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Opowiesc¢ o historii naukowej
klimatu zaczniemy od brytyjskiego
astronoma Williama Herschella, ktory
w 1801 roku, wiedzac ze wiele gwiazd
zmienia jasnosc zadat pytanie: a jak
jest ze Stoncem?

Wiedzac o zmiennej licznie plam na
Stoncu, ktére obserwowano od czasow
Galileusza skojarzyt ich brak w dtugich
okresach w 17 wieku z zapisami o
cenach zboz, ktore jak argumentowat
powinny byC zwigzane z okresami
suszy.

Stad wywiodt wniosek o wptywie
Stonca na klimat.

Friedrich Wilhelm Herschel (ur. 15 listopada 1738 r. w
Hanowerze, Niemcy, zm. 25 sierpnia 1822 r. w Windsorze) —
astronom, konstruktor teleskopéw i kompozytor, znany z wielu
odkry¢ astronomicznych, a szczegolnie z odkrycia Urana.
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XI1II. Observations tending o investigate the Nature of the Sun,
in order to find the Causes or Symptoms of its variable Emission
of Light and Heat; with Remarks on the Use that may pos-
sibly be drawn from Solar Observations. By William Herschel,
L.L.D. F.R.S.

Read April 16, 1801.

ON a former occasion I have shewn, that we have great reason
to look upon the sun as a most magnificent habitable globe;
and, from the observations which will be related in this Paper,
it will now be seen, that all the arguments we have used before
are not only confirmed, but that we are encouraged to go a
considerable step farther, in the investig .ition of the physical and
planetary construction of the sun. The influence of this emi-
nent body, on the globe we inhabit, is so great, and so widely
diffused, that it becomes almost a duty for us to study the ope~
rations which are carried on upon the solar surface. Since light
and heat are so essential to our well-being, it must certainly
be right for us to look into the source from whence tiiey are
derived, in order to see whether some material advantage may
ot be drawn from a thorough acquaintance with the causes
from which they originate. '

A similar motive engaged the Egyptians formerly to study
and watch the motions of the Nile: and to construct instru-
ments for measuring its rise with accuracy. They knew very
well, that it was not in their power to add a single inch to the

Observations Tending to
Investigate the Nature of the Sun,
in Order to Find the Causes or
Symptoms of Its Variable Emission
of Light and Heat; With Remarks
on the Use That May Possibly Be
Drawn from Solar Observations

William Herschel
Philosophical Transactions of the

Royal Society of London
Vol. 91 (1801), pp. 265-318



Okoto 20 lat pdzniej francuski fizyk i
matematyk, Joseph Fourier oszacowat ze
temperatura powierzchni naszej planety
jest wyzsza niz wynikatoby z doptywu
energii stonecznej i spekulowat, ze byc
moze atmosfera ma witasnosci izolacyjne,
utrudniajgce ucieczke ciepta w przestrzen
kosmiczna.

Zjawisko to nazwalt, przez analogie do
obserwowanego przez De Sausierre'a w
naczyniu z wieloma szybami wzrostu
temperatury w stosunku do otoczenia,
efektem cieplarnianym.

Dwie podstawowe hipotezy fizyki
klimatu sformutowano juz na poczatku XIX
wieku !!!

Fourier J (1827). "Mémoire Sur Les Températures Du Globe Terrestre Et Des
Espaces Planétaires". Mémoires de I'Académie Royale des Sciences 7: 569-604

Jean Baptiste Joseph Fourier (ur. 21 marca 1768 w Auxerre
- zm. 16 maja 1830 r. w Paryzu) — francuski matematyk i
fizyk.



Dwie podstawowe hipotezy fizyki klimatu sformutowano juz na poczatku XIX wieku !
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JLES TEMPERATURES . DU WULOBE . lLiililSI‘RL ET
DES ESPACES PLANETATIRES.

Paa M. FOURIER.

' . T

Lia question des températures terrestres. Fune:des plus
importantes-et des - plus difficiles de-toute Ia.philosophie na-
turelle, se compose d'éléments assez divers.qui daivent.étre
considérés sous un. point de yue général. Jai ‘pensé qu'il
serait utile- de réunic dans. un seul gcrit les .conséquences
principales dé vette, théoric; les détails analytiques gae V'on
omet- ici .se trouvent pour:-la plupart.dans.lpsiouvrages que
I’ai déja publiés. Fai désiré:surtout présenter nux physiciens:
dans un tabledu peu, dtendn | l‘enmmbleaies:n]nenﬁmﬂ et
les rapports. mathemmthuc:s qu'ils ont entre eak. . . 0 o

.La chaleur du globe tarrestrd dérive de: trois sources qu |l
est, d’abord . néeessaire deé. distingienr. .-

1o La. terre est: échatffée par les ruyom;s-oh.q-e-s dont
l'indgale-distribation _produit la diversité des:climats. ..

2 Elle participe 4 la température commnue des. espaces
plan€tdires ;. étant cxposde ia Virradiation des.astres innoim-
brables gui environaent de toutes pafts le systéme dolaire.

1824. —2



Byta pierwszym naukowcem, o ktérym wiadomao,
ze eksperymentowat z ocieplajgcym efektem
Swiatta stonecznego na rézne gazy, a nastepnie
teoretyzowat, ze zmiana proporcji dwutlenku
wegla w atmosferze zmieni jej temperature.
Opisata to swoim artykule

,Circumstances affecting the heat of the sun's
rays”

wspomnianym na konferencji American
Association for the Advancement of Science w
1856 roku.

Chociaz wydaje sie, ze kobiety mogty woéwczas
wygtaszac referaty w AAAS, profesor Joseph
Henry ze Smithsonian Institution wygtosit referat,
ktory identyfikowat badania jako jej prace.

Eunice Newton Foote (17 lipca 1819 - 30 wrzesnia
1888) byta amerykanska uczong (specjalizujgcg sie w
biologii, zwlaszcza botanice), wynalazczynig i
dziataczka na rzecz praw kobiet z Seneca Falls w
stanie Nowy Jork.




Eunice Newton Foote (1819-1888)

»,Foote’s paper demonstrated the interactions of the sun’s rays on

different gases through a series of experiments using an air pump, " CIRCUMSTANCES

four thermometers, and two glass cylinders. First, Foote placed two

thermometers in each cylinder and, using the air pump, removed

the air from one cylinder and condensed it in the other. Allowing

both cylinders to reach the same temperature, she then placed the Affecting fhe Beat of the Suw's Bavs.
cylinders with their thermometers in the sun to measure

temperature variance once heated and under various states of

moisture. She repeated this process with hydrogen, common air,

and ¢ '

as2 On the Heat in the Sun's Rays. ! Marcow’s Geological Map of the Usited States. F BY MRS. EUNICE FOOTE.
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Spekulacje Fouriera o
izolacyjnych wtasnosSciach gazow
atmosferycznych zostaty
potwierdzone doswiadczalnie
czterdziesSci lat pozniej.

Irlandzki fizyk John Tyndall
zmierzyt w laboratorium, ze para
wodna oraz dwutlenek wegla (a
takze niektore inne gazy) absorbujg
promieniowanie cieplne
(podczerwone).

John Tyndall (ur. 2 sierpnia 1820 — zm. 4
grudnia 1893) — irlandzki filozof przyrody, badacz i
odkrywca zjawisk fizycznych z zakresu m.in.
magnetyzmu, glacjologii, chemii fizycznej i
bakteriologii, cztonek Royal Society, alpinista:
pierwszy zdobywca m.in. Weisshornu.

(rfe.




ON RADIATION.

Spis tresci jednej z prac Tyndalla.

THE “ REDE" LECTURE, DELIVERED IN THE SENATE
HOUSE, BEFORE THE UNIVERSITY OF CAMBRIDGE,

ENGLAND, ON TUESDAY, MAY 16, 1865. . racm
1. Visible and Invisible Radiation.......... cceersessacasanne .o B
2. Origin and Character of Radiation. The Ether................. 9
8. The Atomic Theory in Reference to the Ether. . ... ........... .o 12
4. Absorption of Radiant Heat by Gases.. . . e ..o cccecccccansas e.o 13
B. Formation of Invisible Foci. .. ..o it erincncnccancnsoss 17
6. Visible and Invisible Rays of the Electric Light.. ............... 19
7. Combustion by Invisible Rays.................... errrcssanan 21
8. Transmutation of Rays. Calorescence. .. ...ccccceecccccccacna 23
9. Deadness of the Optic Nerve to the Calorific Rays.. ........... .o 20

10. Persistence of RayB. .. .. . ... i ttececcccaccccccssccsnccassasa 2%
11. Absorption of Radiant Heat by Vapours and Odours.......... .~ . 31
13. Aqueous Vapour in Relation to Terrestrial Temperatures......... 88
13. Liquids and their Vapours in Relation to Radiant Heat.......... 36
14. Reciprocity of Radiation and Absorption. .. ... eeevceeeeeeceens 87
15. Influence of Vibrating Period and Molecular Form. Physical

Analysis of the Human Breath.........ccccteeceeccnccea.. 40
16. Summary and Conclusion...... P ¥ |



Heat Heat e, Galvanometer Eraas tube with rock-salt plugs at each end. Heat
source SCTeEN with conical The tube contains the gas that is under study. source
reflectors:

Circulating cold 1unna.‘ﬂar
SIJl‘-H a heat conduction

éi

l
I
J manometer
1

The gas or gas mixture can
pass through some filtration
process beforehand

Container of gas or gas [ ’

#r{g
mixture to be studied m

llustracja z 1861 z jednej z ksigzek napisanych przez Johna Tyndalla pokazujgca
uktad eksperymentalny do pomiaru absorpcji promieniowania podczerwonego
przez gazy i pary.



Tyndall w roku 1860 pisat:

,De Saussure, Fourier, M. Pouillet, and Mr. Hopkins regard this interception of the terrestrial rays as
exercising the most important influence on climate. . . every variation [in aqueous vapour] must produce a
change of climate. Similar remarks would apply to the carbonic acid diffused through the air, while an
almost inappreciable admixture of any of the hydrocarbon vapours would produce great effects on the
terrestrial rays and produce corresponding changes of climate. It is not, therefore, necessary to assume
alterations in the density and height of the atmosphere to account for different amounts of heat being
preserved to the earth at different times; a slight change in its variable constituents would suffice for this.
Such changes in fact may have produced all the mutations of climate which the researches of geologists
reveal.”

W wolnym ttumaczeniu brzmi to tak:

» De Saussure, Fourier, M. Pouillet i Pan Hopkins podkreslali znaczenie pochtaniania promieniowania
ziemskiego jako zjawiska najbardziej wptywajgcego na klimat.... kazda zmiana [wody I pary wodnej] musi
wywotywac zmiany klimatyczne. To samo odnosi sie do dwutlenku wegla obecnego w powietrzu, albo
nawet niezauwazalnych domieszek weglowodorow, ktore majg ogromne znaczenie dla promieniowania
ziemskiego i skutkujg zmianami klimatu. Dlatego, dla wyjasnienia faktu ze w roznych epokach
(geologicznych) przy powierzchni Ziemi byty utrzymywane rozne ilosci ciepta, nie trzeba zaktadac istotnych
zmian gestosci powietrza czy gtebokosci atmosfery,; niewielkie zmiany w skfadzie powietrza zupetnie do
tego wystarczajgq. Takie zmiany mogly powodowac wszystkie zmiany klimatu ktore odkrywajg geolodzy.”



Badania tego, jak na bilans energii planety
wplywa Stonce, a jak efekt cieplarniany mozna
byto wykonac tylko dzieki dzieki danym
obserwacyjnym o strumieniu energii
doptywajacej od Stonca — tzw. ,stalej stonecznej”
oraz obserwacjom astronomicznym w
podczerwieni.

Pionierem jednych i drugich byt amerykanski
fizyk, i astronom Samuel Pierpont Langley.

Wynalazt on bolometr usprawniajgcy pomiary
energii przenoszonej przez promieniowanie
stoneczne i jest autorem metody Langleya
umozliwiajgcej okreslenie pochtaniania
atmosfery a tym samym okreslenie statej
stonecznej.

Samuel Pierpont Langley (ur. 22 sierpnia 1834, zm. 27 lutego 1906,
amerykanski fizyk, astronom, pionier lotnictwa, zatozyciel Smithsonian
Institution, prowadzit pomiary energii docierajgcej do Ziemi od Stonca.
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: Langley byt takze pionierem lotnictwa.
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Svante Arrhenius, szwedzki chemik
ktory dziatat naukowo pa przetomie XIX i
XX wieku, pierwszy zrozumiat role
dwutlenku wegla jako waznego dla zmian
klimatu gazu cieplarnianego.

Wykonat pierwsze na swiecie
obliczenia transferu radiacyjnego przez
atmosfere. Zrobit to dla roznych
szerokosci geograficznych.

Svante August Arrhenius

(ur. 19 lutego 1859 w Uppsali, zm. 2 pazdziernika 1927 w
Sztokholmie) — szwedzki chemik i fizyk, jeden z tworcow
chemii fizycznej.




On the Influence of Carbonic Acid
in the Air upon the Temperature of
the Ground

Svante Arrhenius

Philosophical Magazine and Journal of Science
Series 5. Volume 41, April 1896, pages 237-276.

This photocopy was prepared by Robert A. Rohde for Global Warming
Art (http://www.globalwarmingart.com/) from original printed material

that is now in the public domain.

Arrhenius’s paper is the first to quantify the contribution of carbon
dioxide to the greenhouse effect (Sections I-IV) and to speculate about
whether variations in the atmospheric concentration of carbon dioxide
have contributed to long-term variations in climate (Section V).
Throughout this paper, Arrhenius refers to carbon dioxide as “carbonic
acid” in accordance with the convention at the time he was writing.

Contrary to some misunderstandings. Arrhenius does not explicitly
suggest in this paper that the burning of fossil fuels will cause global
warming, though it is clear that he is aware that fossil fuels are a
potentially significant source of carbon dioxide (page 270). and he does
explicitly suggest this outcome in later work.

THE

LONDON, EDINBURGH, axpo DUBLIN

PHILOSOPHICAL MAGAZINE

AND
JOURNAIL OF SCIENCE.

[FIFTH SERIES.]

APRIL 1896,

XXXI1. On the Iufluence of Carbonic Acid in the Air upon
the Temperature of the Ground. By Prof. Svaste
ARRHENIUS *,

I. Introduction : Observations of L:mg]u\' on
Atmospherical Absorption.

GREAT deal has been written on the influence of
LA the absorption of the atmosphere upon the climate.
Tyndail t in particular has pointed out the enormous im-
portance of this question.  To him it was chiefly the diurnal
and annual variations of the temperature that were lessened by
this circumstance.  Another side of the question, that has long
attracted the attention of physicists, is this: Is the mean
temperature of the ground in any way influenced by the
presence of heat-absorbing gases in the :IllilO.“Ii]ll'l‘l' ? Fouriert
maintained that the atmospliere acts like the glass of a hot-
house, because it lets through the light rays of the sun but
retains the dark rays from the ground. This idea was
elaborated by Pouillet § ; and Langley was by some of his
researches led to the view, that *the temperature of the
earth under direct sunshine, even though our atmosphere
were present as now, would probably fall to —200° C., if
that atmosphere did not possess the quality of selective

\

* Extract from a paper presented to the Royal Swedish Academy of
Seiences, 11th December, 1895, Communicated by the Author, ;

t ‘Heat a Mode of Motion,” 2ud ed. p. 403 (Load,, 1863).

I Mém. de U'Ae. R. d. Sci. de I'Inst. de France, t. vii, 1827,

§ Comptes rendus, t. vil. p. 41 (1838),

Phil, Mag. S. 5. Vol. 41. No. 251, April 1896. S



TaBLE VII.— Variation of Temperature

caused by a given Variation of Carbonic Acid.
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over the whole globe.

ADpDENDUMX,

As the nebulosity is very different in different latitudes,
and also different over the sea and over the continents, it is
evident that the influence of a wvariation in the carbonic acid
of the air will be somewhat different from that ealculated
above, where it is assumed that the nebulosity is the same

I have therefore estimated the nebu-

losity at ditterent latitudes with the help of the chart published
by Teisserenc de Bort, and calculated the following table for

Nebulosity.

Reduction factor.

0-67. 1
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Arrhenius wyliczyt tez
dodatkowo poprawke
na nieprzezroczystosc
atmosfery
(aerozole!!!)



Wyniki obliczen Arrheniusa skrytykowat w 1900 rinny
wptywowy szwedzki fizyk, Knut Angstrém, ktory
zinterpretowat wyniki pomiarow absorpcji podczerwien
w gazach cieplarnianych wykonane btednie przez
swojego asystenta (J. Kocha) i ogtosit, ze przy
wzroscie zawartosci gazéw cieplarnianych w powietrzt
efekt cieplarniany ulegnie wysyceniu.

Ten poglad szybko zdobyt popularnos¢ w kregach
naukowych, mozna o tym przeczyta¢ np. w wydanym
w 1909 roku podreczniku ,Fizyka Ziemi”. Lata minety,
zanim zauwazono btedy w pomiarach prowadzonych
przez Kocha a btedny wynik rozpropagowany przez
Angstréma stat sie podstawa jednego z powszechnych
“mitéw klimatycznych”.

Transmission 1n 10-22 micron band

W 1914 r. niemiecki astrofizyk Karl Schwarzchild
sformutowat rownanie transferu radiacyjnego, ktore w
zmodyfikowanych wersjach jest do dzis w uzyciu.
Angstrom nie uwzglednit emisji promieniowania przez
gaz ani innych mechanizmdéw transportu energii (np.
konwekcja — patrz rownowaga radiacyjno-
konwekcyjna).
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W 1896 Arrhenius, probujac wyjasni¢ przyczyny epok
lodowych, oszacowat ze spadek koncentracji CO; o potowe
powinien przynieS¢ skutek w postaci spadku temperatury w
Europie o0 4-5°C.

Sprawdzajgc czy takie zmiany sktadu atmosfery byty
mozliwe, Arrhenius skonsultowat sie z geologiem Arvidem
Hogbomem, ktory badat naturalne procesy geochemiczne, w
tym emisje wulkaniczne. Hogbom zauwazyt, ze emisje
naturalne byly (w tym okresie) zblizone do emisji ze zrédel
przemystowych, mogac w zauwazalny sposob zmienic¢ sktad
atmosfery.

Arrhenius powtorzyt obliczenia dla sytuacji podwojenia
koncentracji CO, w atmosferze. W wyniku otrzymat mozliwy
wzrost temperatury powierzchni planety o 5-6°C. Kilkanascie lat
pozniej emisje wielokrotnie wzrosty i w 1908 roku Arrhenius
pisat ze przewidywany przez niego wczesniej wzrost
temperatury moze w ciggu kilkuset lat.

Nie uwazat tego za niebezpieczne, a raczej za korzystne
dla Szwecji.

Arvid Gustaf Hogbom

(ur. 11 stycznia 1857, zm. 19 stycznia
1940. Szwedzki geolog, jeden z
pionieréw geochemii.



Thomas C. Chamberlin w serii
publikacji z ostatnich lat XIX wieku
rozpropagowat teorie i obliczenia
Arrheniusa wsrod geologow.

Jako pierwszy dowodzit ze
atmosferyczny CO:. jest jednym s gtownych
,egulatorow” temperatury powierzchni
naszej planety.

Byt pierwszym, ktory pokazat ze jedyng
droga do zrozumienia procesow
klimatycznych jest uwzglednienie wielu
roznych procesow: nie tylko Stonca, tylko
sktadu powietrza, ale roli oceandw,
wulkanizmu, mineralogii, przemian
chemicznych. Wprowadzit pojecie sprzezen
w systemie klimatycznym.

Thomas Chrowder Chamberlin, ur. 25 wrzesnia
1843, zm. 15 listopada 1928, amerykanski geolog,
pierwszy postawig hipoteze ze zrédiem ciepta we
wnetrzu Ziemi sg procesy promieniotworcze,
propagowat teorie Arrheniusa o znaczeniu CO2 w
procesach klimatycznych.



An Attempt to Frame a Working Hypothesis of the Cause of Glacial Periods on an Atmospheric Basis

T. C. Chamberlin The Journal of Geology Vol. 7, No. 6 (Sep. - Oct., 1899), pp. 545-584

AN ATTEMPT TO FRAME A WORKING HYPOTHESIS
OF THE CAUSE OF GLACIAL PERIODS ON AN
ATMOSPHERIC BASIS*

THERE are hypotheses and working hypotheses. The sugges-
tion that the last glacial period was caused by the passage of the
solar system through a cold region of space may be styled a
hypothesis, but scarcely a working hypothesis in the geclogical
sense, for it does not form the groundwork or incentive of
geological inquiry. An astronomer might be moved to hunt
for the cold spot, but it has no inspiration for the geologist.
General suggestions of a possible cause do not reach the dignity
of working hypotheses until they are given concrete form, are
fitted in detail to the specific phenomena, and are made the
agents of calling into play effective lines of rescarch. The con-
struction of a concrete working hypothesis suited to stimulate
and guide investigation in a wholesome manner, and to take its
place in competition with other hypotheses of like working
potentialities, thereby inducing a more secarching scrutiny of
the phenomena and a more varied application of interpretations,
represents the higher limit of present reasonable aspiration. It
is much too ambitious to hope for a demonstrative solution of
the origin of the earth’'s glacial periods by first intention in the
present state of knowledge.

The hypothesis here offered is not worked out into satisfac-
tory detail at all points, but it is hoped that it is sufficiently
matured to justify a preliminary statement. In forming it,
which has been the work of several wyears, 1 have found, or
seemed to find, the phenomena of past glaciation intimately
associated with a long chain of other phenomena to which at

* A brief statement of the salient features of this hypothesis was given in a paper
entitled A Group of Hypotheses Bearing on Climatic Changes, JOUR. GEOL., Val.

W, pp. 653-683, Oct.—Nov. 1897. For earlier history see footnotes on pp. 654 and 681
of that paper.
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W | potowie XX wieku. najbardziej wytrwalym propagatorem tezy o
dominujgcym wptywie Stonca na klimat byt Charles Greeley Abbot,
nastepca Langleya w Smithsonian Astrophysical Observatory.

Kontynuowat on jego program pomiarow tzw. ,statej stonecznej’
ilosci energii ktorg Ziemia otrzymuje od Stonca. Na poczatku lat
dwudziestych zauwazyt on ze nazwa “stata” jest w tym wypadku zle
uzyta: energia zmienia sie np. zalezie od liczby plam na Stoncu. Jego
estymacje pokazywaty ze zmiany “statej” moga siega¢ 1% co musi
wptywac na klimat.

Juz w 1913 Abbot dowodzit ze widzi w danych prosta korelacje
liczby plam i temperatury Ziemi (co nie byto prawda: inni pokazali ze
jego wynik byt przypadkowy spowodowany de facto przypadkowym
zbiegiem w czasie z wybuchami wulkanéw ktore w odpowiednim
czasie chtodzity planete). Pewny siebie Abbot dowodzit ze poprawa
obserwaciji Stonca poprawi prognozy pogody.

Abbot byt sprawcg powszechnego do dzis przekonania ze rola
Stonca jest na tyle dominujgca w klimacie ze inne czynniki sg
drugorzedne.

Charles Greeley Abbot (ur.
31 maja 1872 w, zm. 17
grudnia 1973)/ Amerykanski
astrofizyk i astronom. Autor
prac z zakresu aktynometrii.
Specjalizowat sie w
badaniach fizyki Stonca.



W okresie pierwszej wojny
Swiatowej serbski inzynier i
matematyk, Milutin Milankovic,
analizujac zmiany ksztattu orbity |
nachylenia osi Ziemi, zauwazyt ze
zmiennoS¢ w doptywie energii
stonecznej spowodowana fluktuacjami
ksztattu orbity 1 nachylenia osi Ziemi
jest znaczna i to ona mogta
spowodowac przeszie zmiany klimatu.

Od tego momentu istniaty juz dwie
astronomiczne hipotezy (jeszcze nie
teorie — brakowato im oparcia w
danych doswiadczalnych) teorie
Klimatu

Milutin Milankovic, cyrylica: MunytnH MunaHkosuh
(ur. 28 maja 1879 — zm. 12 grudnia 1958), serbski
geofizyk i inzynier, jego teoria zmian orbitalnych
Ziemi poswiadczona dzis doswiadczalnie, ttumaczy
role doptywu energii od Stonca dla
powstania/zaniku zlodowacen.



Geophysical Uniaon, couresy
AIP Emilio Segre Visual Archives

Dwadziescia kilka lat pozniej, w 1931 amerykanski fizyk
E.O. Hulburt wykonat obliczenia podobne to tych jakie
zrobit Arrhenius uzywajac nowszych, znacznie
dokfadniejszych danych o wiasnosciach absorpcyjnych
CO.. Wynik otrzymat nieco inny : wzrost temperatury o 4°C

przy podwojeniu koncentracji CO, w powietrzu.

Ta praca, opublikowana w czasopismie Physical
Review przeszia niezauwazona przez badaczy klimatu

mimo dziatan popularyzatorskich.. E.O. Hulburt, amerykanski fizyk,
specjalista z zakresu optyki, |
transferu radiacyjnego.

Carbon Dioxide Heats the Earth

DI{. E. 0. HULBURT, physicist of the
naval research laboratory, Washing-
ton, has found conclusive mathematical
evidence that the earth’s temperature is
being warmed by the increased amount of
carbon dioxide present in the air. Smoke
stacks emit huge volumes of this gas,
which is also found in the breath and

FLYING TANKS . e : .
SHED WINGS waste products of humans and animals.




Pierwszym, ktéry powigzat eksperymentalnie
wzrost koncentracji atmosferycznego CO; ze
wzrostem temperatury byt angielski inzynier ktory
zajmowat sie hobbystycznie meteorologiag, G.S.
Callendar.

Analizujgc dane meteorologiczne od potowy
XIX w. zauwazyt dodatni trend przebiegu
temperatur w ciggu dziesiecioleci. Gdy
skonfrontowat aktualne (dala siebie) dane o
koncentracji atmosferycznego CO; z danymi
historycznymi, zauwazyt 10% wzrost. Na
podstawie tych danych oszacowat ze klimat
ociepli sie 0 2°C przy podwojeniu zawartosci CO-
W powietrzu.

Efekt ten, uwazat za korzystny,
(podobnie jak Arrhenius).

]
The Papers of Guy Stewart Callendar

Guy Stewart Callendar (luty 1898 -
pazdziernik 1964) inzynier i wynalazca
angielski wykonat pierwsze oszacowania
czutosci klimatu na podstawie danych
empirycznych
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From this the increase in mean temperature, due to the artificial production of carbon dioxide, is estimated to be at the rate of 0.003°C. per

year at the present time.

The temperature observations a t zoo meteorological stations are used to show that world temperatures have actually increased at an

average rate of 0.005°C. per year during the past half century.
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Warto podkreslic, ze juz pod koniec pierwszej potowy XX wieku, na dtugo przed ,wybuchem”
zainteresowania globalnym ociepleniem wyniki badan naukowych dowodzity, ze tzw. ,czutosc

klimatu” na podwojenie koncentracji CO, w powietrzu to od 2°C wg Callendara do 4°C wg

Hulburta.

Wedtug VI raportu IPCC
rownowagowa czutosc
klimatu to

2.5-4.0°C
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Pod wplywem prac Callendara zaczeto sie zastanawiac jak szybko klimat moze sie ocieplic.
Podstawowym pytaniem byito jaka czes¢ emitowanego przez ludzi CO2 rozpuszcza sie w
wodach oceanu a ile zostaje w atmosferze. Odpowiedz na to pytanie, podobnie jak weryfikacje
astronomicznych teorii zmian klimatu uzyskano, co ciekawe, dzieki rozwojowi fizyki jgdrowe,;.
Badania zawartosci statych i promieniotwdrczych izotopow wegla, tlenu, berylu, wodoru w
osadach, koralowcach, stalaktytach, rdzeniach lodowych, w roslinach, a takze w wodzie i
powietrzu pozwolity na niezwykte postepy w rozumieniu procesow klimatycznych.

Przetomowa praca, jeszcze niezbyt doktadnie ale jednoznacznie dokumentujgca, ze
obserwowany wzrost zawartosci CO2 w atmosferze i oceanie jest wynikiem emis;ji paliw
kopalnych, pozwalajgca oszacowac skale tego procesu oraz tempo w jakim ten wyemitowany
CO2 rozpuszcza sie w oceanie byta rozprawa opublikowana w 1957 r.

Jej autorami byli oceanolog Roger Revelle i fizyk jadrowy Hans Suess, jeden z pionieréw
metody datowania radioweglowego. Pochodzi z niej stynna, ale mato w Polsce znana, fraza:

»,Ludzkos¢ prowadzi teraz jedyny w swoim rodzaju eksperyment geofizyczny, ktory
nie wydarzyt sie nigdy w przesztosci ani nie bedzie mégt by¢ w przysztosci powtorzony.
W ciagu kilku stuleci zwracamy atmosferze i oceanowi wegiel odtozony przez nature w
skalach osadowych w procesie ktory trwat setki milionéw lat”.

"Human beings are now carrying out a large scale geophysical experiment of a kind
that could not have happened in the past nor be reproduced in the future. Within a few
centuries, we are returning to the atmosphere and oceans the concentrated organic
carbon stored in sedimentary rocks over hundreds of millions of years.”



Roger Randall Dougan Revelle (ur. 7 marca 1909 zm. 15 lipca 199.1),_
amerykanski oceanolog, badat tez cykl weglowy oraz emisje/pochfanianie
dwutlenku wegla przez ocean.

Carbon Dioxide Exchange Between Atmosphere and Ocean and
the Question of an Increase of Atmospheric CO, during the
Past Decades

By ROGER REVELLE and HANS E. SUESS, Scripps Institution of QOccanography, University
of California, La Jolla, California

{Manuseripr received September 4, 1956)

Abstract

From a comparison of C4/C'? and C*/C12 ratios in wood and in marine material and from
3 slight decrease of the C! concentration in terrescrial plants over the past so vears it can be
concluded that the average lifetime of 2 COg molecule in the atmasphere before it is dissolved
into the sea is of the order of 10 years. This means that most of the CO, released by artificial
fuel combustion sinece the beginning of the industrial revolution must have been absorbed
by the oceans. The increase of atmospheric CO, from this cause ic at present small but may
become significant during furure decades if ind ustrial fuel combustion continues 1o rise expo-
nendally,

Present data on the total amount of €O, in the atmosphere, on the rates and mechanisms of
cxchange, and on possible fiuctuations in terrestrial and marine organic carbon, are inadequate
for accurate measurement of future changes in atmospheric CO,, An opportunity exists during
the International Geophysical Year te obtain much of the necessary information.

Hans Eduard Suess (ur. 16 grudnia 1909, zm. 20 wrze$nia, 1_993) Aystrlackl
chemik fizyczny i fizyk jadrowy, jeden z pionierow zastosowania fIZ,ykI
jadrowej do datowania metoda radioweglowa, specjalista od badan
izotopowych.




Charles David Keeling byt
zatozycielem laboratorium o na
Mauna Loa.

Jego badania koncentracji CO-
w powietrzu prowadzone na
Mauna Loa, w Scripps (La Jolla,
California) i na Antarktydzie tworza
zreby najwazniejszych serii
pomiarowych pokazujgcych wzrost
koncentracji tego gazu wskutek
emisji antropogenicznych i w ten
sposob do antropogenicznego
wzmochienia efektu
cieplarnianego.

scrippsco2.ucsd.edu

Keeling Bullding

@ Memshad in hans ol
\ “”H
N ..,,...--m-—-r—u

Charles David Keeling (ur. 20 kwietnia 1928, zm. 20
czerwca 2005), oceanograf i geofizyk amerykanski,
zapoczatkowat regularne pomiary sktadu atmosfery w liku
laboratoriach, w tym w na mauna Loa na Hawajach.


http://scrippsco2.ucsd.edu/

Cumulative Fossil Fuel with Atmospheric COZ Increase
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Gilbert Plass prowadzit badania transferu
radiacyjnego finansowane przez Office of Naval
Research.

W latach 1954-55 uzyskat dostep do komputera
rozumiejac ze moze on byc¢ efektywnie wykorzystany
w obliczeniach transferu radiacyjnego.

Wykorzystujac najnowsze dane doswiadczalne
0 absorpcji CO2 w podczerwieni obliczyt, ze Srednia
temperatura powierzchni Ziemi wzrosnie o 3.6°C
przy podwojeniu koncentracji CO2 w powietrzu |
spadnie o0 a 3.8°C przy spadku koncentracji o
potowe. Uwzglednienie efektu albedo chmur dato w
obliczeniach efektywny wzrost temperatury o 2.5°C
przy podwojeniu CO2.

Pokazat, ze absorpcja podczerwienie przez CO2
nie jest zamaskowane przez absorpcje w przez pare

wodng .

Scanned at the American
Institute of Physics

Gilbert Norman Plass

(ur. 22 marca 1920, zm. 1 marca
2004)

Fizyk kanadyjski ktory wykonat
pierwsze w petni nowoczesne
symulacje numeryczne transferu
radiacyjnego w atmosferze.



The Carbon Dioxide Theory of Climatic Change

By GILBERT N. PLASS

The Johns Hopkins University, Baltimore, Md.r

(Manuscript received August 9 1955)

Abstract

The most recent calculations of the infra-red flux in the region of the 15 micron CO; band
show that the average surface temperature of the earth increases 3.6° C if the CO, concentration
in the atmosphere is doubled and decreases 3.8 C if the CO, amount is halved, provided that
no other factors change which influence the radiation balance. Variations in CO, amount of
this magnitude must have occurred during geological history; the resulting temperature changes
were sufficiently large to influence the climate. The CO, balance is discussed. The CO, equilib-
rium between atmosphere and oceans is calculated with and without CaCOyj equilibrium,
assuming that the average temperature changes with the CO, concentration by the amount
predicted by the CO, theory. When the total CO, is reduced below a critical value, it is found
that the climate continuously oscillates between a glacial and an inter-glacial stage with a period
of tens of thousands of vears; there is no possible stable state for the climate. Simple explanations
are provided by the CO, theory for the increased precipitation at the onset of a glacial period,
the time lag of millions of years between periods of mountain building and the ensuing glacia~
tion, and the severe glaciation at the end of the Carboniferous. The extra CO, released into the
atmosphere by industrial processes and other human activities may have caused the temperature
rise during the present century. In contrast with other theories of climate, the CO, theory
predicts that this warming trend will continue, at least for several centuries.

Introduction

In 1861, TYNDALL wrote that “if, as the above
cperiments indicated, the chief influence be
cercised by the aqueous vapour, every varia-
on of this constituent must produce a change

f climate. Similar remarks would apply to the
wrhonic armd  difuced thronch the air . .

may have produced all the mutations of
climate which the rescarches of geologists
reveal. However this may be, the facts above
cited remain: they constitute true causes, the
extent alone of the operation remaining doubt-
ful.” A century of scientific work has been
necessary in order to calculate with any



Norman A. Phillips, 1956.

The general circulation of the atmosphere: a
numerical experiment. Quarterly Journal of the
Royal Meteorological Society 82 (352): 123—-
154.

Manabe, Syukuro and Richard T. Wetherald,
1967. Thermal Equilibrium of the Atmosphere
with a Given Distribution of Relative Humidity.
Journal of Atmospheric Science 24, 241-259.

Twarcy pierwszych nowoczesnych
modeli cyrkulacji ogolnych
atmosfery.




Il
Restoring the quality of

our environment

Jako pierwszy wsrod przywodcow panstw zapoznat sie z tym
tematem prezydent USA Lyndon B. Johnson. Miato to miejsce
juz ponad pot wieku temu — w 1965 roku. Dokument
,Restoring The Quality of Our Environment”

byt pierwszym oficjalnym raportem, przedstawionym
jakiemukolwiek rzgdowi na swiecie, w ktérym opisano mozliwe
zagrozenia spowodowane wzrostem stezenia CO2 w
atmosferze.

Napisania tej czesci dokumentu podjeli sie uznani naukowcy,
aktywnie uczestniczacy w badaniach: Roger Revelle
(oceanolog), Wallace Broecker (specjalista od
paleoklimatologii), Charles Keeling (geochemik i fizyk
atmosfery), Harmon Craig (geochemik i oceanograf) oraz
Joseph Smagorisnky (meteorolog i specjalista od
modelowania numerycznego).



Wallace S. Broecker, Science, Vol. 189, No. 4201 (Aug. 8, 1975), 460-463

Climatic Change: Are We on the Brink of a

Pronounced Global Warming?

Abstract, If man-made dust is unimportant as a major cause of climatic change, then a
strong case can be made that the present cooling trend will, within a decade or so, give
way to a pronounced warming induced by carbon dioxide. By analogy with similar events
in the past, the natural climatic cooling which, since 1940, has more than compensated
for the carbon dioxide effect, will soon bottom out. Once this happens, the exponential
rise in the atmospheric carbon dioxide content will tend to become a significant factor
and by early in the next century will have driven the mean planetary temperature beyond

the limits experienced during the last 1000 years.

Fig. 1. Curves for the global
temperature change due to
chemical fuel CO,, natural
climatic cycles, and the sum
of the two effects. The mea-
sured temperature anomaly
for successive 5-year means
from meteorological records
over the last century is given
for comparison.
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Jule Gregory Charney (ur. 1 stycznia
1917, zm. 16 czerwca, 1981)
amerykanski meteorolog, pionier
numerycznych prognoz pogody, tworca
nowoczesne] meteorologii dynamiczne,;.

W 1979 Charney kierowat "ad hoc study group on carbon dioxide and climate". Grupe te
powotata amerykanska Narodowa Rada Badan Naukowych (National Research Council).

Efektem dziatan grupy byt 22 stronicowy raport, "Carbon dioxide and climate: A
scientific assessment"” (“Dwutlenek wegla i klimat: przeglad stanu wiedzy”). To pierwszy
wspotczesny raport-przeglad stanu wiedzy na temat globalnego ocieplenia. Gtowny wynik: "We
estimate the most probable global warming for a doubling of CO2 to be near 3°C with a

probable error of £ 1.5°C."
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The Intergovernmental Panel on Climate Change (IPCC), established in 1988
Is the United Nations body for assessing the science related to climate change
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IPCC First Assessment Report 1990 (FAR)

(OUT OF PRINT) Digitized by the Digitization and Microform Unit, UNOG Library, 20710
(Available in English only except where stated)

CLIMATE CHANGE CLIMATE CHANGE

Working Group | Working Group I Working Group lll: First Assessment Report
Scientific Assessment of Impacts Assessment of Climate The IPCC Response Strategies Overview Chapter (PDF})
Climate Change Change Also in: Chinese - French -
CLICK HERE CLICK HERE CLICK HERE Russian - Spanish
1.0.1 We are certain oftkefouowing: 1.0.3 Based on current model results, we
predict:

There is a natural greenhouse effect which already
keeps the Earth warmer than it would otherwise be.

Emissions resulting from human activities are substan-
tially increasing the atmospheric concentrations of the
greenhouse gases: carbon dioxide, methane, chloro-
fluorocarbons (CFCs) and nitrous oxide. These increases
will enhance the greenhouse effect, resulting on average
in an additional warming of the Earth’s surface. The
main greenhouse gas, water vapour, will increase in
response to global warming and further enhance it.

An average rate of increase of global mean
temperature during the next century of about 0.3°C per
decade (with an uncertainty range of 0.2—0.5°C per
decade) assuming the [PCC Scenario A (Business-as-
Usual) emissions of greenhouse gases; this is a more
rapid increase than seen over the past 10,000 years.
This will result in a likely increase in the global mean
temperature of about 1°C above the present value by
2025 (about 2°C above that in the pre-industrial
period), and 3°C above today’s value before the end of
the next century (about 4°C above pre-industrial). The

gy | (RS . CUPTORE T STRITUR. [y U prTi a1 ORI, oy ey Dt



2. Impacts

2.0.1 The report on impacts of Working Group 11 is
based on the work of a number of subgroups, using
independent studies which have used different
methodologies. Based on the existing literature, the studies
have used several scenarios to assess the potential impacts
of climate change. These have the features of:

1)  an effective doubling of CO, in the atmosphere
between now and 2025 to 2050;

i1) aconsequent increase of global mean temperature in
the range of 1.5°C t0 4.5°C;

iii) an unequal global distribution of this temperature
increase, namely a smaller increase of half the global
mean in the tropical regions and a larger increase of
twice the global mean in the polar regions;

iv) asea-level rise of about 0.3—0.5 m by 2050 and about
1 m by 2100, together with a rise in the temperature of



1992 Supplementary Reporis

(OUT OF PRINT) Digitized by the Digitization and Microform Unit, UNOG Library, 2010
{Available in English only except where stated)

The Supplementary Report to The Supplementary Report to The IPCC 19890 and
The IPCC Scientific Assessment The IPCC Impacts Assessment 1992 Assessments
CLICK HERE CLICK HERE CLICK HERE

IPCC Second Assessment Report: Climate Change 1995 (SAR)

(OUT OF PRINT) Digitized by the Digitization and Microform Unit, UNOG Library, 2070.
(Available in English only except where stated)

CLIMATE CHAMNGE 1995

Working Group I: Working Group Il Working Group I IPCC Second Assessment
The Science of Climate Change Impacts, Adaptations and Economic and Social Full Report (PDF}
Full Report (PDF} Mitigation of Climate Change: Dimensions of Climate Change Errata
Scientific-Technical Analyses Full Report (PDF}
Full Report (PDF} Arabic - Chinese - French-

Russian - Spanish



IPCC Third Assessment Report: Climate Change 2001 (TAR)

CLIMATE CHANGE 20d1

Working Group I Working Group I Working Group 1z
The Scientific Basis Impacts, Adaptation and Mitigation
Vulnerability

WG1 - Summary for Policymakers

This Summary for Policymakers (SPM), which was approved by IPCC member governments in Shanghai in January 20012, describes the current state of
understanding of the climate system and provides estimates of its projected future evolution and their uncertainties. Further details can be found in the

underlying report, and the appended Source Information provides cross references to the report's chapters.
An increasing body of observations gives a collective picture of a warming world and other changes in the climate system.

Since the release of the Second Assessment Report (SAR?), additional data from new studies of current and palaeoclimates, improved analysis of data sets, -
more rigorous evaluation of their quality, and comparisons among data from different sources have led to greater understanding of climate change.

The global average surface temperature has increased over the 20th century by about 0.6°C.

CLIMATE CHANGE 2001

ot

Synthesis Report

The Third Assessment Report of Working Group I of the Intergovernmental Panel on Climate Change (IPCC) builds upon past assessments and incorporates NeW  variations of the Earth's surface temparature for:
results from the past five years of research on climate change!. Many hundreds of scientists? from many countries participated in its preparation and review. (a) the past 140 yoars

Oipatiesintopesahan G
roen e 1981 1 1930 srege
2

.
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() the past 1,000 years

RORTHE RN HEAUSPHERE
« The global average surface temperature (the average of near surface air temperature over land, and sea surface temperature) has increased since 1861.
Over the 20th century the increase has been 0.6 * 0.2°C?, ¢ (Figure la). This value is about 0.15°C larger than that estimated by the SAR for the period up gg
to 1994, owing to the relatively high temperatures of the additional years (1995 to 2000) and improved methods of processing the data. These numbers 3
take into account various adjustments, including urban heat island effects. The record shows a great deal of variability; for example, most of the warming E ]
occurred during the 20th century, during two periods, 1910 to 1945 and 1976 to 2000. “E-M
+ Globally, it is very likely” that the 1990s was the warmest decade and 1998 the warmest year in the instrumental record, since 1861 (see Figure 1a). ;;
» New analyses of proxy data for the Northern Hemisphere indicate that the increase in temperature in the 20th century is likely’ to have been the largest of . [ 1
any century during the past 1,000 years. It is also likely” that, in the Northern Hemisphere, the 1990s was the warmest decade and 1998 the warmest year L™ |
(Figure 1b). Because less data are available, less is known about annual averages prior to 1,000 years before present and for conditions prevailing in most o we W RS we e

of the Southern Hemisphere prior to 1861.
* On average, between 1950 and 1993, night-time daily minimum air temperatures over land increased by about 0.2°C per decade. This is about twice the 3188 750 VaRTs Srig Bic oS PR nE

rate of increase in daytime daily maximum air temperatures (0.1°C per decade). This has lengthened the freeze-free season in many mid- and high latitude () me gartts surface temperature is shown year by year

regions. The increase in sea surface temperature over this period is about half that of the mean land surface air temperature.

Figure 1: Varlations of the Earth's surface lemperature over

(red bars) and approximately decade by decade (black
Iine, a fitered annual curve suppressing fuctuations below
near decadal



IPCC Fourth Assessment Report: Climate Change 2007 (AR4)
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Working Group | Report Working Group |l Report Working Group Il Report
"The Physical Science Basis" "Impacts, Adaptation and "Mitigation of Climate Change”
Vulnerability"

1. Observed changes in climate and

their effects

Warming of the climate system is unequivocal, as is
now evident from observations of increases in global
average air and ocean temperatures, widespread melt-
ing of snow and ice and rising global average sea level
(Figure SPM.1). (1.1}

The AR4 Synthesis Report
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IPCC Fifth Assessment Report

lpee

CLIMATE CHANGE B0
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Working Group | Report Working Group Il Report Working Group lll Report "Climate Change 2014:
"Climate Change 2013: The "Climate Change 2014: "Climate Change 2014: Synthesis Report”
Physical Science Basis” Impacts, Adaptation, and Mitigation of Climate Change”

SPM 1.  Observed Changes and their Causes

Human influence on the climate system is clear, and recent anthropogenic emissions of green-
house gases are the highest in history. Recent climate changes have had widespread impacts
on human and natural systems. {1}

SPM 1.1 Observed changes in the climate system

Warming of the climate system is unequivocal, and since the 1950s, many of the observed
changes are unprecedented over decades to millennia. The atmosphere and ocean have
warmed, the amounts of snow and ice have diminished, and sea level has risen. {1.1}



SIXTH ASSESSMENT REPORT

ARG Synthesis Report: Climate Change 2022

ARG Climate Change 2022: Impacts, Adaptation and
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ARG Climate Change 2022: Mitigation of Climate Change
ARG Climate Change 2021: The Physical Science Basis
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Syukuro Klaus Cife]ge]le

Manabe Hasselmann Parisi

KROLEWSKA SZWEDZKA AKADEMIA NAUK

Nagrode przyznano
"za przetomowy wktad w nasze
zrozumienie systemow ztozonych"

Z tego potowe dla Syukuro
Manabe | Klausa Hasselmanna

"za fizyczne modelowanie klimatu
Ziemi, ilosciowe okreslanie
zmiennosci | wiarygodne
przewidywanie globalnego
ocieplenia”

oraz drugg potowe dla Giorgio
Parisiego

"za odkrycie wzajemnego
oddziatywania nieporzadku i
fluktuacji w systemach fizycznych
od skali atomowej do planetarnej”.
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