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Recenzje (1)

The first book to briefly and clearly present the science of climate change in a way that is

accessible to laypeople, providing the perspective needed to understand and assess the
foundations and predictions of climate change.

"Brilliant and fundamental, this is the necessary book about our prime global emergency.
Here you'll find the facts, the processes, the physics of our complex and changing climate,
but delivered with eloquence and urgency. Lawrence Krauss writes with a clarity that
transcends mere politics. Prose and poetry were never better bedfellows." --lan McEwan
"The ideal book for understanding the science of global warming..at once elegant, rigorous,
and timely." --Elizabeth Kolbert, Pulitzer Prizewinning author of The Sixth Extinction

"A brief, brilliant, and charming summary of what physicists know about climate change and
how they learned it." --Sheldon Glashow, Nobel Laureate in Physics, Metcalf Distinguished
Professor Emeritus, Boston University

"The distinguished scientist Lawrence Krauss turns his penetrating gaze on the most pressing
existential threat facing our world: climate change. It is brimming with information lucidly
analysed. Such hope as there is lies in science, and a physicist of Dr. Krauss's imaginative
versatility is unusually qualified to offer it." --Richard Dawkins, author of The Blind
Watchmaker and Science in the Soul



Recenzje (1)
Pierwsza ksigzka, ktora krotko i jasno przedstawia nauke o zmianach klimatu w sposdb

przystepny dla laikdow, zapewniajac perspektywe potrzebng do zrozumienia i oceny podstaw i
prognoz zmian klimatu.

"Btyskotliwa i fundamentalna, jest to niezbedna ksigzka o naszym gtéwnym globalnym
kryzysie. Znajdziesz tu fakty, procesy, fizyke naszego ztozonego i zmieniajgcego sie klimatu, ale
przedstawione z elokwencja i pilnoscig. Lawrence Krauss pisze z jasnoscig, ktdra wykracza poza
zwyktg polityke. Proza i poezja nigdy nie byty lepszymi towarzyszami." — lan McEwan

"Idealna ksigzka do zrozumienia nauki o globalnym ociepleniu. jednoczesnie elegancka,
rygorystyczna i aktualna" — Elizabeth Kolbert, laureatka Nagrody Pulitzera, autorka ksigzki
"Szoste wymieranie,,

"Krotkie, btyskotliwe i urocze podsumowanie tego, co fizycy wiedzg o zmianach klimatycznych
i jak sie tego nauczyli." --Sheldon Glashow, laureat Nagrody Nobla w dziedzinie fizyki, Metcalf
Distinguished Professor Emeritus, Boston University

"Wybitny naukowiec Lawrence Krauss kieruje swoje przenikliwe spojrzenie na najbardziej
palgce egzystencjalne zagrozenie, przed ktorym stoi nasz swiat: zmiany klimatyczne. Jest peten
informacji, ktore zostaty przejrzyscie przeanalizowane. Taka nadzieja, jaka istnieje, lezy w
nauce, a fizyk o wszechstronnosci wyobrazni dr Kraussa ma niezwykte kwalifikacje, aby j3
zaoferowad" — Richard Dawkins, autor ksigzek "Slepy zegarmistrz" i "Nauka w duszy"



"Lucid and gripping, this study of the most severe challenge humans have ever faced leads the
reader from the basic physics of climate change to recognition of the damage that humans have
already caused and on to the prospects that lie ahead if we do not change course soon." --Noam
Chomsky, Laureate Professor, University of Arizona, author of Internationalism or Extinction?

"Lawrence Krauss tells the story of climate change with erudition, urgency, and passion. It is our
great good luck that one of our most brilliant scientists is also such a gifted writer. This book will
change the way we think about the future." --Jennifer Finney Boylan, author of Good

Boy and She’s Not There

"Everything on climate change that I've seen is either dumbed down and bossy or written for
other climate scientists. I've been looking for a book that can let me, a layperson, understand the
science. This book does just what | was looking for. It is important.” --Penn lJillette, Magician,
author of Presto! and God, No!

"The renowned physicist Lawrence Krauss makes the science behind one of the most important
issues of our time accessible to all." --Richard C. J. Somerville, Distinguished Professor Emeritus,
Scripps Institution of Oceanography, University of California, San Diego

"Lawrence Krauss is a fine physicist, a talented writer, and a scientist deeply engaged with public
affairs. His book deserves wide readership. The book's eloquent exposition of the science and
the threats should enlighten all readers and motivate them to an urgent concern about our
planet's future." --Lord Martin Rees, Astronomer Royal, former president of the Royal Society,
author of On the Future: Prospects for Humanity



"To przejrzyste i porywajgce studium najpowazniejszego wyzwania, przed jakim kiedykolwiek
stanetfa ludzkosé, prowadzi czytelnika od podstaw fizyki zmian klimatycznych do rozpoznania
szkod, ktore ludzie juz wyrzadzili i do perspektyw, ktore stojg przed nami, jesli wkrotce nie
zmienimy kursu." — Noam Chomsky, profesor laureat, University of Arizona, autor ksigzki
Internacjonalizm czy wymieranie?

"Lawrence Krauss opowiada historie zmian klimatycznych z erudycja, pilnoscia i pasja. To nasze
wielkie szczescie, ze jeden z naszych najwybitniejszych naukowcow jest rowniez tak
utalentowanym pisarzem. Ta ksigzka zmieni sposdb, w jaki myslimy o przysztosci" — Jennifer
Finney Boylan, autorka ksigzek "Good Boy" i "She's Not There"

"Wszystko, co widziatem na temat zmian klimatu, jest albo gtupie i apodyktyczne, albo napisane
dla innych klimatologdw. Szukatem ksigzki, ktéra pozwolitaby mi, laikowi, zrozumiec nauke. Ta
ksigzka robi doktadnie to, czego szukatem. To jest wazne." — Penn lillette, iluzjonista, autor ksigzki
Presto! i Boze, nie!

"Znany fizyk Lawrence Krauss sprawia, ze nauka stojgca za jednym z najwazniejszych zagadnien
naszych czaséw jest dostepna dla wszystkich" — Richard C. J. Somerville, emerytowany profesor

"Lawrence Krauss jest znakomitym fizykiem, utalentowanym pisarzem i naukowcem gteboko
zaangazowanym w sprawy publiczne. Jego ksigzka zastuguje na szerokie grono czytelnikdw.
Elokwentne przedstawienie nauki i zagrozen w tej ksigzce powinno oswieci¢ wszystkich
czytelnikow i zmotywowac ich do pilnej troski o przysztos¢ naszej planety." — Lord Martin Rees,
Astronom Krolewski, byty prezes Towarzystwa Krolewskiego, autor ksigzki On the Future:
Prospects for Humanity



Wstep

Motto: Im wiecej zmian, tym bardziej jest to sama rzecz. J.-B. A. Karr, 1849
To juz prawie dwadziescia lat, kiedy Fizyka klimatu wyszta w twardej oprawie.

Przede wszystkim jest to ksigzka o procesach fizycznych, ktore lezg u podstaw zmian
klimatycznych.

Mozna powiedzieC, ze problem stat sie jeszcze bardziej palgcy po pandemii, kiedy
ekonomia wrocita do stanu ,buziness as usual”, i w 2021 globalna emisja ze spalania
paliw wyniosta 37,98 mld ton, przekraczajgc wartosc sprzed pandemii z 2018 roku
36,86 mid ton, i wzrost CO, w atmosferze o 2,58 ppm byt pigtym najwiekszym rocznym
wzrostem zanotowanym przez NOAA w ciggu ostatnich 60-ciu lat. Do stycznia 2023
poziom CO, wzrdst do 419,62 ppm.

W tym samym topnienie lodu na Grenlandii wyniosto 146 +- 64 mld ton w sezonie
roztopow 2021-2022. (viii)
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A river like no other: Delta Mekongu

Podroz w dot rzeki Mekongu az do jej delty jest przezyciem jakich niewiele. Niesptawna
w wiekszosci swego biegu 2,800 mil, jest najdtuzszg rzekg w Potudniowo-wschodniej
Azji i dwunastg z najdtuzszych na swiecie. Po przeptynieciu przez Phnom Penh w
Kambodzy, kieruje sie do Wietnamu a ptaskie uksztattowanie terenu umozliwia jej
rozlanie sie na wielu oddzielnych gatezi. Basen Mekongu pokrywa powierzchnie
réwnowazng Francji i Niemiec razem wzietych. Srednio, rzeka jest szeroka na mile, ale
w wielu punktach znacznie szersza. Wodospad Khom, na granicy miedzy Laosem a
Kambodzg jest najszerszy na swiecie. Rzeka niesie 475 mld metrow szesciennych
rocznie, i zapewnia wode i zywnos¢ dla 60 milionéw ludzi. (p.1)

| 2o

Delta Mekongu charakteryzuje sie
najwiekszg gestoscia ryb stodkowodnych na
sSwiecie, i jest domem dla ponad tysigca
gatunkow. Bezposrednio zywigc 14 min
ludzi, daje wiecej ryb niz wszystkie jeziora
USA. Wylewy rzeki nawadniajg pola
ryzowe, czynigc delte najwiekszg ryzowg
miskg swiata.
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Figure 6 | Projected submerged areas in heavily populated areas affected by sea-level rise. The maps show areas of submergence for countries with
at least 50 million people living on land affected by long-term sea-level projection based on the 1,280 Pg C emission scenario. Sea-level rise is based



Florida: everglades
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Chapter 8. Forcing the issue

So far, we have established:

a)

CO, level have been measured to be increasing yearly at a level consistent
with emissions produced by human industrial activity. Current levels are
unprecedented over the past one million years or so and more than 30
percent higher than at any other period during that time.

CO, is measured to be a greenhouse gas, in that it absorbs infrared radiation
emitted by Earth’s surface. Along with water vapor, it is quantitatively
responsible for keeping Earth’s surface temperature over its history, right up to
the present.

Increasing the absorption in the atmosphere of outgoing radiation from Earth-
s Surface increases the Surface temperature of the Earth. This is the original
greenhouse effect, misnamed perhaps, but nevertheless the physics of which
Is well established both theoretically and experimentally.

These facts led to the conclusion that the increasing CO, concentration in our
atmosphere should lead to further warming od the Earth’s surface. The key
question is how much? Was Svante Arrhenius correct in estimating 3°C of
warming if the CO, concentration hits 450 ppm, which, at current rates, will occur
by 20507 And even if this were true, what impact would a 3°C rise have on the
globe? (Krauss, p.68)



Absorption bands
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Some H,O and CO, absorption bands do overlap, so adding CO, will not increase
the absorption?

Answer: the distribution of H,O and CO, in troposphere and stratosphere is different,

so complementary trapping of IR can occur. (See the Lecture No. 3. on the vertical
structure of the atmosphere).

https://earthobservatory.nasa.gov/features/RemoteSensing/remote_04.php



Radiative forcing
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Radiative forcing: gases
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Ocean temperature

Figure 1. Average Global Sea Surface Temperature, 1880-2020
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Post-glacial melting
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Anomalie temperatury
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while the thick lines show a nine-year weighted average. Blue lines represent daily highs, while purple lines
represent daily lows. The term “unusual” in this case is based on the long-term average conditions at each location.

This graph shows the percentage of the land area of the contiguous 48 states with unusually hot daily high and low
temperatures during the months of June, July, and August. The thin lines represent individual years, while the thick
lines show a nine-year weighted average. Red lines represent daily highs, while orange lines represent daily lows.
The term “unusual” in this case is based on the long-term average conditions at each location.

https://www.epa.gov/climate-indicators/climate-change-indicators-high-and-low-temperatures



Zmiany inmatyczne' Wielkie Jeziora

Greai Lakes large}y ice- free during normal ice peak

Great Lakes yearly maximum ice concentration (1973-2024)
100

90

Long-term .:ﬂ
80 decline s

0 i T g

Free | ;
e #—-—r
2 g*— ~ o "
i‘i" = ;- T o
oy IN

2T - enE

1973 1975 1930 1985 1990 1995 2000 2005 2010 2015 2020 2024 - =
' year B , e
Yatas '_||-.!

60

50

4

maximum ice concentration (%)
i [ LT1)
(=] = = =

(=]

ar .I , 2024 =
March 1, 2024

Satellite image of the Great Lakes on March 1, 2024 showing
very little ice cover during normal peak ice season, which
ranges from mid-February to early March.

A harmful algal bloom across western Lake Erie on
September 26, 2017. Graphic by NOAA Climate.gov, satellite

imagery from Landsat-8/NOAA National Centers for Coastal
Ocean Science.

https://www.climate.gov/media/15942 7
https://www.climate.gov/news-features/event-tracker/how-warm-winters-and-low-ice-may-impact-great-lakes
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Figure 1. Precipitation in the Contiguous 48 States, 1901-2021

Opady wykazujg spore wahania, ale systematycznie rosna
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Pokrywa lodowa na biegunach
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Permafrost
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Chapter 7: Believe it or not

The sign of a good theory is when models based on it get more detailed and more
precise theoretical predictions based on the improved models then agree better with
the data. [...] The physical principles behind the calculation of the radiative forcing —
the Chief driver of climate changes — are the same as those that underline the two-
hundred-years-old explanation of why the Earth’s surface is 330C warmer than it
would be without its current atmosphere.

When discussion turns to the issue of global Warming, it is easy to lose the
forest for the trees. [...] Each successive complexity that is included, from the
detailed structure of the atmosphere, both vertically and across Earth’s Surface, to
the role of Convection, the importance of clouds, ocean mixing and currents,
pollution, Earth’s albedo, and so on, is sometimes portrayed as a possible new
Achilles heel. [...] Afollowing relation between CO, and radiative forcing

Radiative Forcing (AP) = 5.35 (£0.5) In (C/C,) W/m?

This is not straightforward, and it is not clear that the same conversion factor would
prevail for different CO, and temperature values due to a host of other effects that
can enter as temperatures increase, from increased water pressure in the
atmosphere to effects of conversion, clouds, Surface albedo, heat storage in the
oceans, the temperature variation across the globe. (p. 85-87)



Carbon balance

Volcanism

=¥

https://www.pmel.noaa.gov/co2/files/carbon_cycle.jpg

<01 7.2

Fossil Fuel
& Cement
Emissions

A

Pg = Gt
Land-Use Land Respiration
Change sink NPP  &Fires
55.5
1.5 2.4

¥ .river export

weathering

river outgassing
/o2 :

" river fluxes

70

Atmosphere
[590 + 204]

22.2
70.6




Carbon emission

35 billion t
30 billion t
25 billion t
- Total emission 400 Gt
20 billion t
15 billion t

10 billion t

5 billion t

Ot ' '
1834 1860 1880 1900 1920 1940 1960 1980 2000 2022

https://ourworldindata.org/grapher/annual-co-emissions-by-region?time=1834..latest

International
aviation
International
shipping
Oceania

Asia (excl. China
and India)

China

India

Africa

South America
North America
(excl. USA)
United States

European Union
(27)

Europe (excl.
EU-27)



Carbon emission

40,000
Canada
35,000 Other
Latin America  Sub-Saharan Africa
30,000 and Caribbean
Middle East and
25,000 North Africa

20,000

15,000 United States

10,000

Emissions (million metric tons)

5,000

0
1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018

Year

https://www.epa.gov/climate-indicators/climate-change-indicators-global-greenhouse-gas-emissions



Carbon emission by sectors

50,000
I
“ —
5 ‘2 40,000
2 e ™ —
2 s
% E I
]
€ T 30,000
S o
2T
T3
...E, 5 20,000 " Land-use change and forestry
2 g Waste
% 2 B Industrial processes
- ,
E S 10,000 [ Agncultflre
% I International transport
B Energy
5 ]
1990 1995 2000 2005 2010 2015
Year

https://www.epa.gov/climate-indicators/climate-change-indicators-global-greenhouse-gas-emissions



Carbon emission

>
% Oil 34%
& |
7]
=
Qo
W |
7))
E Gas 18%
(b}
(a]
@)
@)

e Cement 5%
() eeeee *e : * M B :
1960 1970 1980 1990 2000 2010
Year

https://www.geokniga.org/bookfiles/geokniga-co2sequestration.pdf



Carbon sequestring

Vertical well Horizontal well

20°C, 10 bar /

Ground surface

Potable aquifer
CO, gas
K X N X N X N N X § § | L 2 2 2 X X N R & 3 2 N N N N N N §
SC C02 Free CO, phase

e 1.5 - 3 kM ——p

Figure 2. Schematic diagram of a carbon sequestration system shown as geologic cross section and illus-
trating the typical conditions and rock properties encountered. The transition of gaseous CO, to supercriti-
cal CO, typically occurs at depths of 1-1.5 km.

C02 + CaAleip_Og . 2H20 = A]QSIQOS(OH)4 + C&CO3

Donald DePaolo, LBL
https://www.geokniga.org/bookfiles/geokniga-co2sequestration.pdf
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Article history: In this paper we describe the thermodynamic and kinetic basis for mineral storage of carbon dioxide in
Received 30 April 2009 basaltic rock, and how this storage can be optimized. Mineral storage is facilitated by the dissolution of CO-
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into the aqueous phase. The amount of water required for this dissolution decreases with decreased
temperature, decreased salinity, and increased pressure. Experimental and field evidence suggest that the
factor limiting the rate of mineral fixation of carbon in silicate rocks is the release rate of divalent cations
fromsilicate minerals and glasses. Ultramafic rocks and basalts, in glassy state, are the most promising rock
types for the mineral sequestration of CO, because of their relatively fast dissolution rate, high
concentration of divalent cations, and abundance at the Earth’s surface. Admixture of flue gases, such as SO,
and HF, will enhance the dissolution rates of silicate minerals and glasses. Elevated temperature increases

Keywords:

CO, fixation

CO, sequestration
Mineral carbonation

Mineral storage dissolution rates but porosity of reactive rock formations decreases rapidly with increasing temperature.
Basalt carbonation Reduced conditions enhance mineral carbonation as reduced iron can precipitate in carbonate minerals.
Dissolution rate Elevated CO, partial pressure increases the relative amount of carbonate minerals over other secondary

minerals formed. The feasibility to fix CO, by carbonation in basaltic rocks will be tested in the CarbFix
project by: (1) injection of CO, charged waters into basaltic rocks in SWiceland,(2) laboratory experiments,
(3) studies of natural analogues, and (4) geochemical modelling.
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Fig. 6. Aerial photograph of the Hellisheidi geothermal power plant and the CarbFix
injection site which includes an injection and several monitoring wells. The
geothermal power plant as a source of the CO, isapproximately 3 km to the north of
the injection site. The moss covered post-glacial basaltic lava flows cover the
ground in the upper right part of the figure. The hill to the left of the power plant is a
hyaloclastite (broken glass) ridge. This formation is mostly basaltic glass, formed
under glacier during the last glaciations.
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Fig. 9. Arial photo of the CarbFix injection site at Hellisheidi. The soil degassing
sample spots are superimposed on the figure. The colour of the spots indicates the
flux from O to 1830 gCO2/m*/day. The sample spots are concentrated around the
injection well (HN-2) and the first two monitoring wells (HN-4 and HK-34). The flux
is uniform with few excursions. The average flux is 3 gC0O,/m?/day.




Podsumowanie

« Dane, zebrane (GK) z réznych, najnowszych zrodet wskazujg na
nasilenie sie procesow sygnalizowanych w moim ,klasycznym”
wyktadzie z Politechniki w Mediolanie (1999), Politechnik w Gdansku
(2000) a ostatni TV UMK

« Dane te zostaty zebrane jako ilustracja tez i pytan z ksigzki L. Kraussa

« Autor ten pyta jednak ,przytomnie”, czy nasilanie sie efektu
cieplarnianego bedzie miato jakas granice ,nasycenia”

« Na egzamin obowigzuje opowiedzenie, jakie wskazniki zostaty w tym
wyktadzie przywotane

Torun, 08.01.2025



