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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 zbdz, ktore jak argumentowat
powinny byC zwigzane z okresami
suszy.

Stad wywiodt wniosek o wplywie
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,

O a former occasion T 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.tion 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 pozniej 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 wlasnosci izolacyjne,
utrudniajace 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. Zi 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 wiadomo,
ze eksperymentowat z ocieplajagcym 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 mogly wéwczas
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 wrzes$nia
1888) byta amerykanska uczong (specjalizujgca sie w
biologii, zwlaszcza botanice), wynalazczynig i
dziataczkg 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, 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
cylinders with their thermo.meters in the sun to measure temperatl.Jre variance. Affecting the Beat of the Sun's Baps.
once heated and under various states of moisture. She repeated this process with

hydrogen, common air, and CO2, all heated after being exposed to the sun.”
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Spekulacje Fouriera o
izolacyjnych wiasnosciach gazéw
atmosferycznych zostaty
potwierdzone doswiadczalnie
czterdziesci 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.

e -




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 ¥ |
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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 byly utrzymywane rozne ilosci ciepia, nie trzeba zakfadac istotnych
zZmian gestosci powietrza czy gtebokosci atmosfery; niewielkie zmiany w sktadzie powietrza zupetnie do
tego wystarczajg. Takie zmiany mogly powodowac wszystkie zmiany klimatu ktore odkrywajg geolodzy.”



Badania tego, jak na bilans energii planety
wpltywa Stonce, a jak efekt cieplarniany mozna
byto wykonac tylko dzieki dzieki danym
obserwacyjnym o strumieniu energii
doptywajacej od Stonca — tzw. ,statej 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 pochfaniania
atmosfery a tym samym okresSlenie statej
stoneczne,.

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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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 réznych
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
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APRIL 1896,

XXXI1. On the Lufluence of' Carbonie Acid in the Air upon
the Temperature of the Ground. By Prof. Svaste
ARRHENIUS *,

[. Introduction : Observations of Langley on
Atmospherical Absorption.

GREAT deal has been written on the influence of
LA the absorption of the atmosphere upon the elimate.
Tyndail 1 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
attraeted the attention of |t|l_\'.-fl.'i:+t.-, is this: Is the mean
temperature of the ground in any way influenced by the
presence of heat-absorbing gases in the atmosphere? Fourier?
maintained that the atmosphere acts like the glass of u lot-
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
Sciences, 11th December, 1895, Communicated by the Author,

t ¢ Heat a Mode of Motion,” 2nd ed. p. 405 (Load., 1865).

| Mém, de U de. 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, dpril 1896. S



TaBLE VII.— Variation of Temperature

caused by a given Variation of Carbonic Acid.
y -

o Carbonie Acid=067. Carbonic Acid=1"5. Carbonic Acid =2-0. Carbonic Acid =2-5. Carbonic Acid=30.
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ADDENDUM¥,

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 variation in the carbonic acid
of the air will be somewhat different from that ecalculated
above, where it is assumed that the nebulosity is the same
over the whole globe. I have therefore estimated the nebu-
losity at different latitudes with the help of the chart published
by Teisserenc de Bort, and calculated the following table for

.
E 1Nehulosity. |E-éll Reduction factor. i K=067. 1 K=1-5.
3 (a2l 3 Baleel 313 13| 3 |2a] 8
EHR R LR AR RELIR RELIR
|70 | | T
s A 667 7271 0899| 0775| 0'864| —28| —24| 31 | 27
563 | 676 | bHE 0924| 0763 0853| —30| —24| 338 | 27
o 457 | 633|529 1057 | 0813 | 0942 —36| —27| 38 | 29
; 1 | 365 | 626 (420 1177 0939 | 1-041| —30| —31[ 41 33
- | 085 | 472 888 |-..=.us1_ 1009 | 11120 — 41 —32| 45 85
=0 or-Hp | 470 | 242 I.nm-tl 1017 1'087 | —4-1' —32] 43 G4
. l:; 501 | D67 | 233 1-031 ll O-003 -! 0988| —81{ —27| 88 203
. . .
548 | 69T | 242 097 ln-mw. 0892 | —29 _-_r-s‘ 31 | 28
-A_m | 478 | 540 l:.z-.ni 1056 | 0032| 096 | —383| —29| 34 | 30
. 296 | 496 |233| 1-279| 0:979| 0972| —41| —31 | 42 | s2
—T:; | 389 | 510 |125| 11152 | 0958 | 0982 —38 —32| 40 | 34
| = | |

|
1
| |
620 | 611 | 25 O8G | O€37| 0838 —29| —28| 52
=Dl |
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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 gazow cieplarnianych w powietrzt
efekt cieplarniany ulegnie wysyceniu.

Ten poglad szybko zdobyt popularno$é 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
Angstroma stat sie podstawa jednego z powszechnych
“mitow Kklimatycznych”.

Transmisston 1n 10-22 micron band

Juz w 1906 r. niemiecki astrofizyk Karl Schwarzchild
sformutowat réwnanie transferu radiacyjnego, ktére w
zmodyfikowanych wersjach jest do dzi$ w uzyciu.
Angstrom nie uwzglednit emisji promieniowania przez
gaz ani innych mechanizmow transportu energii (np.
konwekcja — patrz rownowaga radiacyjno-
konwekcyjna).
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Thomas C. Chamberlin w serii
publikacji z ostatnich lat XIX wieku
rozpropagowat teorie 1 obliczenia
Arrheniusa wsrod geologow.

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

Byt pierwszym, ktory pokazat ze jedynag
drogg do zrozumienia procesow
klimatycznych jest uwzglednienie wielu
roznych procesow: nie tylko Stonca, tylko
sktadu powietrza, ale roli oceanow,
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 zrodiem 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 wytrwatym propagatorem tezy o
dominujgcym wptywie Stonca na klimat byt Charles Greeley Abbot,
nastepca Langleya w Smithsonian Astrophysical Observatory.

Kontynuowat on jego program pomiaréw 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
wpltywacé 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 wulkanow ktére w odpowiednim
czasie chtodzity planete). Pewny siebie Abbot dowodzit ze poprawa
obserwacji Stonnca poprawi prognozy pogody.

Abbot byt sprawcag 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,
analizujgc zmiany ksztattu orbity |
nachylenia osi Ziemi, zauwazyt ze
zmiennosc w doptywie enerqii
stonecznej spowodowana fluktuacjami
ksztattu orbity | nachylenia osi Ziemi
jest znaczna i to ona mogta
spowodowac przeszte zmiany klimatu.

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

Milutin Milankovi€, cyrylicg: MnunytnH MmunaHkosuh
(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 Union, cournesy
AIP Emilio S=gre Visual Archives

Dwadziescia kilka lat pozniej, w 1931 amerykanski
fizyk E.O. Hulburt wykonat obliczenia podobne to tych jakie
zrobit Arrhenius uzywajac nowszych, znacznie
doktadniejszych 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 przeszita niezauwazona przez badaczy klimatu

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

Carbon Dioxide Heats the Earth

R. E. O. 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,
w which is also found in the breath and

“FLYING TANKS . i . .
SHED WINGS waste products of humans and animals.




Pierwszym, ktory powigzat eksperymentalnie
wzrost koncentracji atmosferycznego CO- ze
wzrostem temperatury byt angielski inzynier ktory
zajmowat sie hobbystycznie meteorologig, 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).

T
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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Abstract

By fuel combustion man has added about 150,000 million tons of carbon dioxide to the air during the past half century. The author
estimates from the best available data that approximately three quarters of this has remained in the atmosphere.

The radiation absorption coefficients of carbon dioxide and water vapour are used to show the effect of carbon dioxide on “sky radiation.”

From this the increase in mean temperature, due to the arificial 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 podkresli¢, ze juz pod koniec pierwszej potowy XX wieku, na dtugo przed ,wybuchem”
zainteresowania globalnym ociepleniem wyniki badan naukowych dowodzity, ze tzw. ,,czutos¢
klimatu” na podwojenie koncentracji CO, w powietrzu to od 2°C wg Callendara do 4°C wg

Hulburta.

Wedtug VI raportu IPCC (2021)
rownowagowa czutosc
Klimatu to
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Pod wptywem prac Callendara zaczeto sie zastanawiac jak szybko klimat moze sie
ocieplic. Podstawowym pytaniem bylto 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
jadrowej. Badania zawartosci statych i promieniotwoérczych 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 pracg, jeszcze niezbyt doktadnie ale jednoznacznie dokumentujaca, ze
obserwowany wzrost zawartosci CO2 w atmosferze i oceanie jest wynikiem emisji paliw
kopalnych, pozwalajgcg 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 jgdrowy Hans Suess, jeden z pionierow
metody datowania radioweglowego. Pochodzi z niej stynna, ale mato w Polsce znana, fraza:

»,Ludzkos¢é prowadzi teraz jedyny w swoim rodzaju eksperyment geofizyczny, ktory
nhie wydarzyt sie nigdy w przesztosci ani nie bedzie mégt by¢ w przysztosci powtérzony.
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/pochtanianie
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 Occanography, University
of California, La Jolla, California

{Manuscripr received September 4, 1956)

Abstract

From a comparison of CM/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 a CO; molecule in the atmosphere 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 sinee 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 to rise expo-
nendally.

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

Hans Eduard Suess (ur. 16 grudnia 1909, zm. 20 wrze$nia, 1_99_3) A_ustrlackl
chemik fizyczny i fizyk jadrowy, jeden z pionieréw 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
sposoOb do antropogenicznego
wzmochienia efektu
cieplarnianego.

scrippsco2.ucsd.edu

Keeling Bullding

€ e
\ Dawad
N g P of Coemtogridr.

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/
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Gilbert Plass prowadzit badania transferu
radiacyjnego finansowane przez Office of Naval
Research.

W latach 1954-55 uzyskat dostep do komputera
rozumiejgc ze moze on bycC 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 o 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.?

{Manuscript received August 9 1955)

Abstract

The most recent calculations of the infra-red flux in the region of the 15 micron CQO; 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 CaCOj 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
iwrhonic arid  difieed thronech 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.




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 rzadowi na swiecie, w ktérym opisano
mozliwe zagrozenia spowodowane wzrostem stezenia CO2 w
atmosferze.

Napisania tej czesci dokumentu podjeli sie uznani naukowcy,
aktywnie uczestniczgcy 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, twoérca
nowoczesne] meteorologii dynamicznej.

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. Gtéwny 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."



Carbon Dioxide and Climate:
A Scientific Assessment

Report of an Ad Hoc Study Group on Carbon Dioxide and Climate
Woods Hole, Massachusetts

July 23-27, 1979

to the

Climate Research Board

Assembly of Mathematical and Physical Sciences

Mational Research Council

Strony tytutowe raportu
Zwanego potem
.Raportem Charneya”

Ad Hoc Study Group on
Carbon Dioxide and Climate

Jule G. Charney, Massachusetts Institute of Technology, Chairman
Akio Arakawa, University of California, Los Angeles

D, James Baker, University of Washington

Bert Bolin, University of Stockholm

Robert E, Dickinson, National Center for Atmospheric Research
Richard M. Goody, Harvard University

Cecil E, Leith, National Center for Atmospheric Research

Henry M. Stommel, Woods Hole Oceanographic Institution

Carl 1. Wunsch, Massachusetts Institute of Technology
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Climate Impact of Increasing
Atmospheric Carbon Dioxide

Scenario
J. Hansen, D. Johnson, A. Lacis, S. Lebedeff 4 1. Fast growth
) 2. Slow growth
P. Lee, D. Rind, G. Russell a. No coal phaseout
b. Coal phaseout beginning 2020
c. Coal phaseout beginning 2000
3. No growth

Fig. 6. Projections 3
of global tempera-
ture. The diffusion
coefficient beneath
the ocean mixed
layer is 1.2 cm?®
sec” !, as required
for best fit of the
model and observa-
tions for the period
1880 to 1978. Esti-
mated global mean 1
warming in earlier

warm periods is in-

dicated on the right.
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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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CLIMATE CHANGE CLIMATE CHARMGE

Working Group | Working Group Il
Scientific Assessment of Impacts Assessment of Climate
Climate Change Change
CLICK HERE CLICK HERE

We are certain of the following:

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.

Working Group ll: First Assessment Report

The IPCC Response Strategies Overview Chapter (PDF)

Also in: Chinese - French -
CLICK HERE Russian - Spanish

Based on current model results, we
predict:

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-industnial). The
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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



SIXTH ASSESSMENT REPORT

ARG Synthesis Report: Climate Change 2022

ARG Climate Change 2022: Impacts, Adaptation and
Vulnerability

ARG Climate Change 2022: Mitigation of Climate Change
ARG Climate Change 2021: The Physical Science Basis

https://www.ipcc.ch/report/ar6/wgl/

IPCC

INTERGOVERNMENTAL PANEL on ClimaTe chanee

Climate Change 2021
The Physical Science Basis

Working Group | contribution to the
Sixth Assessment Report of the
Intergovernmental Panel on Climate Change




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

Z tego potowe dla Syukuro
Manabe | Klausa Hasselmanna
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"za fizyczne modelowanie klimatu
Ziemi, ilosciowe okreslanie
zmiennosci i wiarygodne
przewidywanie globalnego
ocieplenia”

oraz drugg potowe dla Giorgio

Parisiego

Syukuro ETS Giorgio ) . .

M be Hasselmann Parisi za odkrycie wzajemnego -
ana = oddziatywania nieporzadku i

KROLEWSKA SZWEDZKA AKADEMIA NAUK fluktuacyi w systemach flzycznych’
od skali atomowej do planetarnej”.




Syukuro Manabe, urodzony 1931,
doktorat 1959, University of Tokyo

Nagroda Nobla z fizyki 2021

"za fizyczne modelowanie klimatu
Ziemi, ilosciowe okreslanie
zmiennosci | wiarygodne
przewidywanie globalnego
ocieplenia”
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W modelach klimatu wykorzystujemy matematyczne
sformutowania praw fizyki co pozwala w sposob ilosciowy

symulowac¢ oddziatywania miedzy elementami systemu
klimatycznego.

DY
— 4+ fkxV=-—-Vob
Dt /
dP . o
L . » — parametr stabilnosci
3 =i =R T / P (gradient temperatury),
P J — diabatyczne
Jeo ogrzewanie/chtodzenie
VeV — =0

(v 7]

W ten sposob mozemy np. bada¢ odpowiedzi systemu klimatycznego na
wymuszenia czy badac¢ sprzezenia w systemie klimatycznym.
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Thermal Equilibrium of the Atmosphere with a Convective Adjustment

SYUKURO MANABE AND ROBERT F. STRICKLER

General Circulation Research Laboratory, U. S. Weather Bureau, Washington, D. C.
(Manuscript received 19 December 1963, in revised form 13 April 1964)

1) Rachunki rownowagi
radiacyjnej — na dnie i szczycie
atmosfery rownowagi strumieni
krotko- i dlugofalowych.

2) Dotozenie ,convective
adjustment” = transportu ciepta
od powierzchni w procesach

konwekcyjnych.
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F1c. 1. The left and right hand sides of the figure, respectively, show the approach to states of pure radiative and thermal
equilibrium. The solid and dashed lines show the approach from a warm and cold isothermal atmosphere.
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1) Rachunki rownowagi
radiacyjnej — na dnie i szczycie
atmosfery rownowagi strumieni
krotko- i diugofalowych.

2) Dotozenie ,convective
adjustment” = transportu ciepta
od powierzchni w procesach
konwekcyjnych — Sredni
gradient temperatury w
troposferze 6.5K/km.

3) Dotozenie obecnosci chmur
w modelu radiacyjnym.

1o}

(1-c)-f5

Sc-cosf  .O7Sccosy

Sc'-cosl

~ _A N
\ %
/ {(1-C)+(Sc'= Az )cost
)

Coll—{a+R))-(Sc'=0AZ) cos §

Fi1G. 2. Long wave radiation in an atmosphere with clouds.

F16. 3. Vertical distribution of the flux of solar radiation
in an atmosphere with clouds.




1) Rachunki rownowagi
radiacyjnej — na dnie i szczycie
atmosfery rownowagi strumieni
krotko- i diugofalowych.

2) Dotozenie ,convective
adjustment” = transportu ciepta
od powierzchni w procesach
konwekcyjnych — Sredni
gradient temperatury w
troposferze 6.5K/km.

3) Dotozenie obecnosci chmur
w modelu radiacyjnym.

4) Dotozenie rzeczywistych
(obserwacyjnych) profili
najwazniejszych gazow
cieplarnianych.
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F16. 6a. Pure radiative equilibrium for various atmospheric
absorbers. The distribution of gaseous absorbers at 35N in Apri]
are used. Se=2 ly min™, cos{=0.5, r=0.5. No clouds. (L+S)
means that the effects of both long wave radiation and solar

radiation are included.
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F1c. 6¢c. Thermal equilibrium of various atmospheres which
have a critical lapse rate of 6.5 deg km™. Vertical distributions of
gascous absorbers at 35N, April, were used. S.=2 ly min™,

cosf=0.5, 7=0.5, no clouds.
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Thermal Equilibrium of the Atmosphere with a Given Distribution
of Relative Humidity

Syukuro Maxape anp Ricuarp T. WETHERALD

Geophysical Fluid Dynamics Laboratory, ESSA, Washington, D. C.
™ i ived 2 N ber 1966)

ABSTRACT

Radiative convective equilibrium of the atmosphere with a given distribution of relative humidity is
computed as the asymptotic state of an initial value problem.

‘The results show that it takes almost twice as long to reach the state of radiative convective equilibrinm
for the atmosphere with a given distribution of relative humidity than for the atmosphere with a given
distribution of absolute humidity.

Also, the surface equilibrium temperature of the former is almost twice as sensitive to change of various
factors such as solar constant, CO. content, Os content, and cloudiness, than that of the latter, due to the
adjustment of water vapor content to the temperature variation of the atmosphere.

According to our estimate, a doubling of the CO; content in the atmosphere has the effect of raising the
temg of the at here (whose relative humidity is fixed) by about 2C. Our model does not have the
extreme sensitivity of pheric I ure to changes of CO; content which was adduced by Maller.

TasLE 4. Equilibrium temperature of the earth’s surface
(°K) and the CO; content of the atmosphere.

Average cloudiness Clear
COs Fixed Fixed Fixed Fixed
content absolute  relative absolute  relative
(ppm) humidity humidity humidity humidity
150 289.80 286.11 208.75 304.40
300 291.05 288.39 300.05 307.20
600 202.38 200.75 301.41 31012
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F1G. 2. Flow chart for the numerical time integration.
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Dwutlenek wegla
ogrzewa atmosfere

Podwyzszona koncentracja
CO, prowadzi do wzrostu

temperatury w dolnych warstwach

atmosfery oraz do ochtodzenia
gornej atmosfery.

Manabe potwierdzit, ze zmiany
temperatury sg zwigzane

ze wzrostem koncentracji CO,;
gdyby przyczyng byt wzrost
aktywnosci stonecznej,

nagrzewataby sie cata atmosfera.
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Tasie 4. Equilibrium temperature of the earth's surface

(°K) and the CO; content of the atmosphere.
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Cloud Feedback Processes in a General Circulation Model

R. T. WETHERALD AND S. MANABE

Geophysical Fluid Dynamics Laboratory/NOAA, Princeton University, Princeton, New Jersey
(Manuscript received 6 April 1987, in final form 30 November 1987)

ABSTRACT

The influence of the cloud feedback process upon the sensitivity of climate is investigated by comparing the
behavior of two versions of a climate model with predicted and prescribed cloud cover. The model used for
this study is a general circulation model of the atmosphere coupled with a mixed layer model of the oceans.
The sensitivity of each version of the model is inferred from the equilibrium response of the model to a doubling
of the atmospheric concentration of carbon dioxide.

It is found that the cloud feedback process in the present model enhances the sensitivity of the model climate.
In response [0 e Increase of almospAeric caroon dioXide, CIOUAINESS INCredses around (e ropopause and Is
reduced in the upper troposphere, thereby raising the height of the cloud layer in the upper troposphere. This
rise of the high cloud layer implies a reduction of the temperature of the cloud top and, accordingly, of the
upward terrestrial radiation from the top of the model atmosphere. Thus, the heat loss from the atmosphere-
earth system of the model is reduced. As the high cloud layer rises, the vertical distribution of cloudiness changes,
thereby affecting the absorption of solar radiation by the model atmosphere. At most latitudes the effect of
reduced cloud amount in the upper troposphere overshadows that of increased cloudiness around the tropopause,
thereby lowering the global mean planetary albedo and enhancing the CO, induced warming,.

On the other hand, the increase of low cloudiness in high latitudes raises the planetary albedo and thus
decreases the CO, induced warming of climate. However, the contribution of this negative feedback process is
much smaller than the effect of the positive feedback process involving the change of high cloud.

The model used here does not take into consideration the possible change in the optical properties of clouds
due to the change of their liquid water content. In view of the extreme idealization in the formulation of the
cloud feedback process in the model, this study should be regarded as a study of the mechanisms involved in
this process rather than the quantitative assessment of its influence on the sensitivity of climate.
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Manabe’s climate model
Sensitivity of a Global Climate Model to an Increase of 4
CO. Conventration in the At heis ’ Syukuro Manabe was the first researcher to
2 ,' explore the interaction between radiation

SYUKURO MANABE AND RONALD J. STOUFFER ’ balance and the vertical transport of air
Geophysical Fluid Dynamics Laboratory/NOAA, Princeton University, Princeton, New Jersey 03540 N masses due to convection, also taking account

This study iavesigaies the response of & globel mode o the cimate o the quadrapling of the CO, ’ of the heat contributed by the water cycle.

‘The model consists of (1) a general circulation model of the atmo-
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1 ground is partially absorbed in the through convection. It also carries water
SALT EQUATION THERMODYNAMIC EQUATION OF atmosphere, warming the air and vapour, which is a powerful greenhouse
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) .
where the atmosphere is colder, cloud
OCEAN drops form, releasing the latent heat
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Interaction of a Cumulus Cloud Ensemble with the
Large-Scale Environment, Part I

AKIO ARAKAWA AND WAVYNE HowArD SCHUBERT!

Dept. of Meteorology, University of California, Los Angeles 90024
{Manuscript received 10 August 1973, in revised form 7 November 1973)

ABSTRACT

A theory of the interaction of a cumulus cloud ensemble with the large-scale environment is developed.
In this theory, the large-scale environment is divided into the subcloud mixed layer and the region above.
The time changes of the environment are governed by the heat and moisture budget equations for the sub-
cloud mixed layer and for the region above, and by a prognostic equation for the depth of the mixed layer.
In the environment above the mixed layer, the cumulus convection affects the temperature and moisture
fields through cumulus-induced subsidence and detrainment of saturated air containing liquid water which
evaporates in the environment, In the subcloud mixed layer, the cumulus convection does not act directly
on the temperature and moisture fields, but it affects the depth of the mixed layer through cumulus-induced
subsidence. Under these conditions, the problem of parameterization of cumulus convection reduces to the
determination of the vertical distributions of the total vertical mass flux hy the ensemble, the total detrain-
ment of mass from the ensemble, and the thermodynamical properties of the detraining air.

The cumulus ensemble is spectrally divided into sub-ensembles according to the fractional entrainment
rate, given by the ratio of the entrainment per unit height to the vertical mass flux in the cloud. For these
sub-ensembles, the budget equations for mass, moist static energy, and total water content are obtained.
The solutions of these equations give the temperature excess, the water vapor excess, and the liquid water
content of each sub-ensemble, and further reduce the problem of parameterization to the determination of
the mass flux distribution function, which is the sub-ensemble vertical mass flux al the top of the mixed layer.

The cloud work function, which is an integral measure of the buoyancy force in the clouds, is defined for
each sub-ensemble; and, under the assumption that it is in quasi-equilibrium, an integral equation for the
mass flux distribution function is derived. This equation describes how a cumulus ensemble is forced by
large-scale advection, radiation, and surface turbulent fluxes, and it provides a closed parameterization of
cumulus convection for use in prognostic models of large-scale atmospheric motion.
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FIG. 6. One of the three cloud types considered in Arakawa’s (1969)
parameterization for a three-level model. Solid and open arrows show
large-scale and superposed cumulus-induced mass fluxes, respec-
tively.

Fic. 1, A unit horizontal area at some level between cloud base and the highest
cloud top. The taller clouds are shown penetrating this level and entraining environ-

mental air. A cloud which has lost buoyancy is shown detraining cloud air into the
environment.
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ABSTRACT

A review of the cumulus parameterization problem is presented with an emphasis on its conceptual aspects
covering the history of the underlying ideas, major problems existing at present, and possible directions and
approaches for future climate models. Since its introduction in the early 1960s, there have been decades of
controversies in posing the cumulus parameterization problem. In this paper, it is suggested that confusion
between budget and advection considerations is primarily responsible for the controversies. It is also pointed
out that the performance of parameterization schemes can be better understood if one is not bound by their
authors’ justifications. The current trend in posing cumulus parameterization is away from deterministic diagnostic
closures, including instantaneous adjustments, toward prognostic or nondeterministic closures, including relaxed
and/or triggered adjustments. A number of questions need to be answered, however, for the merit of this trend
alals -

Major practical and conceptual problems in the conventional approach of cumulus parameterization, which
include artificial separations of processes and scales, are then discussed. It is rather obvious that for future
climate models the scope of the problem must be drastically expanded from “‘cumulus parameterization™ to
“unified cloud parameterization,” or even to “‘unified model physics.” This is an extremely challenging task,
both intellectually and computationally, and the use of multiple approaches is crucial even for a moderate

success. “‘Cloud-resolving convective parameterization’ or ‘‘superparameterization’ is a promising new ap-
proach that can develop into a multiscale modeling framework (MMF). It is emphasized that the use of such a
framework can unify our currently diversified modeling efforts and make verification of climate models against
observations much more constructive than it is now.
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FIG. 3. (a) A schematic diagram showing interactions between resolved processes in a model
and (the unresolved component of) moist convection. The formulation of the right half of the
loop represents the cumulus parameterization problem. (b) A schematic diagram showing the
logical structure of diagnostic studies of cumulus activity based on observed large-scale budgets.
(c) Same as in (b) except for studies using SCMs or CSRMs.
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Structure of the mass-flux convection parameterization formula-
tion is re-examined. Many of the equations associated with this
formulation are derived in systematic manner with various inter-
mediate steps explicitly presented. The nonhydrostatic anelastic
model (NAM) is taken as a starting point of all the derivations.

Segmentally constant approximation (SCA) is a basic geometri-
cal constraint imposed on a full system (e.g., NAM) as a first step
for deriving the mass-flux formulation. The standard mass-flux
convection parameterization, as originally formulated by Ooyama,
Fraedrich, Arakawa and Schubert, is re-derived under the two
additional hypotheses concerning entrainment-detrainment and
environment, and an asymptotic limit of vanishing areas occupied
by convection.

A model derived at each step of the deduction constitutes a
stand-alone subgrid-scale representation by itself, leading to a
hierarchy of subgrid-scale schemes. A backward tracing of this
deduction process provides paths for generalizing mass-flux con-
vection parameterization. Issues of the high-resolution limit for
parameterization are also understood as those of relaxing vari-
ous traditional constraints. The generalization presented herein can
include various other subgrid-scale processes under a mass-flux
framework.

© 2014 The Authors. Published by Elsevier B.V. This is an open
access article under the CC BY-NC-ND license
(http://creativecommons.orgflicenses/by-nc-nd/3.0/).
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Clouds and Convective Self-Aggregation in a Multimodel
Ensemble of Radiative-Convective Equilibrium Simulations.

Hourly averaged outgoing longwave radiation (W m~2) at Day
80 of the RCE_large300 simulation for all cloud-resolving
models. Each panel displays a different model and the size
of each panel represents the domain size, which varies
slightly across models.

J Adv Model Earth Syst, Volume: 12, Issue: 9, First
published: 20 July 2020, DOI: (10.1029/2020MS002138)
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Clouds and Convective Self-Aggregation in a 3 5 ’ % 7
Multimodel Ensemble of Radiative- a_) AMS ‘_ (b () _f 1 (d) ECHAM6-GCM

Convective Equilibrium Simulations

—_

Hourly averaged outgoing longwave radiation
(W m™2) at Day 80 of the RCE_large300
simulation for all global models (except for
IPSL-CM6, which reported daily averaged
output). All models shown are GCMs with
parameterized convection (panels a—k)
except MPAS, NICAM, and SAM (panels |-
n), which are global cloud-resolving models
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.

(h) SAMO-UNICON

S T

(I) MPAS

that employ reduced Earth radius of RE/8,
RE/4, and RE/4, respectively, and are shown @
to scale and, in the box, zoomed in. (m) NICAM

«®«
(n) SAM-GCRM

(m) NICAM (n) SAM-GCRM
P _ -

*




In summary, despite some robust behaviors, there is substantial disagreement across the
RCEMIP ensemble in representations of cloudiness, self-aggregation, and climate
sensitivity. Some readers may find this discouraging or surprising (perhaps hoping that
models with explicit convection might have agreed better), while some readers may have
anticipated that the many degrees of freedom in how models may achieve RCE would
result in divergent behavior.

Indeed, because RCE is relatively unconstrained, with convection left free to evolve as
long as energy balance is still met, it is a tough test for models. We argue that this is a
benefit of RCE, rather than a weakness. The divergent behavior in RCEMIP reveals the
true sensitivities to representations of convection, microphysics, turbulence, and dynamical
cores, sensitivities that might be masked in other comparisons by constraints imposed by
large-scale circulations. Furthermore, the RCEMIP results show that the wide range of
equilibrated states is not due to differences in the basic configuration such as SST,
CRM grid spacing, insolation, or initialization, as there is a large spread despite
constraining these factors to be the same. Instead, the different responses must be due
to differences in model physics and/or numerics.



Ale... Moze stan stacjonarny nie istnieje?

Mamy wymuszanie w cyklu dobowym i rocznym, zmienne cyrkulacje atmosferyczne
transportujgce masy powietrza o roznej stabilnosci...
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