fig 2).
Thus, new crop improvement technologies should be developed and utili-
zed.

Second, modelling work suggests climate change has suppressed food
production around the world during the past three decades. Global maize
production is estimated to be 3.8% lower than it would have been if Earth
were not warming, though the United States which produces about 40% of
the world’s soya and maize, has so far been unaffected because its crop-
growing regions have not warmed much in summer. Despite the fertilizing
effect of increased carbon dioxide in the atmosphere, global wheat produc-
tion has dropped by 2.5%. However, thanks to the CO, boost, yields of rice
are up by 2.9% and soya beans by 1.3%. Overall, it is estimated that the
changes brought about by the warming climate have bumped up food com-
modity prices worldwide by about 6.4% *'.

Conventional (non-GM) technologies
Much media attention has focused on how our food is produced over re-
cent decades not least because of the suspicion that production is being
manipulated in a non-transparent manner by the power and merger of
international seed and food companies. Hitherto, non-GM technologies
have been used to address pest and disease control which is essential as the
overall loss from pests can be as high as 50% (15% due to insects, 13%
pathogens, 14% weeds and 10% post-harvest losses). Emerging infectious
diseases are also increasing in incidence, geographic or host range and
virulence, with up to 6% of total alerts each year coming from plant-infec-
ting fungi*.

Conventional technologies have been used to provide crop protection
for maize and sorghum which are essential staple and cash crops for mil-
lions of people in sub-Saharan Africa (SSA). Their production remains se-
verely constrained by stem borers, parasitic striga weed, and poor soil fer-
tility. Striga (witchweed) affects 40% of Africa’s arable savanna region, re-
sulting in up to $13 billion lost every year. The infestation is so bad in parts
of Africa, some farmers have to relocate every few years. The majority of
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telnych oblasti savan, coz ma kazdoro¢né za nasledek ztraty az 13 miliard
dolart. V jistych ¢astech Afriky je zapleveleni tak silné, ze néktefi farmari
se museji kazdych par let stéhovat. Vétsinu téchto plodin péstuji farmari
samozasobitelé, ktefi si nemohou dovolit nakladné prostiedky na boj se
strigou a ktef{ tudiz kvtli tomuto patogenu velice stradaji. Pro kukufici byl
vsak uspésné vyvinut negeneticky postup, ktery vyuziva technologii nazva-
nou StrigAway*. Kukufi¢na semena jsou opatfena vrstvou s nizkou davkou
systémového herbicidu imazapyru. Kdyz semeno vykli¢i, vstieba trochu
herbicidu a povzbudi ke kli¢eni i strigu, kterd se navaze na kotinky kukufti-
ce a je zahubena dfiv, nez muze zptsobit skodu. Herbicid, ktery rostlinou
kukufice vstfeban neni, se rozptyli do ptidy a zahubi semena strigy, ktera
nevzkli¢ila.

Dalsi slibnou technologii, kterd je isporna a vychazi z vybranych mist-
né dostupnych rostlin misto z drahych vnéjsich vstupt, jsou tzv. push-pull
meziplodiny, které v Africe dobfe zapadaji do tradi¢nich systému smiSené-
ho vysevu®. Jde o novatorskou sestavu plodin vyvinutou za icelem integro-
vaného managementu pudy, skadcti a plevele ve farmarskych systémech
zalozenych na ceredliich. Pfirodni chemické latky z traviny dochan cerveny
(Pennisetum purpureum) vyseté vedle kukufice pritahuji miry, které zde
kladou vajicka, zatimco pfirodni chemické latky z lusténiny stuzkovec, jez
je seta mezi radky jako meziplodina, mury odpuzuje. K dne$nimu dni si
tento postup osvojilo vice nez 50 000 drobnych rolnikt z vychodni Afriky,
kde se vynosy kukufice zvysily z asi 1 t/ha na 3,5 t/ha, cehoz bylo dosazeno
s minimalnimi vstupy. Dfive méla vétSina drobnych zemédélct potize skli-
dit dost na to, aby nasytili své rodiny, ale nyni mohou prebytky prodavat na
trhu. Péstovani doprovodnych plodin také dobfe vyhovuje ¢iroku a ryzi,
kterd je mimorddné nachylnd na napadeni strigou. ObtiZe ale pretrvavaji.
Zavedeni doprovodnych rostlin vyzaduje zpocatku tézkou praci. Nez mo-
hou farmafi zasit své plodiny, musi se jim uchytit dochan a zachytné travi-
ny. I zajisténi dostatku semen dochanu muize byt problém, ackoli nékolik
farmar zjistilo, jak 1ze dochan mnozit vegetativné.

Konven¢ni $lechténi rostlin ma dosud klicovy vyznam (okénko 1).
K vyvoji novych odrtid plodin se pouzivalo stovky let, ma ale sva omezeni.
Prvni obilny hybrid vznikl roku 1799; hybrid mezi p$enici a zitem byl vy-

vvvvvv

tageneze vyuzivajici rentgenové zareni prinesla roku 1927 nejoblibenéjsi
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these crops are grown by subsistence farmers who cannot afford expensive
witchweed controls, and who therefore suffer much as a result of this patho-
gen. A non-GM approach has been successfully developed which uses Stri-
gAway maize technology”. Maize seed is coated with low-dose imazapyr,
a systemic herbicide. As the seed germinates it absorbs some of the herbi-
cide, stimulates Striga to germinate which attaches to the maize root and is
killed before it can cause damage. Herbicide that is not absorbed by the
maize plant diffuses into the soil and kills Striga seeds that have not germi-
nated.

Another promising technology that is economical and based on locally
available selected plants rather than on expensive external inputs is push-
pull intercropping which fits well with traditional mixed cropping systems
in Africa®. This is a novel cropping system developed for integrated soil,
pest and weed management in cereal-based farming systems. Natural
chemicals from Napier grass planted adjacent to maize pull in moths to lay
eggs, while natural chemicals from the silverleaf legume, Desmodium,
which is planted between rows as an intercrop, repels moths. To date the
technique has been adopted by over 50,000 smallholder farmers in East
Africa where maize yields have increased from about 1 t/ha to 3.5 t/ha,
achieved with minimal inputs. Most smallholders had struggled before to
harvest enough to feed their families but now can sell the surplus in the
market. Companion cropping also fits well with sorghum and rice which is
extremely susceptible to Striga. Difficulties remain; setting up companion
cropping requires hard work at the beginning. Farmers have to establish
desmodium and trap grasses before they can plant their crop. Sourcing
enough desmodium seeds can be a problem too, although several farmers
have established how to propagate desmodium vegetatively.

Conventional plant breeding is still crucially important (Box 1). It has
been used to develop new varieties of crops for hundreds of years but it has
limitations. The first cereal hybrid was formed in 1799; the hybrid between
wheat and rye was produced in 1876 (now the world’s principal cereal
variety); mutagenesis using X-rays in 1927 yielded the UK’s favourite varie-
ty for brewing - a few of the highlights which have had a tremendous
impact on agricultural productivity over the last decades. The limitation of
conventional plant breeding means that breeding can only be done between
two plants that can sexually mate with each other. This limits the new traits
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britskou pivovarnou odriidu - toto je jen par z nejpozoruhodnéjsich uda-
losti, které mély v minulych desetiletich ohromny dopad na produktivitu
zemeédélstvi. Mezi omezeni konvenc¢niho $lechténi rostlin patfii to, Ze je lze
pouzit pouze mezi dvéma rostlinami, které se mohou vzajemné pohlavné
krizit. To omezuje nové vlastnosti, jez 1ze pridat k tém, které u daného dru-
hu jiz existuji. Kdyz se rostliny zkfizi, potom spolu s vlastnosti, jez je pred-
métem naseho zdjmu, se pfendseji i mnohé dalsi vlastnosti véetné téch, kte-
ré maji nezadouci uc¢inky na potencialni vynosnost. Atraktivni je také mo-
lekularni $lechténi na zakladé selekce pomoci markerti (MAS), jeho zabér
je ale téZ omezen. Funguje pouze u vlastnosti, které jsou u dané plodiny jiz
pfitomny, a nelze jej Gcinné pouzit u plodin, které se mnozi vegetativné,
protoze jsou neplodné nebo se jejich potomstvo nepodoba svym rodi¢tim
(jamy, bandny, plantainy, bataty a maniok).

Okénko 1: Srovndvaci souhrn charakteristik postupt pri slechténi rostlin

Konvencni Slechténi znamena nahodné a nefizené zmény v disledku krizeni
¢i mutageneze a selekce, bez posuzovani rizik.

Geneticky pozménéné plodiny s novymi vlastnostmi jsou spojeny s:

genetickym inzenyrstvim (GE) — obndsi specifické nefizené zmény ge-
nomu zaclenénim cisgenické DNA (tentyZ genofond), selekce, vysoka
uroven regulace a posuzovani rizik.

novymi postupy Slechténi rostlin (NPBT) — obndseji specifické fizené
zmény genomu zahrnujici ¢i nezahrnujici zaclenéni DNA nebo muta-
genezi na ur¢eném misté a selekci, regulacni pozadavky (prochazeji
revizi).

Z posedlosti médii GM plodinami jakoby plynulo, Ze jsou jedinou na-
déji na zajisténi potravin. Z dosavadnich zjisténi plyne, ze pravdépodobné
nebude nalezen Zadny vselék, ktery by zvysil vynosy, zajistil adaptaci na
ménici se podnebi a zvysil vyzivovou hodnotu plodin. Vyspélé slechténi
rostlin bude pouze jednou ze slozek celého spektra technologii, které zde
budou kli¢ové. Myslenka stojici za GM plodinami spociva ve vyprojektova-
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that can be added to those that already exist in that species. Also, when
plants are crossed, many traits are transferred along with the trait of interest
including traits with undesirable effects on yield potential. Molecular bree-
ding through marker assisted selection (MAS) has become attractive but it
is also limited in scope. It only works for traits already present in a crop, and
it cannot be used effectively with crops which are vegetatively propagated
because they are sterile, or their offspring do not resemble the parents
(yams, bananas, plantain, sweet potato, and cassava).

Box 1 Summary of comparative features of plant breeding technologies

Conventional breeding involves random and undirected alterations throu-
gh crossing or mutagenesis, selection, no risk assessment.

Genetically altered crops with new traits involves:

Genetic engineering (GE) - specific undirected genome alterations by
integration of cisgenic (same gene pool) DNA, selection, high level re-
gulation and risk assessment.

New plant breeding techniques (NPBT) - specific directed genome al-
terations with or without DNA integration or site-directed mutagene-
sis, selection, regulatory requirements (under review).

The preoccupation of the media with GM crops implies that they are
the only prospect for addressing food insecurity. The evidence so far is that
no silver bullet is likely to be found for yield increases, adaptation to clima-
te change and improved nutritional quality. Advanced plant breeding will
be only a part of a range of technologies that will be essential. The idea be-
hind GM crops is the engineering of seed so that the plant counters new
pest and disease outbreaks, has increased drought tolerance, improved wa-
ter use efficiency, and increased nutrient uptake and nutritive value. These
are all crucial and legitimate targets for genetic engineers who seek to ad-
dress how to feed a growing global population. Examples of current re-
search trends are seen in the global approval for different types of crops for
food, feed and cultivation (Figure 3).
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GM Approvals 1992 - 2015

——Food
160 - Feed

140 4{ —Cult V4
120 / \H/
100 /

80 —\ '

Approvals

60 /
A
20 1 "

0 — — T

Obr. 3. Globalni trendy schvalovanych biotechnologickych plodin, 1992—-2015%.

ni takovych semen, aby se dané rostliny branily propuknuti nakaz a napa-
deni sktdci, aby 1épe snasely sucho, aby uc¢innéji vyuzivaly vodu, aby vstre-
bavaly vice zivin a mély vyssi nutri¢ni hodnotu. To vse jsou stézejni a opod-
statnéné cile genetickych inzenyrt, ktefi se snazi vyfesit problém, jak
nasytit rostouci globalni populaci. Ptiklady globalnich trendii soucasného
vyzkumu se odrazeji ve schvalovanych druzich plodin pouzivanych jako
potraviny ¢i krmivo a pro ucely dalsiho péstovani (obrazek 3).

Uspéchy genetického inzenyrstvi
Genetické inzenyrstvi se vyuziva po staleti. Genofond se ménil $ikovnym
vybérem nejlépe vypadajicich rostlin, které bylo mozné pouzit jako potra-
viny. Jisty druh kvasnic, ktery Babylénané pred asi 5000 lety ptidali k zrni,
pomohl spustit prvni biotechnologii — vyrobu piva. Diky moderni podobé
genetického inZenyrstvi systematictéji rozumime regulacnim mecha-
nizmim svéta, které jsou komplexni a jemné vyvazené. Organizmus je
mozné upravit tak, aby dosahl jisté miry pozménénych charakteristik (ma-
nipulo), nebo lze rostlinu vybavit néjakou novou vlastnosti, dosud v ptiro-
dé nevidanou (creatio ex existendo). Tento novy vytvor lze také chapat jako
pfeménu stavajictho vytvoru (creatio ex vetere).

Vysledkem tohoto vyzkumu a vyvoje byl vznik GM plodin s hmatatel-
nymi vyhodami. Metaanalyza 147 studii ukazala, Ze GM technologie
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GM Approvals 1992 - 2015
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Fig. 3. Trends in Global Approvals of Biotech Crops, 1992-2015%

Successes of genetic engineering.

Genetic engineering has been used for centuries. Gene pools were changed
by skilful selection of the best looking plants that could be used for food.
A variety of yeast added to grain about 5000 years ago by the Babylonians
helped biotechnology to get started with beer production. With modern
forms of genetic engineering we understand in a more systematic way the
controls of a world whose mechanisms are complex and delicately balan-
ced. An organism may be modified to have a certain quantity of altered
characteristics (manipulo), or a plant may be equipped with a new quality
never previously seen in nature (creatio ex existendo). This new creation
can also be seen as a transformation of the present creation (creatio ex ve-
tere).

The outcome of this research and development has been to produce
GM crops with tangible benefits. A meta-analysis of 147 studies showed
that GM technology in the main crops soybean, maize and cotton
increased crop yields by 22%, reduced chemical pesticide use by 37%,and
increased farmer profits by 68%?. Figure 4 shows the key findings of an-
other study.

Adoption of GM crops reduced pesticide spraying by 474 million kg
(-8.8%) and decreased the environmental impact associated with herbicide
and insecticide use on these crops by 18.3%. The release of greenhouse gas
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Obr. 4. Ekonomicky a ekologicky dopad GM plodin?’.

u hlavnich plodin - séjovych bobi, kukutice a bavlny - zvysila vynosy
sklizné o 22 %, omezila pouzivani chemickych pesticidi o 37 % a zvedla
zisk farmari o 68 %*. Obrazek 4 uvadi klicova zjisténi dalsi studie.

Zavedeni GM plodin omezilo rozprasovani pesticidti o 474 milionu kg
(-8,8 %) a snizilo ekologicky dopad spojeny s pouzivanim herbicidi a in-
sekticidti u téchto plodin o 18,3 %. Vypoustény objem sklenikovych plyni
se snizil v diisledku poklesu spotfeby paliva diky vyrobnim systémtum ,,bez
orby*, které vedly k ulozeni dal$iho uhliku v ptdé. Doslo k uspote 23 mili-
ard kg oxidu uhlicitého, ktery se neuvolnil do ovzdusi, coz odpovida odsta-
veni 10,2 milionu aut ze silnic po dobu jednoho roku (to se rovna 41 % aut
registrovanych ve Velké Britanii). Na trovni farem zde byl velmi vyznamny
¢isty globalni ekonomicky prinos v podobé nartstu zisku o 98,2 miliardy
dolart za obdobi sedmndcti let 1996-2012. Tento ekonomicky zisk pfipa-
dal rovnym dilem na farmare z rozvinutych i rozvojovych zemi®.

Ve svétle téchto mnoha prednosti GM plodin neni piekvapivé, ze pro-
ces jejich zavadéni coby zemédélské inovace byl jeden z nejrychlejsich v dé-
jinach a zemim, které tyto plodiny pfijaly mezi prvnimi - napfiklad USA,
Brazilii a Argentiné — pfinesl konkrétni vyhody. Pocet zemi z celého svéta,
které GM plodiny jiz prijaly, se zectyfnasobil z 6 v roce 1996 na 28 roku
2014. Osmnéct miliond zemédélct (90 % chudych malorolniki) vypésto-
valo 181 miliont hektart GM plodin ve 28 rtiznych zemich a rozvojové
zemé jich nyni celosvétové péstuji vic nez pramyslové zemé (obrazek 5).
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Fig. 4. Economic and environmental impact of GM crops?’

emissions was reduced through a decline in fuel use with ‘no tillage’ pro-
duction systems that led to more carbon stored in the soil. There was a sa-
ving of 23 billion kg of carbon dioxide no longer being released into the
atmosphere, which is equivalent to removing 10.2 million cars from the
roads for a year (equal to 41% of registered cars in the UK). There have
been very significant net global economic benefits at the farm level amoun-
ting to $98.2 billion increase for the seventeen year period 1996-2012.
These economic gains have been divided equally between farmers in devel-
oped and developing countries®.

In view of these many benefits, it is not surprising that the uptake of
GM crops as an agricultural innovation has been one of the fastest in his-
tory bringing particular advantages to the early adopters such as the USA,
Brazil and Argentina. Adoption figures worldwide have quadrupled from
6 countries in 1996 to 28 in 2014; 18 million farmers (90% small and
poor) grew 181 million hectares in 28 different countries; and developing
countries now grow more GM crops globally than industrial countries
(Figure 5). These examples confirm that GM crops can help to increase
food production and provide a major boost to farmer income and to the
economic value of the four major crops - soybeans, corn, cotton and
canola — with significantly reduced environmental impacts®.

Closure of the ‘yield gap’ mentioned earlier has to be one of the major
opportunities for improving food security since the gap can be as great as
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GLOBAL AREA OF BIOTECH CROPS
Million Hectares (1996-2014)
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A record 18 million farmers, in 28 countries, planted 181.5 million hectares (448 million acres)
in 2014, a sustained increase of 3 to 4% or 6.3 million hectares (~16 million acres) over 2013.

Obr. 5. NarUst péstovani GM plodin ve svété (miliony hektard, 1996-2014)%,.

Tyto priklady potvrzuji, ze GM plodiny mohou pomoci zvysit vyrobu po-
travin a vyznamné pozvednout pfijem farmara a ekonomickou hodnotu
¢tyt hlavnich plodin - s6jovych bobti, kukufice, bavlny a kanoly - za sou-
¢asného podstatného snizeni ekologickych dopada?.

Preklenuti ,,vynosové propasti“ zminéné vyse se musi stat jednou z vel-
kych prilezitosti pro lepsi zajisténi potravin, jelikoZ tato propast mtize v né-
kterych zemich Afriky, Asie a Jizni Ameriky dosahovat hodnot az 50-60 %%.
Vynosova propast znamend potencidlné moznou vyrobu minus vyrobu
v praxi (obrazek 6) a miize vzniknout urychlenym vyslechténim zdokona-
lenych odriid, lepsimi agronomickymi postupy a vnéj$imi vstupy. To vie se
stalo realitou bud na zakladé novych védomosti o rostlinném genomu, ob-
jevenim a naklonovanim klicovych gent, pouzivanim genovych markert
pro podporu selekce nebo transferem gent. V tomto ohledu péstitelé rost-
lin 1épe porozumeéli genetice vynosu sklizné a uméji dokonaleji manipulo-
vat se slozitymi vlastnostmi plodin.

Biotechnologické postupy prvni generace sestavaly z netransgennich
procedur (biochemické a genomické testovani, selekce za pomoci markert)
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GLOBAL AREA OF BIOTECH CROPS
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A record 18 million farmers, in 28 countries, planted 181.5 million hectares (448 million acres)
in 2014, a sustained increase of 3 to 4% or 6.3 million hectares (~16 million acres) over 2013.

Fig. 5. Growth of GM crops worldwide (million hectares, 1996-2014)%.

50-60% in countries in Africa, Asia and South America®. The yield gap
refers to the potential production minus field production (Figure 6) and
this can be achieved through accelerated breeding of improved varieties,
better agronomic practices and external inputs, all of which have become
realities either through new knowledge of plant genomes, the discovery
and cloning of key genes, the use of marker genes to aid selection, or gene
transfer. In these respects plant breeders have improved their understand-
ing of the genetics of crop yield and the capacity to manipulate complex
characters.

The first-generation biotechnological techniques consisted of non-
transgenic (biochemical and genomic screening, marker-assisted selection)
and transgenic procedures (genetic modification by exogenous DNA se-
quences) which successfully modified a few simple input traits in a small
number of commercial commodity crops leading to a reduction of chemi-
cal usage to control destructive pests and diseases. GM cotton as a cash
crop has had qualified success and increased overall the incomes of farmers
and processor. Where lessons have been learned, plant biotechnology pro-
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Yield Gaps Model

Differences in crop management
(can be narrowed by technology transfer)

PlRIA ——sr
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Obr. 6. Vynosova propast ve svété a navrhované zpUsoby, jak ji preklenout?.

a transgennich procedur (geneticka modifikace na zakladé exogennich sek-
venci DNA), jez tspésné modifikovaly par jednoduchych vstupnich vlast-
nosti malého poctu komeréné obchodovanych plodin, coz vedlo ke snizeni
spotfeby chemikalii branicich urodu pred ni¢ivymi $ktidci a chorobami.
GM bavlna jakozto trzni plodina dosahla omezeného uspéchu a zvysila
uhrnny prijem farmari a zpracovatelt. Tam, kde se poucili, postoupily pro-
gramy biotechnologie rostlin od svého vzniku vyrazné kupredu a diky vy-
znamnym investicim pokracuji dal*.

Zahy se objevily GM technologie druhé a tfeti generace s cilem zvysit
uzitek pro spotftebitele zlepSenim dostupnosti potravin a vy$si nutri¢ni kvali-
tou. Tyto nové technologie $lechténi (NBT*') umoznuji pfenos genti z téhoz
nebo pribuznych druhi (cisgeneze) misto jinych zdroju (transgeneze) (obra-
zek 7). Vlozit je mozné kédujici sekvenci genu téhoz druhu. Cilenych mutaci
1ze dosahnout pouzitim nukleazy zinkového prstu nebo efektorové nukleazy
podobné transkripénimu aktivatoru (TALEN). Editace genu umléenim gent
metylaci DNA vyvolanou RNA, naroubovanim geneticky nemodifikovaného
$tépu na GM podnoz a daldich genovych technik vyuzivajicich enzymovy
komplex CRISPR/Cas (Clustered Regularly Interspersed Short Palindromic
Repeats) to vse jsou soucasti stale se rozsitujici sady genetickych nastroju,
jejimz cilem je ménit genom presnéji, konkrétnéji a spolehlivéji (okénko 2).
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Yield Gaps Model

Differences in crop management
(can be narrowed by technology transfer)
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Fig. 6. The yield gap globally and proposed ways to reduce it %

grammes sustained by substantial investments show significant progress
since the early days™.

Second/third-generation GM technologies have emerged rapidly with
the aim to enhance greater consumer benefit through increased food availabi-
lity and improved nutritional quality. These new breeding technologies
(NBT?!) allow genes to be transferred from the same or related species (cisge-
nesis) instead of different sources (transgenesis) (Figure 7). The coding region
of a gene from the same species can be inserted. Targeted mutations can be
achieved using zinc-finger nuclease or Transcription Activator-Like Effector
Nuclease (TALEN). Gene editing by gene silencing using RNA-induced DNA
methylation, the grafting of a non-GM scion onto a GM rootstock, and other
gene techniques using Clustered Regularly Interspersed Short Palindromic
Repeats (CRISPR/Cas) are all part of an ever-expanding genetic toolbox that
aims to change genomes in more precise, specific and reliable ways (Box 2).

Of increasing importance is the application of plant breeding techni-
ques to overcome deficiencies in dietary micronutrients by producing con-
sumer benefits through the production of nutrient-dense food fortified
with iron, zinc and vitamin A (‘biofortification). The process has already
been developed in rice, cassava, maize, and sweet potato (provitamin A)
and beans, pearl millet, rice and wheat (iron and zinc).
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Cisgenesis — introduces DNA from plants
that can cross with the host plant

Transgenesis — introduces Intragenesis — introduces DNA from plants
DNA from species that do not that can cross with the host plant but which
cross with the host plant has been reorganised before insertion

\ J \ J
Y

host genome host genome

Obr. 7. Schematicky diagram tfi rGznych forem genetické transformace (transgeneze,
cisgeneze a intrageneze)®.

Roste vyznam vyuziti postupit slechténi rostlin k prekonani nedostat-
ku dietarnich mikronutrientd a dosazeni dalsich vyhod pro spotfebitele
vyrobou potravin bohatych na ziviny a posilenych o Zelezo, zinek a vitamin
A (,,biofortifikace**?). Tento postup byl jiz vyvinut pro ryzi, maniok, kuku-
fici a sladké brambory (provitamin A) a fazole, dochan klasnaty, ryzi a pSe-
nici (Zelezo a zinek).

Nejznaméjsim prikladem tohoto originalniho transgenniho pfistupu
k biofortifikaci je ,,zlata ryze® posilend o provitamin A. Po neuvéftitelné dlou-
hé dobé schvalovani, kterou protahly destruktivni imysly aktivista vystupu-
jicich proti GM, mezi néz patfilo i niceni pokusnych plodin na Filipinach, se
ocekava, ze zlata ryze bude na Filipinach k dispozici béhem nasledujicich
dvou let*. Mezi organizace vénujici se kladiim zvy3eni nutri¢ni kvality potra-
vin ku prospéchu lidstva patfi konsorcium HarvestPlus a Partnerstvi pro vi-
tamin A pro Afriku (VITAA). Portfolio v odvétvi sdjovych bobii zahrnuje
také mnohé dalsi budouci nové vlastnosti, které jsou potencialné prinosné
pro lidské zdravi, v¢etné pritomnosti kyseliny omega-3 stearidonové (kardio-
vaskularni choroby) a nizkého obsahu rafindzového skrobu (cukrovka).

Povzbuzujici signaly se objevuji v africkych zemich, kde je nejvétsi po-
tfeba i moznosti péstovani GM plodin® (okénko 3). Jejich vyzkumu, vyvo-
ji a komer¢ni vyrobé se aktivné vénuji ve tfech africkych zemich, omezené-
mu testovani v terénu v 7 zemich, uzavienému vyzkumu v pfinejmensim
14 a rozvoji prislusnych kapacit v nejméné 27 zemich. Typickym prikladem
je fazolka ¢inska, nativni africkd plodina, jiz se dafi pfi obdélavani oblasti
s nizkymi srazkami, pficemz 74 % svétové produkce pochazi z Afriky,
zvlasté z Nigérie a Nigeru. Péstuji ji miliony zemédélcti, zeny i muzi, a kon-
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Cisgenesis — introduces DNA from plants
that can cross with the host plant

Transgenesis — introduces Intragenesis — introduces DNA from plants
DNA from species that do not that can cross with the host plant but which
cross with the host plant has been reorganised before insertion
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Fig. 7. Schematic diagram of the three different forms of genetic transformation
(transgenesis, cisgenesis and intragenesis) 3

The best known example of this original transgenic approach to-
wards biofortification is ‘Golden Rice’ fortified with provitamin A. After
an incredibly protracted period in the regulatory process which has been
prolonged by the destructive intentions of anti-GM activists which inclu-
ded the destruction of experimental crops in the Philippines, Golden Ri-
ce is expected to be available in the Philippines within the next two ye-
ars*. Organisations committed to the positive advantages of enhancing
the nutritional quality of food for the benefit of humankind include the
HarvestPlus consortium and the Vitamin A partnership for Africa
(VITAA). The portfolio of the soybean industry also includes many other
future novel traits with potential benefits for human health including
omega-3 stearidonic acid (for cardiovascular disease) and low Raff-starch
(for diabetes).

Encouraging signs are emerging in African countries where the need
and opportunities are greatest” (Box 3). GM crop research, development
and commercial production is being actively pursued in three African
countries, confined field testing in 7, contained research in at least 14 and
a developing capacity in at least 27. Cowpea is a case in point, a native crop
of Africa which thrives in low rainfall agriculture with 74% of world produ-
ction in Africa, especially Nigeria and Niger. Millions of farmers grow it,
women as well as men, and it is consumed by about 200 million Africans.
The aim of ongoing research is to provide high yielding cowpea varieties
which have an increased resistance to insect pests. The expectation is that
cowpea lines with resistance to Maruca vitrata will contribute significantly
to increased production and incomes, improved nutrition, enhanced soil
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zumuje ji okolo 200 miliont Afri¢ant. Cilem pokracujiciho vyzkumu je
zajistit odrudy fazolky s vysokymi vynosy, které by mély zvysenou odolnost
proti hmyzim $kadctim. Ocekava se, ze linie fazolky odolné vii¢i mire Ma-
ruca vitrata vyrazné prispéji k nartistu vyroby a pfijmi, ke zlepseni vyzivy,
posileni irodnosti ptidy, vyssi kvalité uskladnéni a zlepseni zdravi lidi i sta-
vu ptirody kvili poklesu pouzivani pesticida™®.

Dalsi dukazy toho, Ze GM plodiny by mohly pomoci nasytit zemé
v rozvojovém svété, nachazime v tom, co se rozbiha v Africe®”** *. Napfti-
klad portfolio Africké nadace pro zemédeélské technologie (AATF) se skla-
da z transgennich plodin v¢etné kukufice odolné proti suchu a hmyzu
(WEMA), fazolky ¢inské odolné vii¢i hmyzu (PBR), ryze s u¢innéjs$im vyu-
zivanim vody a schopnosti snaset sil (NEWEST) a bananu odolného vici
bakteriim Xanthomonas vyvolavajicim vadnuti bananovniki (BXW). Cel-
kové se odhaduje, Ze existuje asi 20 aplikaci transgennich rostlin s vlast-
nostmi, které by zajistily odolnost vii¢i suchu, slanosti, houbam a virim
i zvy$enou nutri¢ni hodnotu, pfi¢emz je tu perspektiva, ze s rozvojem no-
vych slechtitelskych technologii ptijdou dalsi vyhody?*..

Okénko 2: Nové postupy pFi slechténi rostlin®'.

Metoda zinkovych prstU (fizené Stépeni a manipulace s DNA, mistné fizena
nukleaza)

Oligonukleotidem tizena mutageneze (presné fizené bodové mutace,
ODM)

Cisgeneze/intrageneze (geny pfipadné komplementarni DNA sexualné
kompatibilnich druhd)

Metylace DNA podminéna RNA (miRNA, RNA interference a vlasenkova
RNA pro DNA metylaci)

Roubovani (roubovani na GMP podnoz)
Zpétné slechténi (oddéleni rodi¢ovskych genotypl potlacenim meidzy)

Agroinfiltrace (pfechodna exprese transformovanim pomoci bakterie
Agrobacterium)

Synteticka genomika (biologie; transplantace gent a genomu syntetizo-
vanych in vitro)
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fertility, better storage qualities, and improved human and environmental
health through decreased pesticide use*.

Further evidence that GM crops could help to feed countries in the
developing world is found in the content of the African pipeline’”***. For
example, the African Agricultural Technology Foundation (AATF) portfo-
lio consists of transgenic crops including maize with drought and insect
resistance (WEMA), cowpea with insect resistance (PBR), rice with water-
use efficient and salt tolerance (NEWEST), and banana with resistance to
banana Xanthomonas wilt bacteria (BXW). Altogether it is estimated that
there are some 20 applications for transgenic plants with traits that would
provide resistance to drought, salinity, fungi and viruses, as well as enhan-
ced nutritive value, with the promise of more to come with the advances in
the new breeding technologies®.

Box 2 New Plant Breeding Technique*'

Zinc Finger Nuclease (ZFN) Technology (directed cleavage and manipu-
lation of DNA, SDN)

Oligonucleotide Directed Mutagenesis (precisely directed point muta-
tions, ODM)

Cisgenesis/Intragenesis (genes/cDNAs of sexual compatible species)

RNA-dependent DNA methylation (miRNA, RNAi and hairpin RNA for
DNA methylation)

Grafting (grafting on a GMP rootstock)

Reverse Breeding (isolate parental genotypes by suppression of meio-
sis)

Agro-Infiltration (transient expression by Agrobacterium transforma-
tion)

Synthetic Genomics (Biology) (transplantation of in vitro synthesized
genes and genomes)

Net economic benefits have been demonstrated in several cases but the
results can be variable depending on crop, trait, location and producer.
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V nékolika pripadech byl prokazan cisty ekonomicky ptinos, vysledky
se ale mohou ménit podle plodiny, vlastnosti, mista a vyrobce. Jde o ptipo-
minku toho, Ze véda neni jednoducha a Ze s ohledem na znepokojivy dopad
celosvétovych zmén podnebi v africkych zemich se nam nedostava casu.
Jelikoz tyto moderni osevni materidly mohou potencialné zvysit vynosy
a snizit mzdové naklady, prinaseji nadéji, ze nam pomohou preklenout vy-
nosovou propast v africkém zemédélstvi a zajisti vétsi ekonomickou neza-
vislost a socialni rozvoj zemédélcim chycenym jinak do pasti samozasobi-
telského hospodareni. Abychom vsak z vyhod téchto novych technologii
mobhli tézit, bude tfeba minimalizovat ndklady na regulaci®.

Okénko 3: NejdiileZitéjsi fakta o GM plodindch
v Africe v letech 2014-15%.

Ghana: Ztizen Statni Urad pro biologickou bezpecénost; posun v otdzce
fazolky cinské, ryze, baviny.

Nigérie: Podepsan zakon o biologické bezpecénosti, jmenovan reditel

Statni spravy pro biologickou bezpecnost.

Keria: Podana Zadost o umoznéni distribuce kukufice WEMA; posun
v otdzce zruseni zdkazu.

Uganda: Posun v otazce zdkona o biologické bezpecnosti; rozsifeni
portfolia uzavienych test(.

Tanzanie: Reformy predpistd o biologické bezpecnosti; pokrok v otaz-
ce uzavienych test kukufice WEMA.

Malawi: Schvaleny uzaviené testy fazolky Cinské; Zadost o umoznéni
distribuce baviny odrady Bollgard.

COMESA: V unoru 2014 byla prijata spolecna politika v otdzce biotech-
nologii a biologické bezpecnosti; v breznu 2015 schvalily zainteresova-
né clenské staty plan jejiho zavadéni.

Dezinformace, hrozba pokroku
Jako u mnoha jinych novych technologii nam historie ika, ze lidé dychti
objevit a prijmout jejich vyhody, ale maji obavy ohledné prislusnych nebez-
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They are a reminder that the science is not simple, and that time is in short
supply in view of the alarming effects of global climate change in African
countries. As these modern planting materials have the potential to increa-
se yields and reduce labour costs, they offer the prospect of helping to close
the yield gap in African agriculture, and providing greater economic inde-
pendence and social development for farmers otherwise locked into subsis-
tence agriculture. The costs of regulation will need to be minimised, howe-
ver, to gain from the benefits of the new technologies®.

Box 3. Highlights of GM crops in Africa 2014-15%

Ghana: National Biosafety Authority established; progress for cowpea, rice,
cotton

Nigeria: Biosafety Act signed & NBMA CEO appointed

Kenya: WEMA/maize general release application submitted; progress on
lifting ban

Uganda: Progress on Biosafety Bill; expanding CFT portfolio

Tanzania: Reforms to Biosafety Regulations; progress towards WEMA/
maize CFT

Malawi: Cowpea CFT approved; Bollgard cotton general release appli-
cation

COMESA: Common policy on biotech/biosafety adopted Feb.2014;
implementation plan endorsed by member-state stakeholders March
2015

Disinformation, a threat to progress

As with many new technologies, history tells us that people are keen to
identify and embrace the benefits but harbour concerns about hazards and
risks. Appleyard *° wrote in the early years of a genocentrism that had be-
come a dominant orthodoxy, genetics being credited with determining
everything from sexual orientation to criminal behaviour to religious be-
lief. Genes gave biology a basic unit in the same way as the physicist’s atom,
he argued. In this way ‘the genetic future lies in the ability to explain how
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peciarizik. Bryan Appleyard®, ktery psal v prvnich letech obdobi genocen-
trizmu - ten se stal pfevladajicim ortodoxnim nazorem a genetice pfipiso-
val, Ze urcuje vSe od sexualni orientace, pres kriminalni chovani az po na-
bozenské presvédcéeni — tvrdil, Ze geny davaji biologii zakladni jednotku
stejné jako fyziktv atom. Takto ,,spociva geneticka budoucnost ve schop-
nosti vysvétlit, jak fungujeme, jak nase geny urcuji vysku, vzhled pokozky,
barvu o¢i a nachylnost k nepfijemnym chorobam, jako je rakovina prostaty
¢i prsu. Mame-li geny dlouhovékosti, tfeba nam pomohou dozit se pristiho
stoleti, pokud si to budeme opravdu prat.“ Appleyard prohlasoval, ze
z DNA se asi sotva stala magie, jako je astrologie, ale stala se z ni mocna
kulturni ikona®*.

Tuto myslenku shrnuje nasledujici futuristicka historka (lehce uprave-
na), jiz vypravél Baruch Blumberg, nositel Nobelovy ceny a byvaly poradce
prezidenta Spojenych stati. Fiktivni Carl Jenson, ktery Zije v roce 2020, je
na pési dovolené s rodinou. V jednom zahal¢ivém okamziku si vybavi, Ze
byl dokoncen Projekt lidského genomu. Jenson ma vypisy individualizova-
nych preventivnich 1éki, individualizované vyzivy a individualizovaného
rozpoznavani vzorci chovani. Nedavno si koupil personalizovany Ccip,
v némz nosi veskeré relevantni informace o svém genomu. Po dlouhém dni
v horach sedi u ohné u jezera Granite Lake s krabici trvanlivého mléka ge-
neticky vyprojektovaného tak, aby obsahovalo hodné energie, malo tuku
a zadné alergeny. Opéka si krasnou rybu, kterou predtim chytil a kterd je
geneticky vyprojektovana tak, aby dobfe rostla v prostiedi s kratkym vege-
tacnim obdobim, ve velké nadmorské vysce a se studenym pocasim a aby
poskytovala kvalitni proteiny kompatibilni s jeho okamzitymi pozadavky
na vyzivu. Prohlédne si posledni vypis ze svého ¢ipu a prizna vsem, ktefi
jsou v doslechu: ,,No, nau¢il jsem se vyjit s tim, co mam.*

Socialni sité¢ dnes poskytuji prostiedek k $ifeni informaci rychlosti
svétla a bez potreby potvrzovat jejich pravdivost. Prijemci takovych infor-
maci musi vyhodnotit, zda to, co ¢tou, je pravda, ¢i smyslenka. Muze jit
o dezinformace, které jsou IZivé, nebo o nepfesné informace, které se rozsi-
fily neamyslné. MizZe jit o dezinformace, jez jsou umyslné 1zivé, nebo o ne-
presné informace, které jsou $ifeny zamérné. Nevladni organizace Action
Aid UK, ktera pracuje v Ugandé, nedavno pouzila obrazky krys s nadory
jako soucast nepravdivé medialni kampané, aby zabranila legalizaci GM
plodin v této zemi*'. Kampan byla spusténa v dobé, kdy ugandsti poslanci
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we function, how our genes determine height, the complexion of skin, the
colour of eyes, and susceptibility to unpleasant diseases such as prostate
cancer or breast cancer. If we possess longevity genes perhaps they will help
us to live into the next century if that is what we really want. Appleyard’s
contended that DNA has hardly become magic, like astrology, but it has
become a powerful cultural icon®.

This idea is summarized in the following futuristic story (slightly
adapted) told by Baruch Blumberg, Nobel Laureate and former Advisor to
the President of the United States. The fictitious Carl Jenson, living in 2020,
is on a walking holiday with his family. In an idle moment he recalls that the
Human Genome Project has been completed. He has individualised pre-
ventive medicine, individualised nutrition and individualised behaviour
recognition read-outs. He has recently bought a personalised chip that car-
ries all his relevant genomic information. After a long day in the moun-
tains, he sits around the campfire at Granite Lake, with his carton of long
lasting milk genetically engineered to be high energy, low fat and allergen
free. He fries the beautiful fish he caught earlier, genetically engineered to
encourage growth in an environment with a short growing season, high
altitude, and cold weather, and to provide high quality protein compatible
with his immediate nutritive demands. He examines the latest read-out
from his chip and admits to all within earshot — “Well, I've learned to get
along with what I have’

These days, social networking provides a means to spread information
at the speed of light and without the need to confirm its veracity. Recipients
of such information need to evaluate if what they read is truth or fiction. It
may be misinformation which is false, or inaccurate information that is
spread unintentionally. It may be disinformation which is intentionally
false or inaccurate information that is spread deliberately. Action Aid UK,
a non-governmental organisation (NGO) working in Uganda recently used
pictures of rats with tumours as part of an untruth media campaign to pre-
vent GM crops being legalised in that country’. The campaign was
launched at a time when Ugandan parliamentarians were beginning to de-
bate the Biotechnology and Biosafety Bill that would provide a regulatory
framework for the release and adoption of GM crops. The evidence used by
Action Aid UK derived from the discredited research of Seralini in France
which was subsequently retracted*>*. Action Aid UK’s apologised saying
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zacinali projednavat zakon o biotechnologiich a biologické bezpec¢nosti,
ktery by dal normativni ramec distribuci a zavedeni GM plodin. Diikazy,
které organizace Action Aid UK pouzivala, pochazely ze zdiskreditovaného
&anku Gilles-Erica Séraliniho z Francie, jenz byl nésledné stazen*>*. Acti-
on Aid UK se omluvila a uvedla, Ze manazer jeji kampané v Ugandé pripus-
til, ze podnécoval farmare, aby se stavéli proti zavedeni geneticky modifi-
kovanych banand, tim, Ze naznacoval, ze by mohly vyvolavat rakovinu.

Vice nez 2000 posudkt nezavislych védeckych instituci a akademi-
ka**> a dlouhodobych studii na zviratech?*** nepfineslo zadné dtikazy
o riziku pro zdravi lidi. Obvykle se ukazuje, Ze konsenzualni informace to-
hoto rozsahu maji dalekosahlé dusledky vyvazujici ucinek ideologického
pohledu na svét™, zda se ale, Ze pro GM plodiny to neplati. Uklidnéni sporti
kolem rizik nijak nezajima ,,obchodniky s pochybami $ifitele mylnych in-
formaci a dezinformaci ¢i romantiky z hnuti za potravinovou nezavislost,
ktefi propaguji oblibenou predstavu o ,,pravu lidi zvolit si sviij vlastni po-
travinovy systém®, dokonce i kdyby to znamenalo, Ze uviznou v utrapach
pasti chudoby®’. Zastavame-li extrémni nazory, muze nase predpojatost
podemlit nase zakladni rozumové schopnosti, takze nehledé na to, kolika
se nam dostane vysvétlujicich informaci, bude prekazkou, s niz se musime
vyporadat, spise to, jak pracuje nase mysl, nez ziskani dalsich udajt. Kvuli
zpolitizovanym usudkiim se mtize stat, ze budeme nepfistupni fakttim, kte-
ré odporuji nasim predsudkiim, takze sila emoce ziska navrch nad rozu-
mem™. Hluboce zakofenény odpor némeckych Zelenych vi¢i GM plodi-
nam z pocatku 90. let minulého stoleti pretrvava kvtili tomu, aby genetické
experimenty Treti FiSe jiz nikdy nezamotily Risi evropského kontinentu,
coz je hlas kultury, kterou jen zfidka oceni mimoevropské komentare ke
GM plodinam.

Negativizmus Evropy ovliviiuje Afriku

Evropsky negativizmus ohledné zemédélskych biotechnologii je interpreto-
van tak, Ze naznacuje, Ze na téchto technologiich je cosi, ¢eho bychom se
méli obavat, a tak bychom je méli udrzet mimo Afriku>. Diivody tohoto
negativizmu jsou Cetné a slozité. Uvaleni evropského moratoria na dovoz
potravin pochazejicich z GM plodin ze Severni Ameriky vedlo Calestouse
Jumu, kenského rodaka, profesora udrzitelného rozvoje z Harvardovy uni-
verzity a dobfe informovaného komentatora situace v Evropé k poznamece,
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that its campaigns manager in Uganda had admitted encouraging farmers
to oppose the introduction of genetically modified bananas by suggesting
they could cause cancer.

No evidence of human health hazards has emerged from over 2000
reviews by independent academies, academics ****¢ and long-term studies
in animals “** . Consensus-information of this dimension has usually
been found to have far-reaching consequences neutralizing the effect of
ideological worldviews™, but this seems not to apply to GM crops. Dissipa-
ting conflict over risk is of no concern for the ‘merchants of doubt, cam-
paigners in misinfomation and disinformation, or the romanticists of the
food sovereignty movement who promote a popular concept of ‘the right of
people to choose their own food system’ even if it means they are held
within the vicissitudes of the poverty trap®’. Where extreme views are held,
partisanship can undermine basic reasoning skills, so that however much
explicatory information is provided the hurdle to deal with is how our
minds work rather than loading more facts. Political judgements can make
us impervious to facts that contradict our preconceptions so that the power
of emotion over reason gains precedence®”. The deeply entrenched opposi-
tion of German Greens to GM crops in the early 1990s persists on the
grounds that never again shall genetic experiments of the Third Reich
infest the European continent Reich, a cultural voice rarely appreciated by
non-European GM-crop commentators.

Europe’s negativity affects Africa

European negativity about agricultural biotechnology has been interpre-
ted as indicating that there is something to fear about the technology, and
therefore it should be kept out of Africa®. The reasons for this negativity
are numerous and complex. Europe’s imposition of a moratorium on the
importation of GM crops as food from North America led Kenyan-born
and Harvard University Distinguished Professor of Sustainable Develop-
ment, Calestous Juma, a well informed commentator about the European
situation, to note that ‘African countries became equally cautious and
moved very slowly because of seeing what is happening in Europe. The
situation was compounded by Africa’s surprising obsequiousness towards
its colonial past, an unhelpful reaction when the growth of African agri-
cultural production per capita has been almost stagnant for many years
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Obr. 8. Zemédélska vyroba na osobu**.

ze ,africké zemé zacaly byt stejné opatrné a postupovaly velmi pomalu,
protoze vidély, co se déje v Evropé®. Situaci ztizila prekvapiva reakce Afriky,
ktera vychvaluje svou kolonialni minulost, coz nicemu nepomiize, kdyz zde
objem zemédélské vyroby na osobu mnoho let téméf stagnoval (obrazek 8)
kviili omezené dostupnosti technologii, investic, dopravy a trhii a nedosta-
tecné zajisténému vlastnictvi ptdy™.

Mezi dalsi faktory patii evropsky proces registrace GM plodin, ktery
zacal byt vlekly a ndkladny. Vychazi z principu prevence misto posouzeni
rizik, coz je skutecnost, jiz vyuzivaji natlakové skupiny odptirct GM potra-
vin k protahovani schvalovaciho procesu. Princip prevence urcuje, ze po-
kud je u néjakého postupu nebo strategie podezfeni, ze by potencialné
mohly ohrozit vefejnost ¢i Zivotni prostiedi, potom tiha dikazu, Ze skodli-
vé nejsou, spociva na téch, ktefi s timto postupem prisli.

Je to politika a nikoli véda, co i nadéle dominuje debaté o GM plodi-
nach. Dovoz GM plodin do evropskych zemi je povolen ve formé krmiva
pro zvirata (v soucasnosti se dovazi pres 60 kg produktt z geneticky modi-
fikovanych sojovych bobii na osobu), zatimco domaci vyroba GM plodin
urcenych k jidlu je nepfipustnd. Mezi vyjimky patfi nékteré linie GM kuku-
fice, které EU schvilila v roce 1997, takze osevni plocha GM kukuftice ve
Spanélsku dnes ¢ini 79 269 hektar. V mensim rozsahu probihd péstovani
v Ceské republice, Portugalsku a Némecku. Tyto linie GM kukufice chran{
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(Figure 8) because of limitations in the availability of technology, invest-
ment, transportation, markets and security of land rights®.

Other factors include the European process of registration of GM
crops which has become lengthy and expensive. It is based on the precauti-
onary principle rather than risk assessment, a fact that is utilised by the
anti-GM lobby to prolong the approval process. The precautionary princi-
ple states that if an action or policy has a suspected risk of causing harm to
the public or to the environment, the burden of proof that it is not harmful
falls on those taking the action.

Politics rather than science continues to dominate the debate about
GM crops. Importation of GM crops into European countries is permitted
as animal feed (currently over 60kg GM-soya bean products per citizen are
imported) whereas the internal production of GM crops for human con-
sumption is disallowed. Exceptions include lines of GM maize which were
approved in the EU in 1997 so that today’s GM maize production in Spain
amounts to 79,269 hectares. Production is now taking place to a lesser
extent in the Czech Republic, Portugal and Germany. These lines of GM
maize provide protection against the European corn borer the larvae of
which cause extensive damage to the stalks and cause the plant to collapse.
The damage also facilitates the entry of fungal diseases that can lead to the
presence of poisonous mycotoxins. Slovenia and Cyprus are big importers
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pred zavijecem kukufi¢nym, jehoz larvy zpisobuji rozsahlé poskozeni
stonkd a jsou pri¢inou zhrouceni celé rostliny. Toto poskozeni také usnad-
nuje nastup plisnovych chorob, které mohou vést k vyskytu jedovatych my-
kotoxind. Velkymi dovozci krmné kukufice jsou Slovinsko a Kypr, ale
v evropskych institucich opakované hlasuji proti védé. Nizozemi, Spanél-
sko, Portugalsko a Irsko jsou také velci dovozci a hlasuji pro védu. Némec-
ko, Dansko a Belgie jsou velci dovozci a zdznamy o jejich hlasovani vykazu-
ji nestalost. Mezi objemem obchodu a pristupem k hlasovani neni zadny
jasny vzajemny vztah. Hlasovani nesouvisi s potfebami farmaru a spotfebi-
teltl, nybrz s politickym imperativem, jenz se ridi pfedevsim hlasy volic¢t.
Africké staty vyslovily obavu ohledné pristupu na evropské trhy, pokud se
budou v Africe péstovat GM plodiny, avséak GM produkty lze zjevné do
Evropy dovazet jako krmivo pro zvifata. Africké zemé navic jiz nyni hodné
potravin dovazeji, takze je tu mnoho prilezitosti k obchodovani v ramci
kontinentu.

Zemédélstvi je na africkém kontinentu klicovym vyrobnim odvétvim,
které k HDP prispiva vice nez 25 % a zaméstnava kolem 60 % pracovni sily.
Zprava Africa Progress Report 2014 — Grain, Fish, Money: Financing Afri-
ca’s Green and Blue Revolutions zduraznuje, Ze zemédélstvi musi byt v Afri-
ce jadrem transformace, protoze ,,bez vzkvétajictho zemédélského sektoru
bude vétsina Afri¢anti od vlny rostouci prosperity odfiznuta“®. Lidfi Afric-
ké unie (AU) se na vrcholném setkani v mozambickém Maputu v roce 2003
odvazné zavazali zvratit nedostatek investic v zemédélském sektoru, které
byly tak dlouho odklddany. Predstavitelé téchto stati se dohodli, Ze nejmé-
né 10 % statniho rozpoctu vycleni na zemédélstvi a dosdhnou alespon 6%
rustu zemédélstvi ro¢né. Osmnact zemi dnes dava vice nez 5 % statnich
vydaji do rozvoje zemédélstvi, ale rozhodnuti Africké unie z Maputa plni
pouze osm zemi.

Africké zemé by mohly mit ze zavedeni GM plodin uzitek, jak se uka-
zalo v Jizni Americe na ptikladu pozoruhodné rychlého pfijeti v Argentiné
a Brazilii. Zatim jen mélo africkych zemi zavedlo legislativu a statni regula-
torni postupy zajistujici biologickou bezpecnost, ackoli 45 z nich roku 2009
ratifikovalo doplnék Umluvy o biologické rozmanitosti — Cartagensky proto-
kol o biologické bezpecnosti, mezindrodni dohodu, ktera zajistuje bezpec-
nou manipulaci s zivymi modifikovanymi organizmy (LMO), jejich pre-
pravu a pouzivani. Po signatarich Cartagenského protokolu se pozaduje,
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of maize for animal feed but they repeatedly vote in the European instituti-
ons against the science. The Netherlands, Spain, Portugal and Ireland are
also big importers and vote in support of the science. Germany, Denmark
and Belgium are big importers and have variable voting records. There is
no clear correlation between trade volume and voting behaviour. Voting
correlates not with farmers’ and consumer needs but with political impera-
tives guided primarily by constituents’ votes. Fears have been expressed in
African countries about access to European markets if GM crops are grown
in African countries, but clearly GM products can be imported into Europe
for animal feed. Moreover, African countries already import much of their
food for human consumption so plenty of opportunities exist for intra-con-
tinental trade.

Agriculture is a key industry in the African continent contributing
over 25% of GDP employing about 60% of the labour force. The Africa
Progress Report 2014 — Grain, Fish, Money: Financing Africa’s Green and
Blue Revolutions’ — emphasizes that agriculture must be at the heart of
transformation in Africa because ‘in the absence of a flourishing agricul-
tural sector, the majority of Africans will be cut adrift from the rising tide
of prosperity’*. Leaders at the African Union (AU) summit in Maputo,
Mozambique in 2003, made a bold commitment to reverse the underin-
vestment in the agricultural sector which had been held back for so long.
Heads of State agreed to allocate at least 10% of national budgets to agri-
culture, and to achieve at least 6% annual agricultural growth. Eighteen
countries now allocate more than 5% of the national expenditure to agri-
culture development, but only 8 countries have complied with the AU-
Maputo decision.

African countries could benefit from the adoption of GM crops as
demonstrated in South America with the remarkably rapid uptake in
Argentina and Brazil. So far, few African countries have established Nati-
onal Biosafety legislative and regulatory procedures even though 45 rati-
tied the Cartagena Protocol on Biosafety to the Convention on Biological
Diversity in 2009, the international agreement which ensures the safe han-
dling, transport and use of living modified organisms (LMOs). Signatories
of the Cartegena Protocol are required to put in place appropriate and
effective legal measures and administrative structures or measures in
order to implement the Protocol effectively. Only in this way can GM
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Obr. 9. Zavadéni GM plodin v Africe.

aby zavedli vhodna a u¢inna pravni opatfeni a administrativni struktury ¢i
kroky, které povedou k efektivnimu zavedeni Protokolu. Jen tak mohou byt
GM plodiny péstovany komercné, coz dnes vidime pouze v Jizni Africe,
Sudanu a Burkiné Faso (obrazek 9).

Cilem nedavného projektu iniciovaného nadaci Johna Templetona by-
lo vénovat se otazce — Mohou ndam GM plodiny pomoci nasytit svét? Biovédy
v africkém zemédélstvi (www.B4FA.org). Jak jsme jiz poznamenali, pokrok
v genetice $lechténi rostlin zaloZeny na konven¢nich i transgennich postu-
pech zahajuje novou fazi vyroby potravin po celém svété a prinasi perspek-
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Fig. 9. Adoption of GM crops in Africa

crops be grown commercially, currently only found in South Africa, Su-
dan and Burkina Faso (Figure 9).

A recent project instigated by the John Templeton Foundation was de-
signed to address the question — Can GM crops help to feed the world? Bio-
sciences for farming in Africa (www.B4FA.org). As already observed, advan-
ces in the genetics of plant breeding by both conventional and transgenic
technologies are bursting open a new phase of global food production and
offer some prospect of being able to feed a burgeoning human population
of about 9 billion by 2050. Communication with the general public and
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tivu, Ze dokdzeme nasytit lidskou populaci, kterd se do roku 2050 rozroste
na asi 9 miliard lidi. Komunikace se $irokou vefejnosti i drobnymi rolniky
prostrednictvim médii je stézejni pro zajisténi potravin a zlepseni védo-
mosti o nakladech a ptinosu GM plodin. V ramci naseho neddvného pro-
jektu jsme ve ¢tyfech zemich — Ghané, Nigérii, Ugandé a Tanzanii — pora-
dali velice uspé$né kurzy pro mistni novinare a redaktory z rozhlasu, tele-
vize, novin a casopisti. Celkem 160 novinari, ktefi kurzy navstévovali, se
zacastnilo praktickych seminari, konferenci s africkym i Sir§im publikem
a exkurzi do asi 50 vyzkumnych instituci, komer¢nich i experimentalnich
zafizeni. Na tomto zakladé vzniklo vice nez 1000 publicistickych prispévka
a tato aktivita pokracuje dodnes.

Michael Ssali, spolupracovnik B4FA v medialni oblasti a zkusSeny zur-
nalista, jehoz pohled na GM plodiny se zménil, uverejnil ¢lanek, kde se
uvadi®®: ,,Hlavni potraviny a trzni plodiny sméruji k viplnému vyhynuti - jako
v pripadé Ugandy - pokud nebudou rychle podniknuty kroky ke zvrdcent této
situace. Jde o véc, kvili které zaZivaji obycejni africti farmdri, jako jsem ja
a moje Zena, bezesné noci a trapi se kviili klesajicim vynosiim svych sklizni. Je
potieba povzbudit a podporovat snahy o pouZiti biotechnologii za ticelem ge-
netické transformace plodin, aby byly odolné proti chorobdm ¢i suchu.

Dalsi prispévek z této série 33 esejii doklada napéti, které panuje mezi
Evropou a Afrikou: ,,Evropa je nejvétsim ddrcem prostredkii pro Afriku i nej-
vétsim dovozcem potravin z Afriky. Md znacnou silu pti prosazovdni svého tih-
lu pohledu u africkych viddnich i neviddnich organizaci. Vysledkem je to, Ze byl
ddle zanedbdvan rozvoj instituciondlni kapacity statnich systémii pro inovace
v zemédélstvi, Ze skoro nebylo podporovino nesmirné potiebné partnerstvi ve-
rejného a soukromého sektoru za ticelem zvyseni udrzitelné vyroby potravin, Ze
vyuzivani modernich biotechnologii v zemédélstvi ziistava pro mnoho afric-
kych vlad tabu a Ze v chudych venkovskych oblastech je zaméstnanost mimo
farmy generovana nikoli vzkvétajicim soukromym sektorem, nybrz diky rozsi-
fent instituci z verejného sektoru a zahranicnich nevlddnich organizaci.“”'

Oba citaty vyjadfuji prani nékolika africkych lidra véetné ugandského
prezidenta Museveniho spolu s mnoha farmari, Zurnalisty a akademiky,
aby biotechnologie byly v zajmu tohoto kontinentu pfijaty, ale odrazeji rov-
néz zdroje prekazek jejich zavadéni.
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with smallholder farmers through the media is a crucial element of food
security and an increased understanding of the costs and benefits of GM
crops. Our recent project held highly successful courses in four countries
- Ghana, Nigeria, Uganda and Tanzania - for regional journalists and edi-
tors from radio, television, newspapers and journals. Journalists who par-
ticipated, 160 in all, attended workshops, field trips to some 50 research
institutions, commercial and experimental facilities, inter- and intra-conti-
nental conferences, and generated more than 1000 journalists’ pieces, an
activity that continues until this day.

As reported in the published essay by B4FA Media Fellow, Michael
Ssali*, a senior journalist who had changed his view of GM crops - “Major
food and cash crops, like in the case of Uganda, are set for total extinction un-
less quick steps are taken to reverse the situation. This is an issue that gives
ordinary African farmers like my wife and I sleepless nights, worrying about
our dwindling crop yields. The efforts to apply biotechnology for genetic trans-
formation of the crops to make them disease or drought resistant must be
encouraged and supported’.

Another contribution in a 33 essay series illustrates the tension that
exists between Europe and Africa — “Europe is the largest donor in Africa as
well as the largest importer of food from Africa, it has considerable clout in
imposing its view on African government and non-government organizati-
ons. The result is that institutional capacity development of national agricul-
tural innovation systems have further been neglected, highly needed public-
private partnerships to increase food production in a sustainable way are
hardly encouraged, the use of modern biotechnology in agriculture remains a
taboo for many African governments, and off-farm employment in poor rural
areas is generated not by a flourishing private sector but thanks to the prolife-
ration of public sector bodies and foreign NGOs” ',

Both quotations convey the desire of several African leaders including
that of President Museveni of Uganda, together with many farmers, jour-
nalists and scholars, that biotechnology should be embraced for the be-
nefit of the continent, but they also reflect the source of barriers to adop-
tion.
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Otazky etiky

Neprekvapuje, ze africké medialni kurzy zminované vyse nastolily znamé
etické otazky spojené s GM plodinami, které se tykaji rizik pro lidstvo a zi-
votni prostredi, férovosti, vlastnickych prav, jejich uzite¢nosti a potfebnos-
ti. Britskd organizace Nuffield Council on Bioethics prozkoumala mnoho
etickych argumentu vztahujicich se na GM plodiny a popsala, co z nich ply-
ne pro spravu téchto technologii a jejich pfinos pro drobné zemédélce”.
Malorolnici hraji klicovou roli pfi vybéru upfednostniovanych vlastnosti
a je tfeba je informovat o tom, jak probiha vyhodnocovani rizik a jak se
o ném informuje. Béznd predstava je ta, Ze nadnarodni spole¢nosti jednaji
riskantné, kdyz kladou zisk nad blaho spotfebiteld ¢i zajem o znevyhodné-
né jedince, a ze tato technologie neni bezpecna. To prispélo k neuspéchu
hledani spole¢nych hodnot, a sice prevazné kvili prekrucovani faktti a dez-
informacim o této technologii ze strany jistych specialnich zajmovych sku-
pin, nevladnich organizaci a médii, coz vedlo k velkym zmatkam.

Béhem naSich medidlnich seminafi v Africe casto vyvstavaly ctyfi
otazky. ,,Hraji si védci na boha®, kdyZz manipuluji s genomem, a je to bez-
pecné? V bibli ani zadnych jinych posvatnych textech nejsou vyslovné po-
kyny, které by jakkoli zakazovaly procesy nebo produkty molekuldrniho
$lechténi a branily jim - a ani bychom neocekavali, Ze tam budou: tehdy
jesté nebyly vynalezeny. Mnozi kfestansti a muslimsti badatelé v oblasti
modernich biotechnologii potvrdili sviij souhlas s GM procesy a produkty
— v pripadé muslimt za predpokladu, Ze zdroje, z nichz pochazeji, jsou ha-
lal. V otazce bezpecnosti se rizika a pfinos pro zivotni prostiedi a volné Zi-
jici zvirata nijak nelisi od zavedeni jakékoli nové rostlinné odrtdy ¢i hybri-
du ziskaného pomoci zavedenych metod konven¢niho $lechténi rostlin. Co
se tyce bezpecnosti lidi, pfezkoumanim 1783 publikaci z let 2002 az 2010 se
doslo k zavéru, Ze neexistuji ,,Zddna vyznamna rizika piimo souvisejici
s pouzivanim geneticky pripravenych plodin®®, coz potvrzuje zavéry veé-
deckych instituci po celém svété i Evropské komise.

Je vyroba GM plodin pfirozena? Historické prameny ukazuji, ze lid-
stvo ménilo rostliny jejich selekci a sbérem semen po staleti. Moderni pSe-
nici lze vysledovat 10 000 let do minulosti k nahodnému ktiZeni mezi Aegi-
lops speltoides a Triticum urartu, z néjz vzniklo Triticum dicoccoides (pSeni-
ce pland dvouzrnka), a dal$imu kiizeni mezi Triticum dicoccoides a Aegilops
tauschii (mnohostét Tauschiv), z néjz vzniklo Triticum aestivum a moderni
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Questions of ethics

Unsurprisingly, the African media courses referred to above raised familiar
ethical issues about GM crops in terms of safety to humankind and the
environment, fairness, ownership, utility and need. The Nuffield Council
on Bioethics has examined many of the ethical arguments relevant to GM
crops and described the implications for the governance of the technology
and its utility for small-scale farmers”. Smallholder farmers have a key role
in the selection of preferred traits and they need to be informed about how
risk-based evaluations are performed and propagated. A common percep-
tion is that multinational companies are dangerously placing profit above
consumer well-being or concern for the disadvantaged, and that the tech-
nology is unsafe. This has contributed to a failure in the search for common
values, largely because of the misrepresentation and disinformation about
the technology by certain special interest groups, NGOs and media which
has led to widespread confusion.

In our media workshops in Africa four questions frequently emerged.
Are scientists ‘playing God’ by the manipulation of genomes, and is it safe?
Explicit instructions in the Bible or any other sacred text do not exist con-
cerning any prohibition and prevention of the processes or products of mo-
lecular breeding technologies, nor would we expect there to be; they were
not invented at the time. Many Christian and Islamic scholars of modern
biotechnology have affirmed the acceptance of GM processes and products
- in the case of Moslems as long as the sources from which they originated
were Halal. On the question of safety, risks and benefits to the environment
and wildlife are no different from the introduction of any new plant variety
or hybrid derived from the well-established methods of conventional plant
breeding. In terms of safety to humans, a review of 1783 publications be-
tween 2002 and 2010 and concluded that there were ‘no significant hazards
directly connected with the use of GE crops™, confirming the conclusions
of scientific academies worldwide and the European Commission.

Is the production of GM crops is natural? The historical evidence
shows that humankind has been modifying plants by plant selection and
seed collection for centuries. Modern wheat can be traced back 10,000
years to a chance hybridisation between Aegilops speltoides and Triticum
urartu which produced wild emmer, and another between Triticum dicoc-
coides (wild emmer) and Aegilops tauschii (wild goat grass) gave rise to
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odrtdy psenice. Vysledek je ten, ze kazdy den jime chléb z hybridni pseni-
ce. Jen mélo z toho, co dnes péstujeme, se jakkoli podoba svym divokym
predkam.

Vyhrady k tomu, zda je pfirozené prenaset geny pres hranice druhd, pra-
meni z pohledu Platéna a Aristotela na vé¢né a idealni formy, které jsou ur-
¢eny svou esenci. Tyto ideje z doby pred asi 2 000 lety jsou hluboce zakofené-
né v nasi kultute, jak je vidét na diskuzich o tom, zda jsou druhy stalé, coz je
téma, kterému se pilné vénoval Darwin v devatenactém stoleti. Ironické je
mimo jiné i to, Ze se zda, ze jsme v klidu, co se tyce konven¢niho slechténi,
které micha desetitisice gentl, aniz bychom méli moc predstavu o vysledku
dfiv, nez jej zkontrolujeme, zatimco ndm lezi v hlavé moderni technologie,
které umoznuji pohybovat jedinym genem (nebo dokonce i jen nukleotidem)
s predem jistym vysledkem. Nékteti odbornici, ktefi se zabyvali teologickymi
disledky genetického inzenyrstvi, jej interpretovali tak, Ze pfinasi novy na-
hled na ¢lovéka jakozto ,,spolustvotitele®, ktery spolu s bohem prosttednic-
tvim nové technologie k tvofeni prispiva, aniz by si jej prisvojoval.

Je proces péstovani GM plodin spravedlivy? Utilitaristicky argument,
ze to, na ¢em zalezi, je dobro mnoha, byl zpochybnovan témi, ktefi prohla-
$uji, Ze existuje zdkladni moralni zdvazek chovat se spravedlivé. Papez Jan
Pavel II psal v encyklice Fides et Ratio (1998) o pozitivistickém smysleni
védecké komunity, jez nejen Ze se zfekla krestanského vidéni svéta, ale kon-
krétnéji odmita i veskeré volani po metafyzické ¢i mordlni vizi. ,,Z toho
plyne,” rikd, ,,ze jisti védci, ktefi postradaji jakykoli eticky pevny bod, jsou
v nebezpedi, ze do stfedu svého zajmu budou klast cosi jiného nez lidskou
bytost a celek Zivota této osoby. Navic se zda, Ze néktefi z nich, ti, co vyciti-
li prilezitost danou technickym pokrokem, podléhaji nejen trzni logice, ale
i pokuseni jakoby bozské moci nad prirodou a dokonce i nad lidskou bytos-
ti.“ Papez Franti$ek se nedavno v encyklice Laudato Si*° vratil k vyznamu
konven¢niho védeckého pristupu k zemédélskym biotechnologiim a na-
znacil, Ze to, co by se mélo brat v ivahu, je kone¢ny vysledek a nikoli proces
samotny. V zemédélstvi upfednostiuje ,,agroekologickou® praxi pred ,,udr-
zitelnou intenzifikaci®, ackoli uznava, ze ani jedna z nich nemuze legitimné
tvrdit, Ze by opomijela uzite¢nost genetického inzenyrstvi.

Starost o férovost se u vefejnosti objevuje, kdyz ta vidi, Ze védu a jeji
aplikace formuji vyhradné komer¢ni zajmy soustfedéné v rukou pomérné
mala nadnarodnich spole¢nosti. Investori potrebuji finan¢ni navratnost,
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Triticum aestivum and modern wheat varieties. The outcome is that we eat
hybrid wheat in our daily bread. Little that we grow today bears any resem-
blance to their natural origins.

Reservations about whether it is natural to transfer genes across spe-
cies boundaries derive from the views of Plato and Aristotle about eternal
and ideal forms with a defining essence. These ideas of some 2,000 years
ago are deeply ingrained culturally as we see in the arguments over wheth-
er there is a fixity of species, a topic that greatly exercised Darwin in the
nineteenth century. One of the ironies is that we seem relaxed about con-
ventional breeding which shuffles tens of thousands of genes with little idea
of the outcome pre-screening, whereas we are exercised about modern
technologies that enable the movement of a single gene (or even a nucleo-
tide) with confidence of the outcome. Genetic engineering is interpreted by
some scholars who have addressed the theological implications as provok-
ing new insights into humans as ‘co-creators’ with God, contributing to,
rather than usurping, the divine work of creation through new technology.

Is the process of producing GM crops fair? The utilitarian argument
that it is the good of the many that matters has been challenged by those who
contend there is an overriding moral obligation to be fair. Pope John Paul II
in the encyclical Fides et Ratio (1998) wrote of the positivistic mentality of
the scientific community which not only abandoned the Christian vision of
the world but more especially rejected every appeal to a metaphysical or
moral vision. ‘It follows’ he said ‘that certain scientists, lacking any ethical
point of reference, are in danger of putting at the centre of their concerns
something other than the human person and the entirety of the personss life.
Further still, some of these, sensing the opportunities of technological
progress, seem to succumb not only to a market-based logic, but also to the
temptation of a quasi-divine power over nature and even over the human
being’ Recently, Pope Francis in Laudato Si *® echoed the significance of the
mainstream scientific approach to agricultural biotechnology and suggested
that it was the end result, not the process itself that should be taken into
account. His preference for agriculture was in the practice of ‘agroecology’
rather than ‘sustainable intensification, though he recognised that neither
can claim legitimately to ignore the utility of genetic engineering.

Concerns about fairness arise among the public when they see science
and its applications shaped solely by commercial interests concentrated in
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jelikoz naklady na vyvoj a dodrzovani predpisti jsou vysoké. Odhaduje se,
ze posouzeni bezpecnosti a ekologickych rizik spojenych se zavedenim na
trh v pripadé kukufice odolné vii¢i hmyzu prijde na néco mezi 7 a 15 milio-
ny dolart. Primysl i obchodnici byli nicméné vyzvani, aby vénovali vic po-
zornosti emoc¢ni reakci vefejnosti na nové technologie. Doslo k vitané reak-
ci ve formé partnerstvi mezi zemémi z Jihu i v neottelé podobé spoluprace
mezi vefejnym a soukromym sektorem zahrnujici plany na sdileni techno-
logii mezi védci v rozvinutém a rozvojovém svété. Mnoho z nové vznikaji-
cich ekonomik véetné nékterych africkych postoupilo milovymi kroky pri
zakladani svych vlastnich center excelence, takze jiz nejsou zcela zavislé na
aktivitdch Severu.

A konecné - jsou GM plodiny zapotiebi? To, ze Evropa odmitla bovin-
ni somatotropin spole¢nosti Monsanto, ktery zvysuje produkci kravského
mléka a je jednim z prvnich produktt biotechnologickych postupii zaloze-
nych na rekombinantni DNA, je zndmkou toho, jak je dilezité pochopit,
zda je néjaky produkt zapotfebi, i to, zda je prijatelny pro vefejnost.
V obdobi 90. let byla Evropa zaplavena ,,mofi mléka“ a ,horami zrni Pri-
slu$ni feditelé této spole¢nosti, ktefi tlac¢ili na zavedeni GM plodin v Evro-
pé, se pozdéji za tento necitlivy marketing omlouvali. Zavazali se, Ze v pro-
duktech urcenych pro vyrobu potravin a zvifeciho krmiva nebudou pouzi-
vat geny lidi ani zvifat, Ze nikdy nebudou prodavat produkt, do néjz byl
pridan znamy alergen, a Ze se nebudou zabyvat technologiemi, které vyvo-
lavaji neplodnost semen. Tato omluva souznéla s nazorem, zZe mame-li ro-
zumné chapat naklady a pfinos néjaké nové technologie a to zvlasté v roz-
vojovych zemich, potom spi$ nez abychom hledali zptisob jak zménit po-
stoj vefejnosti k ni, je nutné presvéd¢it o nutnosti jejiho zavedeni - a to je
¢tvrta prekazka — instituce, které maji na starosti zavadéni inovaci.

Belgicti filozofové a védci® nedavno vyuzili kognitivni védu, kdyz se
snazili porozumét tomu, pro¢ se v nékterych zemich tak $iroce rozsitil od-
por vici GM plodindm navzdory jejich pfinosu pro udrzitelné zemédélstvi
a zajisténi potravin. Blancke se svymi kolegy zdtiraznil sklon lidské mysli
podléhat negativnim a emotivnim prohlasenim, zvlast pokud prichazeji od
ekologickych skupin a dal$ich nevladnich organizaci. Informace zamérené
proti GM maji ohlas v ramci esencializmu, jenz DNA li¢i coby podstatu
organizmu, v rdmci teleologickych tuvah, jez vykresluji GM postupy jako
nepfirozené a jako hru na boha, a v ramci romantizovani ptirody, které ge-
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the hands of relatively few multi-national companies. Investors need a fi-
nancial return since the development and compliance costs are high. Food
safety and environmental risk assessments to bring an insect-resistance
maize to the market are estimated to be between $7 and 15 million. None-
theless, industry and commerce have been challenged to pay greater atten-
tion to the emotional responses of the public about new technologies.
A welcome response has occurred in novel forms of cooperation between
the public and private sectors with technology sharing schemes between
scientists in the developed and developing world, as well as South-South
country partnerships. Many emerging economies, including some in
Africa, have made great strides in the establishment of their own centres of
excellence, no longer being wholly dependent on the activities of the
North.

Finally, is there a need for GM crops? Europe’s rejection of Monsanto’s
bovine somatotropin, an enhancer of milk production in cattle and one of
the earliest products of biotechnology recombinant DNA technology, sig-
nalled the importance of understanding whether a product was needed as
well as understanding whether it was publicly acceptable. At the time in the
‘90s, Europe was awash with ‘milk lakes’ and ‘grain mountains. Relevant
CEOs in the company who pushed for the adoption of GM crops in Europe
later apologised for their crass marketing. They pledged that they would
not use genes from humans or animals in products intended for food or
animal consumption, they would never sell a product into which a known
allergen had been introduced, and they would not pursue technologies that
resulted in sterile seeds. The apology chimed with the view that rather than
seeking ways to change the public’s attitudes towards a new technology, it
was necessary to change the understanding of need - the fourth hurdle - by
institutions responsible for promoting innovation if costs and benefits par-
ticularly in developing countries were to be intelligently understood.

Belgian philosophers and scientists® have recently turned to cognitive
science to try to understand why opposition in certain countries to GM
crops has become so widespread despite their positive contributions to sus-
tainable agriculture and food security. Blancke and colleagues highlight the
susceptibility of the human mind to negative and emotional representa-
tions particularly when they come from environmental groups and other
NGOs. Anti-GM messages appeal to essentialism that portrays DNA as the
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netické upravy vidi jako znecisténi. Existuji tedy padné diivody pro hlubsi
pochopeni riznych etickych pozadavki, za nimiz stoji $iroka $kala norma-
tivnich avah.

Vysledkem tohoto boutlivého obdobi tfi desetileti je vznik celosvétové-
ho trhu produktt z GM plodin, diky némuz pétina svétové populace pravi-
delné ji potraviny pochdzejici z GM plodin. ,,Roku 2014 se ve svété vypésto-
valo rekordnich 181,5 milionu hektarti biotechnologickych plodin - to je
narast o 6 miliont hektart oproti roku 2013 a vice neZ stonasobné zvyseni
vici 1,7 milionu hektarti osetych roku 1996“**¢. Pokud nékde prece jen exis-
tuji prekazky, mize tam byt zapottebi statni zasah, ktery umozni pfisun tech-
nologii, zdroju a infrastruktury, aby se dalo vyuzit vyhod GM plodin v zdjmu
socialni spravedlnosti a pevnych celosvétovych hodnotovych fetézct®

Role akademii a uc¢enych spolecnosti
Svét je dnes slozity prostor s vétsi populaci, silnéjsi mezinarodni konkuren-
ci a rychlymi désledky, pfijmeme-li §patné rozhodnuti. Koncem minulého
stoleti naznacily ekonometrické studie vztahu mezi vefejné financovanym
zakladnim vyzkumem a ekonomickym vykonem, Ze mira navratnosti je
zhruba dvojnasobkem priimérné historické navratnosti burzovnich inves-
tic. Ve svétle takovychto udaji neprekvapuje, ze véda, inzenyrstvi a techno-
logie (SET) zaznamenaly v rozvinutych zemich pozoruhodny rozvoj.
Akademie a ucené spole¢nosti maji jedine¢né kvality a potencial pri-
spét k dnesni debaté o védé a technologickém pokroku, ktery se od ni od-
viji, jak to vylicil Sir Aaron Klug na zacatku tohoto ¢lanku. Jejich cilem je
rozpoznat vynikajici vyzkum a investovat do néj, povzbudit a rozsirovat jej
a chranit védeckou zékladnu prostfednictvim téch nejlepsich védct a téch
nejlepsich mladych védct. Dale péstovat verejny dialog o otazkach védy
a technologie a propagovat védecké vzdélavani a povédomi o védé. Podpo-
rovat mezinarodni védecké vymény a mezinarodni védecké vztahy pro-
strednictvim studijnich pobyti a loajalitou vii¢i nevladnim mezinarodnim
védeckym organtim. Byt férem a ohniskem diskuzi probirajicich zalezitosti
tykajici se $irsi védecké komunity. A konecné poskytovat nezavislé a hod-
novérné poradenstvi zejména vladam a s nimi souvisejicim organim, at jiz
na vyzadani ¢i bez néj, a predkladat politickym ¢initelim mozné alternati-
vy. Nejde o jednoduchy tukol. Tlak na politické ¢initele, aby politiku formu-
lovali na zakladeé faktt, je dnes vétsi nez kdy driv.
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essence of an organism; teleological thinking that portrays GM technology
as unnatural and playing God; and the romanticism of Nature that sees
genetic modification as contamination. The case is made for a deeper
understanding of the different ethical demands which command a wide
range of normative considerations.

The outcome of this turbulent three-decade period is the emergence of
a global market for GM crop products such that one-fifth of the world’s
population regularly eats food of GM origin. ‘In 2014, a record 181.5 mil-
lion hectares of biotech crops were grown globally - an increase of 6 mil-
lion hectares from 2013 and more than 100-fold gain since 1.7 million hec-
tares were planted in 1996’ ¢ . Where barriers do exist government inter-
vention may be needed to enable the supply of technology, resources and
infrastructure to take advantage of the benefits of GM crops in the interests
of social justice and robust global value chains®.

Role of academies and learned societies

The world is now a complicated place with a bigger population, tougher
international competition, and rapid consequences of taking the wrong de-
cisions. Towards the end of the last century econometric studies of the rela-
tionship between publicly funded basic research and economic performan-
ce indicated that the rate of return was roughly double the average histori-
cal return to stock market investments. With such evidence it is unsurprising
that science, engineering and technology (SET) have undergone a remar-
kable expansion in developed countries.

Academies and learned societies have unique qualities and the poten-
tial to contribute to today’s debate about science and the technological
advances it spawns in ways depicted by Sir Aaron Klug at the beginning of
this paper. Their objectives are to recognise and invest in excellence; to
encourage research and its dissemination and to protect the science base
through the best scientists and the best young scientists; to foster the public
dialogue on matters of science and technology and promote science educa-
tion and awareness; to support international scientific exchange and inter-
national scientific relations, through study visits and by adherence to non-
Governmental international scientific bodies; to be a forum and focus for
discussion of issues relating to the wider scientific community; and to pro-
vide independent, authoritative advice, notably to governments and related
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Typickym prtikladem védeckych vyzev, pred nimiz védci stoji, a vlivu
védeckych objevil na politické ¢initele jsou nasledujici tfi pripady. Zaprvé
kauza ozonové diry a role sloucenin obsahujicich chlor-fluorované uhlovo-
diky (CFC), které mohou mit ve stratosféie dramatické ucinky zptsobujici
nezmérné poskozeni ozonové vrstvy, coz ohrozuje lidské zdravi. Tlak véd-
ct a nevladnich organizaci vychazejici z novych védeckych dikazti o naru-
$ené ozonové vrstve zvlast nad Antarktidou vyustil roku 1987 v Montreal-
sky protokol a roku 1990 v Londynsky dodatek, jejichz cilem bylo odstavit
vyrobu CFC. Politi¢ti ¢initelé byli v mezinarodnim méfitku burcovani k to-
mu, aby zavedli zakaz CFC.

Zadruhé britska epidemie bovinni spongiformni encefalopatie (BSE
neboli ,nemoc $ilenych krav®) z 80. let minulého stoleti, kterd privedla od-
borniky k nespravné domnénce, Ze tato choroba nepredstavuje Zddnou
hrozbu pro ¢lovéka, protoze se podoba klusavce u ovci, ktera je endemicka
jiz 200 let, aniz by prekrocila mezidruhovou bariéru. Roku 1982 oznamil
Stanley Prusiner z Kalifornie, ze urcil latku vyvolavajici klusavku - $lo
o protein a nikoli nukleovou kyselinu (Nobelova cena za rok 1997). Naka-
zeno bylo vice nez 180 000 kusti dobytka a tak byly navrzeny postupy, které
vedly k porazeni 4,4 milionu kusti dobytka a uvaleni zakazu krmeni dobyt-
ku masokostni mouckou. To vyustilo ve snizeni poctu pripadl v zemich,
kde byla choroba pritomna. Zjistilo se, Ze tato nemoc je pritomna i u lidi
jakozto nova variantni forma Creutzfeldtovy-Jakobovy choroby (vCJD).

Zatteti doslo od zacatku primyslové revoluce v rozvinutych zemich
k tficetiprocentnimu nartstu koncentrace sklenikovych plynt v atmosfére.
CO,, ktery ve stratosfére pretrvava po dobu vice neZ sta let, je vniman jako
hrozba pro udrzitelny rozvoj zvlast v rozvojovych zemich. Tyto zvySené
koncentrace jsou pravdépodobné zpisobeny lidskou ¢innosti (spalovani fo-
silnich paliv, odlesnovani, intenzivni zemédélstvi a dal$i zmény ve vyuziti
pudy). Z nich plynou predpovédi globalniho oteplovani, které podle jednot-
livych odbornikii kolisaji mezi nartistem o 2 stupné Celsia az k extrémni
hodnoté 5 az 6 stupntl. Pfesny narist zistava nevyjasnén, coz predstavuje
dilema pro stratégy a politiky, ktefi by mnohem radéji pracovali s jistotami.

Akademie a ucené spole¢nosti jsou s to s takovymito obtiznymi tkoly
pomoci zajisténim solidnich a nezavislych védeckych diikazt. Expertni ra-
da evropskych akademii pro védu (EASAC) ptisobici na Leopoldiné - Ne-
mecké akademii véd v Halle a na Belgické kralovské akademii véd a uméni

Kniha l.indb 232 15.4.2016 14:20:01



How can genetically-modified (GM crops) help to feed the world? 233

bodies, whether asked for it or not, and to provide options for policy mak-
ers. This is not an easy task. Pressures on policy makers to formulate evi-
dence-based policies are now greater than ever.

Three examples typify the scientific challenges faced by scientists and
the influence of scientific discovery on policy makers. First, the case of the
ozone hole and the role of chlorofluorocarbon (CFC) compounds which
can have dramatic effects in the stratosphere causing immense damage to
the ozone layer which threatens human health. Based on new scientific
evidence, pressure from scientists and non-governmental organizations
about the erosion of the ozone layer particularly over Antarctica resulted in
the Montreal Agreement in 1987 and the London Agreement in 1990 which
aimed at phasing out the production of CFCs. Policy makers were galva-
nized on an international scale to implement a ban of CFCs.

Second, the UK outbreak in the 1980s of bovine spongioencephalopa-
thy (BSE, or ‘mad cow disease’) led experts to surmise incorrectly that the
disease posed no threat to humans because it resembled scrapie in sheep
which had been endemic for 200 years without crossing the species barrier.
In 1982 Stanley Prusiner in California announced that he had identified the
scrapie disease-causing agent as a protein and not a nucleic acid (Nobel
Prize 1997). With more than 180,000 cattle infected, policies were designed
which led to the slaughter of 4.4 million cattle and the imposition of a ban
on feeding cattle meat and bone meat to cattle. They resulted in a reduction
in cases in countries where the disease was present. In humans it was found
to present as the new variant form of Creutzfeldt-Jakob disease (vC]JD).

Third, since the beginning of the industrial revolution in developed
countries there has been a 30% increase in concentrations of greenhouse
gases in the atmosphere. CO, which persists in the stratosphere for over
100 years is seen as a threat to sustainable development particularly in de-
veloping countries. Raised concentrations are probably caused by human
activity (burning of fossil fuels, deforestation, intensive agriculture and
other land-use changes) resulting in global warming projections by experts
which vary from an increase of 2 degrees centigrade to extremes of 5 to
6 degrees. The exact rise is unresolved presenting a dilemma for policy
makers and politicians who would much rather work with certainties.

Academies and learned societies are well-positioned to help with such
challenges by the provision of robust and independent scientific evidence.

Kniha l.indb 233 15.4.2016 14:20:01



234 Jak nam geneticky upravené plodiny mohou pomoci nasytit svét?

v Bruselu se takovymito rozbory zabyva®. Ptipad GM plodin a produktu
z nich zevrubné zkoumalo vice nez 2000 badateld, coz vedlo k tomu, Ze je
Evropska komise prohlasila za bezpecné a ze bylo uzndno, ze tyto cenné
nové plodiny v budoucnu vyznamné prispéji k zajisténi potravin po celém
svéte.

Shrnuti

Dtukazy, které jsme zde vidéli, ukazuji, Ze GM plodiny nam pomohou nasy-
tit svét a ze by bylo lehkomyslné, kdyby cile udrzitelného rozvoje, které
budou formélné oznameny v zati 2015, odmitly genetické ndstroje, které
maji sehrdt vyjimecnou roli - pomoci nasytit rozristajici se populaci
a omezit chronickou podvyzivu zvlasté v méné rozvinutych zemich® 6> .
Ukazalo se, ze rozvojovy cil tisicileti, podle néjz se mél do roku 2015 hlado-
mor snizit na polovinu® a globalni oteplovani se mélo omezit na narust
pouhych 2 stupnii, je mimo nase bezprostfedni moznosti, ale ,,$ifeni stra-
chu, omyly a podvody*“ kolem GM plodin® problém zajisténi potravin pou-
ze zhor$i a nevytesi jej. Malthuzianska polemika z 19. stoleti, s niZ jsme zde
zacali, byla prozatim nahrazena jinou metaforou: jde o dokonalou boufi,
kdy se spiknou viechny zivly'>®. Tato charakteristika obtizného tikolu na-
sytit rostouci svétovou populaci vystihuje skutecnost, Ze zaroven probiha
naléhavy boj za utlumeni rostoucich emisi sklenikovych plynt a zmirnéni
globalniho oteplovéni. ,Zadny jednoduchy udrzitelny zpisob jak nasytit
9 miliard lidi neexistuje a to zvlast proto, Ze mnohym se vede stéle lépe
a blizi se vzorctim chovani spotrebiteli v bohatych zemich.“"

Prohlaseni o stfetu zajmi

Nemam zadné granty od firmy Monsanto ani kterékoli jiné organizace za-
byvajici se slechténim rostlin, nejsem jejich konzultantem a nejsem finan-
covan prumyslem.

Podékovani

Muj velky dik patti profesoru Chrisi Leaverovi z Oxfordské univerzity, dok-
toru Davidu Bennettovi z Cambridgeské St Edmund’s College, doktoru
Emmanuelu Okogbeninovi z Africké nadace pro zemédélské technologie
(AATF; obrazek 6), Francesce Trelawney a mnoha dal$im kolegtim za uzi-
te¢né diskuze o tomto tématu.
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The European Academies Science Advisory Council (EASAC) based at the
German Academy of Sciences Leopoldina, Halle and at the Royal Academy
of Science and Arts of Belgium, Brussels, is engaged in such analyses®. The
case of GM crops and their products has been exhaustively examined by
over 2000 investigators leading to safety pronouncements by the European
Commission and to recognition of these valuable new crops as significant
contributors to future global food security.

Summary

The evidence we have seen here is that GM crops will help to feed the world
and it would be foolhardy if the Sustainable Development Goals announced
formally in September 2015 dismiss a genetic toolbox that has a unique role
to play in helping to feed a growing population and reduce chronic malnu-
trition particularly in less developed countries * %>, The Millennium De-
velopment Goal of halving hunger by 2015 and restricting global war-
ming to only a 2 degree rise has proved beyond our immediate reach, but
‘fearmongering, errors, and fraud’ about GM crops®® will only exacerbate
the problem of food insecurity, not solve it. The 19th century Malthusian
polemic with which we started has been replaced for now by a different
metaphor, the Perfect Storm'>%. This descriptor of the challenge of feeding
a growing global population encompasses the fact that there is an urgent
battle to mitigate rising greenhouse gas emissions and global warming.
‘There is no simple solution to sustainably feeding 9 billion people, espe-
cially as many become increasingly better off and converge on rich-country
consumption patterns’.
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