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M% TV Aebveg ouvedplo: Mepa ano t Zuvaiveon yia tnv KApatikn AAAayn
CECISNEE 8 AekepBplou 2025

H,0, CO,, KAipatikn AAAayn

OALOTIKN) AVOOKEUN TNG « KALLOTIKAG EMLOTANGY

AnpRtpn¢ Koutooywavvng
Topéag Yéatikwyv Mopwv kat MNeptBailAovtog
TxoAn MoAwtikwv Mnyxavikwy, EBvikdo MetooBlo MoAuteyveio

(dk@ntua.gr, http://itia.ntua.gr/dk/)

AwaO<oipo oto dwadiktvo:http://www.itia.ntua.gr/2573/
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loxup€C eVOELEELC OTL N KKALLATIKN EMLOTAKUN» S€EV ElvOl EMOTAMN

AvVAuLEN ETTLOTNUOVLKAG YVWONG UE TIOALTIKA.

Ex0potnta mpoc¢ Tov EMLOTNHOVIKO StdAoyo.

Atéppoveg poBAEYPELC yia KaTtaoTpodEG Tou oxedov mavta anodelkvuovtal AavOaopEVeG.
MpowBnon tng BEag TnG cwtnpiog Tov MAAVATN.

MpowBnon acddelag kat avakpipeLag.

EnikAnon opodwviag.

Noyokpioia kat ¢pipwon Twv dwvwv 1ou Stadwvouv.

X0opaKTNPLOWOG KABE aImOKAIVOUGAC EMLOTNHOVLIKNG YVWHUNG WG «OAPVNTIOHOU» KOlL EKEVWV TIOU TNV
ekdpalouv we «apvntwv'".

Avtiotpodn attiog Kot anoteAéopato .

Mpotiunon ota anoteAéopata HOVIEAWV EvavTl Twv SeSopévwy tapatnpnong.

AloKpLOELG OTN XPNHATOSATNON TNG EPEVVACG LE ATIOKAELOUO TWV KN CUUUOPDOUUEVWY LOEWV.

ACTELEC KETILOTNUOVLIKEG» UEAETEG UE OTOXO va eVOTaAAouv ¢pOPo yia amioTEUTEG KALLOTLIKEG ETULITTWOELG
(T.x. m€Tpeg ota vedpad).

«H amadtn pe tnv KApatikn oAlayn givat tooo nAiBla, okAnpn kot mpodavng mou omolog Tnv npowbOel Bswpeital anod
TouG AoyLkoUu¢ eite dtepBapuévoc eite NALBLOC, kot mBavwg Kat Ta SUo».

Elizabeth Nickson,https://elizabethnickson.substack.com/p/our-revulsion-has-created-a-new-populist
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MEPLKA EVTUNTWOLAKA Ttapadeiypata mapanAavnong

AlwbopoUpevn YAwooa Kol OVILKOTAOTOON TNE ETLOTNHOVLKAC opoAoyiag Ue MOALTIKA cuvORuata.

a0 NephapPavovtol OspeAlwdelg E€vvoleg, OMwWE « KALHATIKN aAAayn» (oav va pnv aAlale mavta
TO KAlpa) Kal «povopevo Beppoknmiov» (cav va polalel pe BeppokAmio N atuoodalpa).

YrioBaBuion tng onpaciog tov H,0 kot Twv vedwv oto KALHa.

Avafabpuion SEUTEPEVOVTIWV TAPOYOVTWYV TWV KALUATIKWY Sdlepyaotwv —Kupiwg tou CO, wg
puBuLloti Tou KAlpartoc.’

Artoduyn avaypadnc Twv TIHWV TNG XPOVIKAG VOTEPNONG yla To atpuoodalpkd CO,.
Ermivonon mapanmAovnTikwy W8ewv, Onwc:

0 TNG e€aptnong tng oupmepldopag tou CO, amod tnv mpogAeuon Tou, Ue To avBpwroyeveg CO,
va PEPETAL VA TIAPAUEVEL YLOL LEYAAUTEPO XPOVLKO Slaotnua otnv atpoodolpa,

0 To «daLVOUEVOU Suessy.
Xpnon pag anpokaAumnta ecPpaAprévnG ouvapTRonG anokpLong tou atpoodatpikol CO,.
NapaBAePn tng Ppuoikig Suvapkng tov CO,.
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Revisiting the global hydrolagical eycle: is it intensifying?
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emetris iannis
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View Profile
Abstract. As a resutt of technological advances in monitoring atmosphere, hydrosphere, cryosphere and biospher

as wellas in data

T ToooE management and processing, several databases have become freely avai... more
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T Rethinking Climate, Climate Change, and Their Relationship with Water
c
14149 Demetris Koutsoyiannis

! L 2 2021, Water - Anticle
- ses E Lval 6 n uoolsu usvn 08 14 apepa e revisit the notion of climate, along with its historical evolution, rracing the origin of the modern concerns about climate. The notion (and
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Demetris Koutsoyiannis 2022, Proceedings of the Royal Society A - Article
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Ka la atosot o aMa 2024, Sci - Article: Causality is a central concept in science, in philosophy and in life. However, reviewing various approaches 1o it over the entire knowledge ti
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Recent studies have provided evidence, based on analyses of instrumental measurements of the last seven decades, for a ur

potentially causal link between temperature as the cause and ca
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Unsettling the settled: simple musings on the complex climatic system
Demetris Koutsoyiannis, George Tsakalias
2025, Frontiers in Complex Systems - Article:

)]
T[S p LE pvs l.a. Stochastic assessment of temperature-C02 causal relationship in climate from the Phanerozoic through mode:

times

Demetris Koutsoyiannis Our revisit of fundamental issues of climate challenges the notion and term of the “greenhouse effect”, and attempts a scientific reevaluation
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As a result of recent research, a new stochastic methodology of assessing causality was developed. Its application 10 instrumental
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Demetris Koutsoyiannis, Christos Vournas
2023, Hydrological Sciences Journal - Article
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2023, Water - Articie 2022, Hydrology - Article
Hurst's seminal charactensation of long-term persistence (LTP) In geophysical recoras more tan Seven decades ago continues 10 Inspire
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It is common kr g that Increasing CO2 concentration plays a major role in enhancement of the greenhouse effect
global warming. The purpose of this study is to complement the co... mere
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O kAlpatikog dskaloyog: KUpla anoteAéopata tThG EPEVVAC OV

1. H kAypatiki aAAayn eivat mpoypatikl—Kot N KALLOTIKN Kpion emiong (aAAd povo otnv oALTLKN).
0 H kAlpatikn aAdayn elval mpaypatiky o€ OAn tnv wotopia tng g, dStapkelag 4.5 dloek. eTwv.
0 H kAlpatikn kplon eivat kaBapd TOALTLKO (TN, XWPELC Kaplo oXEon HE TNV TPOYUOTIKOTNTA.
2. 2TNV atpoodatpa Sev umtapyel potvopevo Beppoknmiov, oUTe agpLa BeppoknTlou.

0 Autol elvat mapamAavnTikoil 0potL, TwV OTMoLWV OL TIPAYUATLKEG EVVOLEG £lval «eMibpaon
atpuoodalptkng aktvoBoAiac» (EAA) kol «aéplo evepyo otnv aktivoPfolia» (AEA), avtiotouya.

3. HEAA e€aptdatal kupilwg amno tn Oeppofabuida otnv atpuoodalpa.
0 2Ttnv Loopportia (LooBspun atpuoodatpa) n EAA sival pndevikn.
0 Xe mepinmtwon Beppokpactlakng avaotpodng, N EAA €xeL amotédeopa tnv PuEn Kot OxL TN
B<puavon tng ng.
4. XtnVv mpotunn atpocdatpa (pe Oeppofabuida 6.5 K/km) n EAA kuprapyxeital an’ to H,0
(vbpatuouc kat cuvveda).
0 To CO, mailel TOAU pkpO pOAO (TTOCOTIKOTIOLNUEVO OE 4-5%).

5. OLpeTpnoelg aktvoPoAiag pakpwy kupdtwyv (MK) emti évav alwva dev deixvouv kapio aAlayn
otnv EAA.

0 Honuavtiki avénon tou atpoodatpikov [CO,] Sev €dwoe kamolo SLakpLtd onua.

A. Koutooyiavvng, H,O, CO,, KAwuatikn AAAayn 5



O kApatikog dskaloyoc: KUpla anoteAéopata tnG EPEVVAC Hov (2) ‘

6. AeV UTLAPYXEL KOLA artodeLEN OtL N avénon tn¢ [CO,] mpokaAel O€ppavon otnv atpuoodatpa.

0 AvTBETWG, Ta MAAALOKALULOTIKA Kal Ta cuyxpova dedopéva untootnpilouv TNV avtiotpodn
attotnTa, Kabwge n avénon tng Bepuokpaciag cupPBaivel mpLv anod auvtrv tou [CO,].

0 To KALUATLKA LOVTEAQ EVOWHATWVOUV HLOL KATELBUVON aLTLOTNTAC AVTIOETN art’ auThHV TTou
Stamiotwvetal amn’ ta dedopéva.

7. To woolUylo avBpaka otnv atpoodalpa Kuplapxeitol and GuoLKEG SLEPYAOLEC.
0 OLavBpwriveg ekmouneg CO, (amd opuktd KavoLpa KTA.) amoteAouv povo to 4% Tou cuvoAou.
0 Havénon tng Beppokpaociag odiynoe oe onpavtikn avénon Twv ¢uotkwy ekmopnwy CO,.

8. Ta tootomik@ dedopéva avOpaka (63C, A'*C) Seixvouv aAlayEC otnv Lootorik ouvBeon Tou
atpnoodatpikot CO,, aAAG Kavéva onpadt avlpwrnivng eMPPOnG.

0 AvtiBeta, deiyvouv OtL oL aAlayEC mou mapatnpouvtal odpeilovtal o PuoLkEC Slepyaoieg.
9. H Suvapikn tou atpoodatpikov CO, pmopel va avaktnBel amo PpuoLkeg Slepyaoieg povo.

0 MoMAarmAd otolxeia emiBeBalwvouy Tov XpOvo Topapovig Tou atpuoodatpikov CO, ota 4
XPOVLA, TIAPA TLG EKTLUNOELG TNG «KALUOTIKAG EMLOTAKUNG» TIOU GTAVOUV O€ XIALASEC XpovLa.
10. H avénon tng Beppokpaciag tov 21° awwva eival cuppati pe aAlayEg otnv nAtakn (BpoxEwv
Kupatwv—BK) aktivoBoAia rnou amoppodatal anod tn n.
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Metprioelg pe opyava emiBeBotwvouv OTL N KALLOTIKA aAAayn elvol TpoyLOTLki

To ypadnua Seiyvel To peyaAutepo o€ SLApKeLa cUVOAO HeETPoEwWV oth ', autod tou NelAopéTpou

Roda (otdBun vepou tou Neilou).

Minimum water depth (m)

7
Etola eAaylotn otaBun vepou tou motapoU Neidou (849 Tipég)
6
5
4 ] l il
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- v SR AT |
| [ 4
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) s (Climatic {30-year average)
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Aebopéva amd Koutsoyiannis (2013), Stabgoiua oto https://www.itia.ntua.gr/1351/; ypddnuoa amod Koutsoyiannis
and lliopoulou (2024). dwrtoypadieg anod Koutsoyiannis (2024g), euyevikr mpoodopd tou Nikou Mapdon.
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#1B H KAlpotikn) Kpion givol mpaypatikl — aAAQ LOVO OTNV TTOALTIKN

m  AUTOC O LOXUPLOHOC artoSELKVUETAL TL.Y.
amno:
o anodaon tou Evpwmnaikol
KowoBouAiou (Nogu. 2019)°

0 Onuloupyia Yrioupyeiou KALpaTikig
Kpiong otnv EAAaSa (Zem. 2021)
0 avakoivwon tou OHE (Amp. 2022).
m Qoto00, otn AUON 1 TIOALTLK EXEL XAOEL
NV enadn HE TNV MPAYHATIKOTNTA.
m 2tn $uon (oTov MPAYHATIKO KOOO), dev
UTTAPXEL KALLOTIKN Kplon.
m Epwtnon: Mowa ival n peyaAltepn
amelAn yLo tov avbpwro;
0 M puoikn KALLOTLIKA Kplon;
0 'H uATWG JLa TTOALTIKA « KALULOTIKN

News

European Parllament

The European Parliament declares
climate emergency

+ Commission must ensure all proposals are aligned with 1.5 *C target

+ EU should cut emissions by 55% by 2030 to become climate neutral by 2050

+ Calls to reduce globai emissions from shipping and aviation i
lis 10 1 g ions from shipping and aviat g, \?\J} Unlted
" x@@ Nations

Meetings Coverage

PRESS RELEASE
SECRETARY-GENERAL » STATEMENTS AND MESSAGES

SGISM/21228

4 APRIL 2022
Secretary-General Warns of Climate
Emergency, Calling Intergovernmental
Panel's Report ‘a File of Shame’, While

EU should commit to net-zero greenhouse gas emissions by 2050 at the UN sayirlg Leaders lAre Lying,' Fue"ing Kplcr] ));

Conference, says Parliament. Flames

https://wwwheuroparLeuropa,eu/news/ https://civilprotection.gov.gr/klimatiki-krisi Aeite ‘c_n[onq:

en/press-room/20191121IPR67110/ https://press.un.org/en/2022/sgsm21228.doc.htm https://climath.substack.com/p/introducing-climath
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#2 Ztnv atpocdaipa dSev uTtAPXEL PALVOUEVO
Jepuoknmiov, oUTE aépla FepuoKkntiov

m  H Asewtoupyia tng atpoocdaipag Sev €XeL Kapia opotdtTnTa LE 60
oupPaivouv og Eva BeppokATLO.

= Hxprjon tou mapamAavntikol 0pou «BEPLOKNTILO» ATTO T TEAN TNG
Sdekaetiag Tou 1970, og ouvduaouo pe to CO; Kal TG avOpwITLVEC
EKTIOUTIEC TOU OTNV aToodalpa, EXEL UTIOKLVNOEL amd MOALTIKA
oupdEpovra.

= AUTO MPOKUTTEL ATO LOXUPLOUOUC OTL Ol AVOPWTILVEG EKTIOUTTEC
TIPOKOAOUV KATOOTPODLKECG EMUMTWOELG OTO KALUQ, TNV OLKOVOULa
Kot KaBe mrtuxn T {wNnG. Nemttopépeteg: Koutsoyiannis and Tsakalias (2025). , ;adyaveq omv cu(twoﬁohta MK’

the loss of temperature of the ground by radiation is very Quroyeadia: hitps//fer-plast com/en/oroduc/

packing/heat-shrinking-equipment/shrink-
Sln"l]]. m compal 1801’1 to the ]O‘:S bV COI]VBCthﬂ lIl Obher W'Ol'db materials/dpe-polythene-heatshrink-film-detail
that we gmn very little from the circumstance that the T ———————

radiation is trapped. Wood (1909) | https://history.aip.org/climate/ simple.htm

glass but did not speak of a greenhouse. The key publication explaining that greenhouses are
kept warm less by the radiation properties of glass than because the heated air cannot rise and
blow away see Wood (1909); for the science, see also Lee (1973); Lee (1974). Probably the
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NEoL OpoL yLOL OLVTLKOTAOTOOT TIOLPOATIAQVNTIKWV: ENTiOpAON ATUOCPALPLKAC
aktivoBoAiac (EAA) ko a€plo evepyo otnv aktivoBolia (AEA)

Original Research

:" frontiers | Frontiers in Complex Systems 12 August 2025
10.3389/fcpxs. 20251617092

m Hnpoodatn epyacia twv Koutsoyiannis and
Tsakalias (2025) nmpoonaBnoe va Sleukplvioet
Stadopa {ntrpata mou oxetilovtal Pe T dUOLKNA
g atuéo'd)alpaq’ ou ungpl}\auBavouévnq ™Nne Y Unsettling the settled: simple

OLKO('COO\)\I’])\(’)THT(XC épwv (')r[wq «d)OLLVC’)uEVO oven acetss gz:;r;?s on the complex climatic

Beppoknmiou» N «boVOUEVO KOUBEPTAGY. e o ey s o

Stavros Alexandris,
Agricultural University of Athens, Greece

. E(-Val. aAr’]esLa érl ooveETa uépla un :’;EI;:::HPGOEY:;.RESEBKP\EL Moorea, French ?:gi‘l Universy o
OUMTTUKVOU LEVWVY aEPiwV (CO,, CHa4, Os) givat B
gvepyad otnv aktivoBoAia (MZ AEA), TapOAO TTOU TAL . wxese “oeenhouse el and anempis . scintic eevsaton uang minkel

23 July 2025 assumptions, such as Newton's laws, maximum entropy and gas
12 August 2025

no adBova otnv atpoodatpa dratoptka popa (N iy,  sploces (s She ‘e g wih ety i
r] p p 2[ gas” (RAG) and "greenhouse effect” with “atmospheric radiative effect” (ARE).

Koutsoyiannis D and Tsakalias G (2025) While ARE ists i L pls ts” aty h Earth it i . ily dri b

Unsettling the settled: simple musings on the e exists in several planets atmospheres, on tarth it 1s primarily ariven by

O 2)’ E i,val, 5 Lad) avr,] otn V a Kt LVO B O)\i_a M K . complex climatic systern water vapor and clouds, with CO; playing a minor role (especially anthropogenic

Front. Complex Syst. 3:1617092 CO; which represents 4% of total emissions). Equilibrium thermodynamics, via

Demetris Koutsoyiannis* and George Tsakalias

ental Engineering. School of Civil Engineering, National

doi: 10.3389/fcpxs.2025.1617092 S o ; .
entropy maximization or molecular collision simulation, leads to an isothermal

’ ’ 1
m To oupmnukvoUpuevo H,0 (udpatpot) eivat to mio & s oot Tt s 2UTOSPNETe  a00ut 250 K fne average femperaure of the roposphere and
en-sccess a s stratosphere) irrespective of RAG presence or not. It is the troposphere’s 6.5 K/km
’
onuavtiko AEA.

temperature gradient (lapse rate), partly shaped by moist adiabatic processes, that
drives the atmosphere away from this equilibrium and warms the surface to about
288 K on average, with ARE (mainly water vapor and clouds) contributing to the

other forums is permitted, provided the original
authoris) and the copyright ownerls) are
credited and that the original publication in this warming, but only when this gradient exists. The temperature gradient varies

| A Uté 6 sv Kae Lotd -[r] V atué od) a l,p a e 8 p uo K r’] T[ l,o' journal is cited, in accordance with EC“DP:“ spatially and temporally and, since 1950, has weakened in the tropics and grown

academic practice. No use, distribution ) o .
reproduction is permitted which does not in the polar areas, resulting in a decrease of the surface equator-to-pole gradient,

aM’ OOTE ET[[IpéT[EL tr]v T[apauéAn on Tn q EAA. comply with these terms. as expected in global warming conditions.

climate, climatic system, atmosphere, thermodynamics, greenhouse
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#3 H EAA e€aptatol Kupiwg amno tn
OepuofBabuida otnv atpoodatpa

Itnv apxn tng emoxng tTwv dopudopwyv, €xouv die€axBel
HETPNOELG art’ To Staotnua tnG e€epxOuevng aktivoBoAiag
MK (Hanel and Conrath, 1970).

MNpoodata, ot van Wijngaarden kot Happer (2025),
ETOVEEETOOOV QUTEC TILG LETPNOELG.

Qotooo, eAdxlotn N kaBoAou tpocoxn €xeL 600el oTo yeyovog OTL oL ———

METPNOELG AMOKAAUTITOUV TN ONpacia tTnG Katakopudng
Oeppokpaoctakig kAiong (BeppoBaduidag) otnv EAA.

JUYKEKPLUEVA, OTNV AVTOPKTLKN, OTtou n atpoodalpikni avaoctpodn m—-Ts

givar ouxvi, n EAA evioxvet tnv aktivoBoldia MK mov pelyel and tnv e .~ P
€6adog. Autd odnyet og PuEN—oxL Béppavon. Miny: Z | Z e
Ot Harde and Schnell (2025) kat Schnell and Harde (2025) mapgxouv Sehnl L M
TLELPOLLLOLTLKAL oToLXEla TToV amodelkvUouv otL n EAA pnopei va Yuget — o e ol @

O

avti va Ogppavel Tnv atpoodalpa.

Onwc nponyoupevol epeuvnteC (Schmithiisen et al., 2015; Sejas et al.,,  memesatay | o 25
2018), xpnolpomnoinoav tov 0po «PaALVOUEVO apvNTLKOU Bepoknmiou», =« g  ommomca

0 omoio¢ anoteAel 0§UUWpPO.

e) Antarctica Model
o0 T T T T

—Model
- = = B(190K)

Mnyn: Mépog tou Zx. 9 and van
Wijngaarden and Happer (2025).

Intensity 7(0) (i.u.)

“ 1 | e AR & 2 = - .
400 600 $00 1000 1200 1400 1600

Frequency v (cm™)

RTl

Thick styrofoam
insulation

Thermostatically
controlled water o () =@ T1 L
TH=51°C

TC T vp

controlled water

PC

Fig. 1: Schematic experimental setup.
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|009£p|J.lKr] atpoodatpa Evavit Oeppofaduidac

Ytn Ogppoduvapkn toopporia, n atpdodatpa Oa Rrav Looepun. Autod anodeixtnke ar’ Toug
Koutsoyiannis and Tsakalias (2025) tdéco U peylotonoinon evipormniog 600 Kal LE TPocopoilwan.

Ye 1000epun atpuoopalpa, N EAA Sev petaBarAetl tn Bepuokpacia tng emipavelag: avto anodeixtnke

Xpnotlpomnolwvtac to Aoylopkd RRTM (rapid radiative transfer model; Mlawer et al., 1997).
m Q¢ ek ToUTOU, N altia tng avénong tng Bepuokpaaciog Tng Mg mavw amo tnv «evepyo Bepuokpaacio»

Twv 255 K dev eival n EAA.

m Hatpoodalpa dev ival 1o6Bepun
(6ev Bploketal oe Llooppomia) Adyw

HLaG oELpAg aAAaywv (m.X. nUEpA
Ko voxTa).

m  OLmapatnpnoelg deixvouv pa
BeppoPfabuidba I’ := —dT /dz =
6.5 K/km («81eBvi¢ mpotunn
atpoocdhapay).

m  Aedopévng tng Baduidag, to H,0,

300

290

280

270

260

250

Surface temperature (K)

240

Ta ouvveda, kat ta M2 AEA (Kupiwg g,

10 CO;) cupBariouv otnv avénon
¢ Beppokpaociag tng emtpavelag.

S: Standard temperature gradient (I' = 6.5 K/km)
e |: |S0thermal atmosphere (= 0)

S3
S2

SO
S1

S4

PeaAloTikn

S5

S6

S7

No WV
No clouds

No atmosphere No RAG
No clouds

NoNCRAG NoNCRAG With RAG
No clouds With clouds Noclouds Withclouds With clouds

Mnyn: Koutsoyiannis and Tsakalias (2025). RAG—>AEA, NC > Mz, WV - ubpatpoi, clouds - clvveda.

With RAG With RAG, 2xNC
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MNpooOetec napatnpnosLc: otav n EAA PoxeL tnv emidpaveia tne e

m  To MOPaKATW YPAPNHUO KATAOKEUAOTNKE KAl TIAAL LE EVAAAAKTIKA Tpefipata Tou RRTM (evog poviélou
TIOU QTEXEL TTOAU aTto TNV TEAELOTNTA), AAAQ Xpnolpomnowwvtag endavelakn avoaklaotikotnta (albedo)
0.15 (évavtt 0.30 otnv kopudn TnG atpoodalpac) kot pe avénpevn vepokaiuvpn (70%), €toL wote va
ETILTUYXAVETAL pLa peaAloTikn (288 K) Beppokpaocia emidpavelac.

m  EKTOC amod tnv 1060epun atpoodatpa Kat tTnv npotunn Bepuofabuida, = 6.5 K/km, e¢etdotnke eniong
HLoL eETIITAEOV e Beppokpaaotakn avaotpodn, =-2 K/km.
Kot taAL, otnv 1000gpun nepintwon, n EAA dgv petafaAAel ovolwdwe tn Osppokpaocia.
TNV MPOTUTN atpuoodapa, n EAA 300

S: Standard temperature gradient (I'= 6.5 K/km) S5 Pealiotikn

e |: |Sothermal atmosphere (I' = 0) S7

otnv enudpavelakrn Bepuokpaocia
glval HIKpOTEPN KABWC N «EVEPYOC
Bepuokpaociar» eivat upnAotepn,
267 K.

m  Hauvénuévn emudpavela vedpwv
JOxeL TV emidpaveLla ¢ 'ng otig

EVAANOKTIKEC TIEPUTTWOELG. 250 ~ “ — 16 17
L : R ~ L TR
m SNV nepintwon OEPUOKPOUOLOKAG 240 S - Sso B
avaotpodng, n EAA PuyxeL navia R4 Ré R7

v erudaveia tng Nng.

290

280

270

260

Surface temperature (K)

230

SO

S2

== = R:Temperatureinversion (I =-2 K/km)

S3 s4

S6

No atmosphere No RAG

No clouds

Euxaplotw tov Ap. Jozsef Szildgyi yia tn oulrtnon mou mpokdAeoe authv TV (Mpwtotumn) avaiuaon.

No WV

No clouds

No NCRAG NoNCRAG With RAG
No clouds With clouds

With RAG With RAG, 2xNC

No clouds With clouds With clouds
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#4 Itnv npotunn atpocdapa, n EAA kuplapyeital an’
10 H,0 (udpatpoug Ko GUVVEDQL) [ B —

Atmospheric CO,: Principal Control Knob
Governing Earth’s Temperature

Andrew A. Lacis,* Gavin A. Schmidt, David Rind, Reto A. Ruedy

Demetris Koutsoyiannis: Relative importance of
carbon dioxide and water in the greenhouse effect:
Does the tail wag the dog?

Ample physical evidence shows that carbon dioxide (CO;) is the single most important
climate-relevant greenhouse gas in Earth's atmosphere. This is because CO,, like ozone, N,0, CH,,
and chlorofluorocarbons, does not condense and precipitate from the atmosphere at current
climate temperatures, whereas water vapor can and does. Noncondensing greenhouse gases,
which account for 25% of the total terrestrial greenhouse effect, thus serve to provide the stable
temperature structure that sustains the current levels of atmospheric water vapor and clouds via
feedback processes that account for the remaining 75% of the greenhouse effect. Without the

radiative forcing supplied by CO- and the other noncon Aancina.nrasn holca-nacac

JAN / 5 NOVEMBER, 2024 / ARTICLES, NEWS, PAPERS, RECENT PAPERS

Using a detailed atmospheric radiative transfer model, we derive macroscopic relationships of
downwelling and outgoing longwave radiation which enable determining the partial
derivatives thereof with respect to the explanatory variables that represent the greenhouse
gases. We validate these macroscopic relationships using empirical formulae based on

the terrestrial downwelling radiation data, commoenly used in hydrology, and satellite data for the outgoing
greenhouse would collapse, plunging the global climate into an icebound Earth state. radiation. We use the relationships and their partial derivatives to infer the relative importance

of carbon dioxide and water vapour in the greenhouse effect. The results show that the

I r r I 14
u H napanavw E pvao l-a E l-val- T[OAU 5 n uod) L}\n q O-Tr]v contribution of the former is 4% - 5%, while water and clouds dominate with a contribution of
« ST[LO--[r'] I-'lr] TOU K}\'LM(ITOC ». 87% — 95%. The minor eﬂeft of carbon dioxide is confirmed b-y the small, non-discernible .
effect of the recent escalation of atmospheric CO, concentration from 300 to 420 ppm. This
] Qo--[éo-o sival }\aveacuévn KOLL 6€V unopei Va Xpno-l_ueoo-el effect is quantified at 0.5% for both downwelling and outgoing radiation. Water and clouds
’ also perform other important functions in climate, such as regulating heat storage and albedo,

wq ST[l()Tr] HOVLKr’] Bd.orl V l.a TOV T[p006 lOp Lo ué Trl q OXETLKr’] q as well as cooling the Earth's surface through latent heat transfer, contributing 50%. By
GI’] I.laci.aq _[wv T[apG,Vévth T[OU ET[I‘] pEdZOUV '[I’]V EAA’ confirming the major role of water on climate, these results suggest that hydrology should
eneldn Baoiletal oe GaAVTAOTIKEC UTIOBEDELG.

m H epyaoia mou ¢paivetal ota d€€Ld TNV €XEL AVTIKPOUOEL.

have a more prominent and more active role in climate research.

Read more here. You find supplementary data here

A. Koutooyiavvng, H,O, CO,, KAwuatikn AAAayn 15



Napayovtec mou ennpealouvv tnv EAA: Néa Oswpntikn Bdaon

H petatomnion ar’ tnv «evepyo Beppokpacia» (=30 K; 33 K katd touc Lacis et al., 2010) dev pmnopei va
anodoBel anokAelotika otnv EAA, adou o kUplog apayovtag eivat n Beppokpactakn KAlon.
Y& oUyKplon HE TN pavtaoTikn mepimtwon xwpig AEA kal cuvveda, n cUVOALKN emibpacn Twv M AEA
elvat:

0 Mnbév og 1000gpun atpdodalpa.

0 10K o atpoodatpa pe Beppofabuida 6.5 K/km.
AuTtd eival ta anoteAéopata tnG LeEAETNS Twv Koutsoyiannis and Tsakalias (2025), n onoia wotéoco dev
uropet va a€lodoynoet pe akpifela tig emdpAoelg, KAOWCE CUYKPLVEL PEAALOTIKEC LE N PEAALOTLKEC
KOTALOTAOELC.

H emiotnovikn pe@odoAoyia eivat va AapBdavovtot AoyapLlOpLKEG LEPLKEG TAPAYWYOL LLOG
noAv petafAntng cuvaptnong L n onoila ekppalel tnv e€aptnon amo dtadopoug napdyovies F; mou tnv
ennpealouv, va UTTOAOYI{OVTOL OTO ONMELO IOV AVILITPOCWIEVEL TNV TPEXOUCA KOTAOTAON, KOl VO
ouykpivovtal petatl touc, SnAadn:

dL oL F; dF, dF; dlnL OL F

d(lnL) = T = i a—FLITl = ZLﬁ‘lTl = ZU;idlnFi, L#If'l = alnFi = a_Fl f

AUTO €yLve otn HeAETN Tou Koutsoyiannis (2024e), Baolopévn otnv TuTiikn Bewpla Katl og €va Kablepwpevo
pHovtéAo atpoodalpkic aktivoBoAiac (MODTRAN), kaBwc kat o Sopudopika dedopéva aktivofoAiag.
(Znueiwon: To MODTRAN eival o akptBec amd to RRTM aAAd dev meplhapfavel Tnv aktivoBoAia SW.)

A. Koutooyiavvng, H,0, CO,, KAtuatikn AAAayn 16



Mepattépw Kouvotopia TG epyaciog oto SCC: MOKPOOKOTILKEC OXECELC

Baowkr) oxéon mov dnuovpyndnke anod anoteAéopata MODTRAN kat Sopudopika dsdopéva:

_ e T\ | (ea)"® [CO,]
LD,O =L (1 + (F) i (;) )(1 i acoz In [Coz]o) (1 i aCC)

a

Lp o: pon aktwvoBoliag MK, katepxouevn (D) kat e§epxopevn (O)

T: Beppokpaocia kovta oto eninedo tov edadouc

e, Tiieon vdpatuwyv kovta oto eninedo tou edadoug’

[CO,|: atpoodatpikr cuykévipwon CO, pue[CO,],= 400 ppm:

C: kAaopa enipavelac vepwv:

L*,T*,e;: 5L00TATIKEG TTAPAMETPOL e povadeg [L], [T] kau [e,], avtiotoa

o 0 0O 0 0 0O O

N7.Me,Aco,,A¢c: AOLACTOTEG TIOPAHUETPOL.
OL TLHEC TV TTapAUETPWYV BeATiotomolOnkav pe Baon ta anoteAcopata tov MODTRAN ylo
kKaBapo oupavo, EKTOG Ao TNV ., N omola ekTLunOnke oo dopudopika dedopeva CERES.

OL kUploL mapdyovteg F; twv omolwv availnteitat n oxetikn onovdatdtnta eivat {T, e, [CO, ], C},
EVW OAoL oL dAAOL TtapAyovTeg ou Sev meplhapBavovtal otnv napandvw éicwon Anddnkav
eniong unoyn anevBeiag amnod tpetipara tov MODRAN.
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Anotéleopa: To CO, nailel eAayLoto poAo (EKTLUWEVO O€ 4-5%)

ZupuBoAn Twv apayovtwv EAA otic dtakivioeig aktivofoAiac MK

KATEPXOMENH
ch/z\ /_A)\)\i;oépla
\‘ Yopatpoi
50%

zoweoda

E-EPXOMENH

AMa a€pla

8%
co, Ydpartyoti

48%

2ovweda
39%

Mnyn ypadnuatog: Koutooylavvng (2024e).
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#5 O petpnoeig aktwvofoAiac MK
SLapkeLac evoc awva dev deixvouv
kapia aAAayn otnv EAA

Evw n «emotipn tou KAlpatoc» pAvapet yia to
CO; w¢ Tov KaBopLoTLKO TtapAyovTa
«Beppoknmiou», n udpoAoyia MOCOTIKOTOLEL
ocuotnuatika tnv EAA gdw ko 70 xpovia.

AuTO elval amapaitnto o€ UTLOAOYLOUOUG
g€atone, ko oL oxetkol tumol Baoilovtal os
dedopéva atpoodalplkic vypacioc.

Ynapxouv dedopéva aktivoBoliac MK yia akopa
HEYOAUTEPO XPOVLKO SLACTNHA, EEKLVWVTOC OO TO
1912 (Angstrom, 1916).

Ou Koutsoyiannis and Vournas (2024) avéAuvoav
HLa peyaAn cuAAoyn S€60MEVWV KATEPXOHEVNG
aktwvofBoAiag MK otnv emipaveia tng ne.
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Research Article

Revisiting the greenhouse effect - a hydrological

Demetris Koutsoyiannis & Christos Vournas
Pages 151-164 | Receive d 01 Sep 2023, Accepted 09 Nov 2023, Published online: 22 Dec 2023
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ABSTRACT

Quantification of the greenhouse effect is a routine procedure in the framework of
hydrological calculations of evaporation. According to the standard practice, this is made
considering the water vapour in the atmosphere, without any reference to the concentration
of carbon dioxide (CO5), which, however, in the last century has increased from 300 to about
420 ppm. As the formulae used for the greenhouse effect quantification were introduced
50-90 years ago, we examine whether these are still representative or not, based on eight
sets of observations, distributed across a century. We conclude that the observed increase
of the atmospheric CO; concentration has not altered, in a discernible manner, the
greenhouse effect, which remains dominated by the quantity of water vapour in the
atmosphere, and that the original formulae used in hydrological practice remain valid.
Hence, there is no need for adaptation of the original formulae due to increased CO;
concentration.
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H 0 n uthlKr’] a 0 gn Grl tn g 0 50 100 150 200 250 300 350 400 '."450

450
—2012-13/ Lietal.

atpoodaipikig [CO;] [y

A
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’ ’ = 1922-26 / Dines (amo Brunt & Swinbank)
SdLakpLto onua by
, , , g 300 Equality’linf:e
= Havilvonauricmcoulotic £ e
dedopévwy bev beiyvel kapia g 250
aeOntn enidpacn otnv évtaocn tng :
EAA («Bgppoknmiou»), mapd tnv = 200
avénon tng atpoodatpikng [CO,] amo s Tuxdv in ayieAntéa evioxuon Tou
' ' S 150 dawvopévou Tou Bepuoknmiou, Aoyw
300 o€ >400 ppm o€ gvav alwva. g Q0ENGNG TNC CLYKEVTPWONG CO, aTtd
’ ’ ’ 300 o€ >400 ppm o€ Evav awwva, a
m AuTO EMIKUPWVEL TO e£wpl’]'ﬂ.KO 100 (])O.lV(')I'(lVLUC ouotnpqukr’] otadlakn
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anotsksoua OoTL N onpaoLla Tou COz BEELA Y10 TIG TTHO TPOCHATEG OELPEQ
glval tooo pikpn (4%) mou bev Ba %0 eARPRPE——
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Abstract

It is common knowledge that increasing CO, concentration plays a major role in enhancement of the
greenhouse effect and contributes to global warming. The purpose of this study is to complement the
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increase in CO; concentration, the relationship of atmospheric CO; and temperature may qualify as
belonging to the category of “hen-or-egg” problems, where it is not always clear which of two interrelated
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events is the cause and which the effect. We examine the relationship of global temperature and
atmospheric carbon dioxide concentration in monthly time steps, covering the time interval 1980-2019
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during which reliable instrumental measurements are available. While both causality directions exist, the
results of our study support the hypothesis that the dominant direction is T — CO2. Changes in CO2 follow
changes in T by about six months on a monthly scale, or about one year on an annual scale. We attempt to
interpret this mechanism by involving biochemical reactions as at higher temperatures, soil respiration and,
hence, CO; emissions, are increasing.
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Avarntuén kat epappoyn EVOC VEOU TIAALOLOU ALTLOTNTOG

KaBwg evtomiotnkav
npoBAnpata otLg
UTTAPXOUOEC
uebodoug,
avantuéope YL vea,
n onuaocia tng
omolag ival
npodnAn kabwc:

a) H awtiotnta eivat
KEVTPLKA Evvola
OTNV EMLOTAKN,
dloocodia kat otn
{wn, Ye oAU
uPNnAn olKOVOUIKA
onoudalotnTa.

b) Mpoodarta, n
aLTLaKn
CUVETIAY WY €XEL
yivel apéva pe
TEPAOTLO
evéLadépov.

4

THE ROYAL SOCIETY | ajourais v | cono | 2

PUBLISHING —

THE ROYAL SOCIETY ‘ All Journals v ‘ 00% D ‘ o w

"UBLISHING = =3

PROCEEDINGS OF THE ROYAL IpROCEEDINGS OF THE ROYAL
SOCIETY A SOCIETY A

MATHEMATICAL, PHYSICAL AND ENGINEERING SCIENCES

MATHEMATICAL, PHYSICAL AND ENGINEERING SCIENCES

Research articles
Revisiting causality using stochastics: 1. Theory Research articles

Demetris Koutsoyiannis =], Christian Onof, Antonis Christofides and Zbigniew W. Kundzewicz ReViSiting Causality using StOChaStiCSZ 2. Applications

Fublished: 25 May 2022 https://dol.org/101098/rspa.2021.0835 Demetris Koutsoyiannis &, Christian Onof, Antonis Christofidis and Zbigniew W. Kundzewicz

Published: 25 May 2022 | https://doi.org/10.1098/rspa.2021.0836

Causality is a central concept in science, in philosophy and in life. However, reviewing various Abstract
approaches to it over the entire knowledge tree, from philosophy to science and to scientific and
technological applications, we locate several problems, which prevent these approaches from
defining sufficient conditions for the existence of causal links. We thus choose to determine
necessary conditions that are operationally useful in identifying or falsifying causality claims. Our
proposed approach is based on stochastics, in which events are replaced by processes. Starting
from the idea of stochastic causal systems, we extend it to the more general concept of hen-or-
egg causality, which includes as special cases the classic causal, and the potentially causal and

In a companion paper, we develop the theoretical background of a stochastic approach to
causality with the objective of formulating necessary conditions that are operationally useful in
identifying or falsifying causality claims. Starting from the idea of stochastic causal systems, the
approach extends it to the more general concept of hen-or-egg causality, which includes as
special cases the classic causal, and the potentially causal and anti-causal systems. The

anti-causal systems. Theoretical considerations allow the development of an effective algorithm, [ framework developed is applicable to large-scale open systems, which are neither controllable
applicable to large-scale open systems, which are neither controllable nor repeatable. The nor repeatable. In this paper, we illustrate and showcase the proposed framework in a number of
derivation and details of the algorithm are described in this paper, while in a companion paper case studies. Some of them are controlled synthetic examples and are conducted as a proof of
we illustrate and showcase the proposed framework with a number of case studies, some of applicability of the theoretical concept, to test the methodology with a priori known system

which are controlled synthetic examples and others real-world ones arising from interesting properties. Others are real-world studies on interesting scientific problems in geophysics, and in
scientific problems. ' particular hydrology and climatology.
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Mpoosyyioelc otnv attiotnta Kat n pebodoAoyia pog

H eMLOKOMNON TWV IPOCEYYLIOEWY OTNV ALTLOTNTA O OAOKANPO TO SEVTPO TNG Yyvwong, anod t ¢pthocodia €wg TV
ETILOTAMN KAL TV TEXVOAOYLKI KOL KOWVWVLKOTIOALTIKN £dappoyr], aveSeLée onUavTika dAvta npoBAnpota.

H néBodo¢ pag €6eoe évav petplonabr otoxo: Na mpoodlopicoupe avaykaieg cuvONKeG Tou eival AstToupyLkd
XPOLUEG YL TOV EVTOTILOHO N TNV QVTIKPOUGN LOXUPLOUWYV aLTLoTNTOG dEV avalnNTAOOLE LKAVEG CUVONKEG.
OL avaykaieg ocuvBNKeg eival xpAoleg amnod duo anoyelg:
0 2€ anodelktikn popdn, ya va dtapeloouv po UTTOBETIKN oxéon awtotntag Seixvovtag otL mapafLalet tnv
avaykaia cuvenkn.
0 2€ EMaywytkn popdn, yia va mpooBEcouv otolxeia UTIEP TNE TBavoPAVELAG LLOG UTTOBEONC ALTLOTNTAC.

H néBodo¢ pag avtikablota ta cupUBAavTa e OTOXAOTIKEG aVeALEELG: BaaoileTal MANPwWC 0TN OTOXOOTIKN—EvVa
UTtEPOUVOAO TG Bewplag MBaVOTATWY KAl OTATLOTLKAG, E TOV XPOVO va Mailel ouolaoTiko poAo.

H uébodog Baoiletal o€ pia emaveEEtaon tng €vvolag TG ouvaptnong naApking andkpiong (XNA—IRF).

Ta npaypatika dsdopéva, SnAadn XpovVooELPEG TapATNPNOEWY, aoTeAoUV Tn Lovn Bdaon tng pebodou.
ATIOTEAEGLOTO LOVTEAWVY KOl O ATTOKAAOUUEVOC TELPAUATIOUOG in silico amoKAEilovTaL KATNYOPNOTIKA.
AVTIOETWC, N MEBODSOC pHag mapexel Eva edio SoKLUWVY yLo va TtpooSLOPLOTEL EAV TA LOVTEAQ ELVOL CUVETA LE TNV
TPAYLOTLKOTNTA.

To yeviko mAaiolo edpapuoyng tng pebodou eival yia tnv nepintwon Kota 4 Auyo (KHA), dnAadn audidpoun
QLTLOTNTA, EVW Ol LOVOKATEUBOUVTIKEG TIEPLITTWOELG EVOC QUTIKOU oUuoTAUATOC (KateuBuvaon attiotntag ol upwva
HE TNV UtOBeon) n eVOC avtiattiakoU ouothuatog (kateuBuvon attotnTag avtiBetn anod tnv unobeaon)
TIPOKUTITOUV WG ELOLKEC TIEPUTTWOELG.
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Mabnpoatikn avarapaoctoon
m  Onotodnmnote {elyog otoxaotikwy avelitewv x(t) kat X(t) umopet va ouvdeBel pe tn oxéon:

y(®) = [_, g(Wx(t — h)dh + v(t)
onou g(h) eival n cuvaptnon maAutkng anokpiong (XMA—IRF) kat v(t) eivat pio GAAN aveéAgn
aouoxETLoTN pe tnv x(t).
= Yrapyouv anetpa evyn (g(h), v(t)), and ta omoia emthéyoupe tn AUon elaxiotwv tetpaywvwy (AEE—
LSS): autr mou eAaxlotonolel T dtaomopa var[y(t)] | LEYLOTOTIOLEL TNV eTteEnyoUuevn dLoomopa e ==
1-— Var[g(t)]/var[y(t)].
= YroBétovtag ot n AEE g(h) €xeL mpoodloplotel, To clotnua (x(t), y(t)) xapaktnpiletat wg:
1. SuvnTika autiako Ttomov Kotag f avyol (KHA) av g(h) # 0 yia pepika h > 0 ko peptkd h < 0,
gvw n eneényoupevn Sltaomopad Sev elvat apeAntéa:
2. Suvnukd awtiakd av g(h) = 0 ywa kGBe h < 0, evw n emegnyolpevn Slaomopd Sev eival apeAntéa
3. Suvnukd avuattiakd av g(h) = 0 ywa kaOe h > 0, evw n eme€nyoluevn dlacmopd Sev sival
apeAntéa (auto onuaivel 6tLto cvotnua (y(t), x(t)) eivat Suvntikd aLTLoKko):
4. M OTLOKO €AV N eme€nyolevn dtaomopad sival apeAntea.

= To mAaiolo mpoodLopLoHoU AULTLOTNTAC KATAOKEVALETOL Yl TNV MePUTTwon 1, KE TIC AANEC TPELG
TIEPUTTWOELG VO TIPOKUTITOUV W ELOIKEG TIEPUTTWOELC.
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Edbappoyn otn oxéon Oeppokpaciac ko [CO,]

Avtipetwnilovtag to cvotnua (7,[CO;]) wg duvntikad attiakd  Avtipetwnilovtag to cuotnua ([CO2],T) wg SuvnNTIKA ALTLOKO

tuTou KHA, cupumepaivou e OTL elval SUVNTLKA aLTLOKO TUmou KHA, cupnepaivoupe OtL elvat SuvNTIKA AVTLALTLOKO
(novokatevBuvTLKO) e emegnyolpevn Staomopa 31%. (avtiBeTn KatevBOUvVoN) e ene€nyolpevn dtaomopd 23%.
0.0007 y 2 09009 12
—o— |RF —o— |RF
0.0006 = === Mean 10 - - - - Mean
——————— Median ------- Median , . .
0.0005 Nnyn ypadriparog:
8 Koutsoyiannis et al.
0.0004 3 (2022b)).
2 x & 6 Asdopéva yio T:
0.0003 - B University of Alabama
i ! in Huntsville (UAH):
0.0002 i1 4 yla [CO,]: Mauna Loa
i : Observatory
(]
0.0001 b 2 Nepiodog: 1979-2021
T ->[CO,] ¥ [CO;]>T
0 — 0 ¢ 900000000000 0000000
-20 -10 0 10 20 -20 -10 0 10 20
Time lag (months) Time lag (months)

Tuunépaopa: H kown avtiAndn ot n avénon tou [CO,] mpokaAel avénpévn T LmopEL va
artokAELoTeEL KBWC apafLalel Tnv avaykoio cuvenkn yU autiv tThv Kateubuvon atotnTagc.
AvtiBeta, n katevOuvon attotntag T = [CO,] eival eAoyn.
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H epyaoia oto Sci
(2023) (aplotepa)
ETIEKTELVE TNV
T(POCEYYLON O€
TOAAOTTAEC
KALHLOLKEG KOl TNV
edpapuooe oe
HeyaAUTepn
XPOVLKN Tteplodo
TIOU KAAUTITETOL
Qo LETPNOELC.

H epyaoia oto
MBE (2024) (6€€1a)
BeAtiwoe
neBodoloyia kat
Xpnotwuomnoinoe
emiong
UnoKaTaoToTa
dedopéva yla
0oAGKAnpo tov
Davepolwiko.

On Hens, Eggs, Temperatures and CO5: Causal Links in Earth’s
Atmosphere

by Demetris Koutsoyiannis *." & &, Christian Onof 2 &, Zbigniew W. Kundzewicz 3 & and
Antonis Christofides 1 &

1 Department of Water Resources and Environmental Engineering, School of Civil Engineering, National
Technical University of Athens, 15778 Zographou, Greece

2 Department of Civil and Environmental Engineering, Faculty of Engineering, Imperial College London, London
SW7 2BX, UK

3 Meteorology Lab, Department of Construction and Geoengineering, Faculty of Environmental Engineering and
Mechanical Engineering, Poznan University of Life Sciences, 60-637 Poznan, Poland

* Author to whom correspandence should be addressed.

Sci 2023, 5(3), 35; https://doi.org/10.3390/s¢i5030035

Submission received: 17 March 2023 / Revised: 24 May 2023 / Accepted: 5 September 2023 /
Published: 13 September 2023

(This article belongs to the Special Issue Feature Papers—Multidisciplinary Sciences 2023)

Abstract

The scientific and wider interest in the relationship between atmospheric temperature (T) and concentration of
carbon dioxide ([CO5]) has been enormous. According to the commonly assumed causality link, increased [CO,]
causes a rise in T. However, recent developments cast doubts on this assumption by showing that this relationship
is of the hen-or-egg type, or even unidirectional but opposite in direction to the commonly assumed one. These
developments include an advanced theoretical framework for testing causality based on the stochastic evaluation
of a potentially causal link between two processes via the notion of the impulse response function. Using, on the
one hand, this framework and further expanding it and, on the other hand, the longest available modern time series
of globally averaged T and [COy], we shed light on the potential causality between these two processes. All
evidence resulting from the analyses suggests a unidirectional, potentially causal link with T as the cause and
[COy] as the effect. That link is not represented in climate models, whose outputs are also examined using the
same framework, resulting in a link opposite the one found when the real measurements are used.
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As a result of recent research, a new stochastic methodology of assessing causality was developed. Its application to

Download PDF Supplements

instrumental measurements of temperature (7) and atmospheric carbon dioxide concentration ([CO;]) over the last
seven decades provided evidence for a unidirectional, potentially causal link between T as the cause and [CO;] as the
effect. Here, | refine and extend this methodology and apply it to both paleoclimatic proxy data and instrumental
data of T and [CO;]. Several proxy series, extending over the Phanerozoic or parts of it, gradually improving in
accuracy and temporal resolution up to the modern period of accurate records, are compiled, paired, and analyzed.
The extensive analyses made converge to the single inference that change in temperature leads, and that in carbon
dioxide concentration lags. This conclusion is valid for both proxy and instrumental data in all time scales and time
spans. The time scales examined begin from annual and decadal for the modern period (instrumental data) and the
last two millennia (proxy data), and reach one million years for the most sparse time series for the Phanerozoic. The
type of causality appears to be unidirectional, T-[CO;], as in earlier studies. The time lags found depend on the time
span and time scale and are of the same order of magnitude as the latter. These results contradict the conventional
wisdom, according to which the temperature rise is caused by [CO;] increase.
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Koulil: mowa givat (duvntika) n attiot Kot ToLo To ANOTEAECHA;
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Mnyn: Koutsoyiannis et al. (2023, ypadnuatikr mepiAnn cuUmAnpwUEVN UE TV TTPOCORKN TPLWV TILO TIPOCHATWY ETWV—KEVA TETPAYwWVA).

A. Koutooyiavvng, H,0, CO,, KAwuatikn AAAayn 27



H katevBuvon awtidotntag oo o

OTO KALMOTIKA LOVTEAQL v | 10 oo
gelval avtifetn and avty oo ;
nouv Seixvouv ta dedopéva =, o
m Avw: 2MA (IRF) and ésdopéva (T 0.0003 4
amno enavavaluon NCEP/NCAR: 00002 ,
[CO;] a6 Mauna Loa) yia thv o0 |
nepiodo 1958-2021° aplotepa: "o 10 0 10 0 10 0 10
ATeAln [COZ] (suvnth(x altlaKé Time lag (months) Time lag (months)
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------- median 0.8 megian
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AEKOLETNG XPOVLKN KALHOLKOL — TTPOLYLOLTLKOL OEOOUEVA

m  Mepol emkpueéc (m.y. Asbrink, 2023) woyuplotnkav (xwpic va mapdoyouv urtoloytopolc) ot n
kateVBuvon attotntag T - [CO,] oxVEL LOVOo yLla ETAOLEG/UTIOETHOLEG KALMOKES, EVW OE LEYAAUTEPEG
KALLOKEG N KateLBUVON avTloTPEPETAL.

m  Qoto00, ol ZMMA (IRF) yla Sekaeti KALpaKka AAL UTOSNAWVOUV £va SUVNTIKA OLLTLAKO CUCTNA TTPOG
TNV 6o KatevBOuvon e vOTEPNON > 3 €TWV Kal anoKAgiouv thv KateuBuveon [CO,] = T (BA.
Koutsoyiannis, 2024b).

m  AutoO armnelkovileTal eniong oTo MapakATw ypadnua, OToU oL TLUEC TTOU amelkovilovtal elvol SEKAETELG
HEooL Opol (UTToAOYLIOUEVOL QVA £TOC) XPOVOOoELpwY Sladopwy yLa Xpoviko Brua Stadoplong 1 £touc.

m H nepintwon omnou to [CO,] votepel tou T katd €va £tog Sivel Tov UPNAGTEPO GUVTEAESTH CUOXETLONG.
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MpwTtdtuTo Ypddnua authg ThG mapouacioong dedopéva amo Koutsoyiannis (2024).
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‘Eva artAo povtélo-rtayvidt pe katevBuvon attiotntac T = [CO,]
glvall TMANPWCG CUUPATO UE TIC LETPOUHEVEC aANayEG otnv [CO,]

m To uOVTé)\O-T[alXVi6L éXEl -[nv Explained variance of the T > [CO,] model (annual scale): 81% P s Human CO, emisions

7 7 10 . .
. (including land-use
arAn ékppaon: thange)
_— 20 . . 8
Aln [COZ] - 2j=0 g] ATT—] + Hy . ——— Change in atmospheric

[CO,], from
observations

g;j = 0.00076 j%67¢~02J /K
u, = 0.0034 (T, /K — 285.84)
omnou T, eivaL n peon
Beppokpaocia twy
T(PONYOUHEVWV TECOAPWYV ETWV 2 (f?@va@w - % \ : human emissions, from
ko K etvat n povada kelvin. 4 “&,@’\ | { ke ;s 5 observations
, \M %l \\g_}\:& ? »\J\ /@"‘\\\ % o
m Me OLGpOLGr] KOl 6 \j : &v be SP,%‘ %j&ﬁ =& = [CO;] change minus
. I \‘gf‘ d‘g ] human emissions, from

aroAoyapiBunon, Bplokoupe . the T~ [CO,] model
Tn Xpovooslpa Tou [COZ] arno 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020
T(PONYOULEVEC TIUEG TOU T. Year

== Change in atmospheric
[CO,], from the
T-[CO,] model

CO, (Gt C/ year)
N

_____ [CO,] change minus

NemTouEpELEG LovTEAOU-TtaxvidLlou: Koutsoyiannis et al. (2023)" mnyn ypadnpatog: Koutsoyiannis (2024€). To KATw HEPOG TOU ypadnLaTOG (MPACLVEG
YPOUUEG) epAaBAVETAL Yia AOYOUG GUVETIELAG HE EVa eVPEWC Sladedopévo ypadnua (yvwaotd Kot wg «Excalibury), To omolo umotiBetatl mwg Selxvel Tig
avBpwrtveg ekmopmneg CO, va ival n attia tng avgénong tou [CO,] otnv atpdodatpa.
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ESaywyn
nAnpodoplwv yia tnv
ouTLIoTNTA Ao
noAAanAa dedopcva

«OL eKTEVE(C AVOAUOELC
ouykAivouv o€ éva puovo
ouunépaocua, otL n aAAayn
otn depuokpacia odnyei kat
otL n ouykévtpwon bdtoéeibdiov
TOoU avIpaKka uotepei. AUTO
TO CUUTTEPOAOUO LOYUEL TOOO
ylol T UTTOKATAOTATO,
debouEva 000 Kal yLa ta
debdouEva aro opyava o€ OAEC
TIC XPOVIKEC KAIUOKEC KOl TOUG
XPOVIKOUG 0pilovTEC. »

Mnyn: Koutsoyiannis (2024b, mepiAnyin
Kol ypadnuatikn mepiAndn).

ZOVOYT TOV YPOVIKAV VOTEPNGEMV (6€ £T1)) TG duvnTIKA artiekng oyéong 7 — [CO,]
(0eTIKEC 6€ OLES TIC TEPITTAOGELS)
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Mo onpeiwon yio 6oouc SuckoAevovtol va TILoTEYPOoUV OTL N
avénon tn¢ Oeppokpaociac avéavel Tic PuolkeEC ekmopunécg CO,

Observed soil respiration

(Mmol m2 s)

12

—
o

oo

==Q10 = 2.35 - Best fit on data Vi
==0Q10 = 3.05 - Global average (Patel et al., 2022) ///
A

|

« i | |
5 10 15 20 25

Soil temperature (°C)

30

Ot {wvtavol
opyaviopol ayarmouv
TIG OepUEC OUVONKEC
Kol aUEAVOUV EKOETIKA
TNV AVOIVoN TOUG HE
™ Oeppokpaoia:

T—T, 10
R(T) = R(Ty)Q 0~/

(Q10: adlaotatn
TLOPALETPOC).

Ipadnua pe dedopéva avamvorg kot
Beppokpaciag edadoug katda thv
nepiodo 2005-10 o€ pa eLKpOTn
meploxn He aglBaln kwvopopa dacon
otnVv lanwvia, TPocapUOCHUEVO ATIO
Ttoug Makita et al. (2018).

Mayk6o oG HECOG 6poG Qo Ao
Patel et al. (2022).

Qwrtoypadia and Moore et al.
(2021)
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#7 To wooluylo avBpaka otnv atnocdolpa Kuplapyeital ano
d)UGleq 6l£pvaol£c i I'Elf)oslopnxavméc W ZUyXPOVEC TIPOCHBNKEC

§ Akabaplotn dwrtoolvoeon
OL avBpwrot eivat umeBuvol yia 1o 4% g O] QVarvor Kat Guté
P«OVO Twy EKTIOWTUOV avepaKa (B(IO'EI. 2 Hdatotedtnta, EkKAuon amo YAUKka vepd
debdopévwy g IPCC).
J 4 ’ x4 . ’
2. HmAegovotnta twv aAAaywv otnv g Attoppéhnon kat dwoovveeon
atpoodatpa amnd 1o 1750 (KOKKLVES 3 MdBpwon Bpaxwy
‘ ‘ ‘ 5 o 3 Avanvor &l 77.6
UTIAPEC oTOo Ypadnua) eival ano Ppuolkég © d -
diepyaoieg, avarnvor) kat pwtoouvbeon. g o o
, , £ |Opuktdkavoa kat mapaywyn ToHEVTOU B o4
3. OLauénoelg otnv mapaywyn Kat 3 o
h co i\ = AMayn xpriencyng 1.6
OU:EOppOd)r]Og 2 Od)E ’OVT(XL OTI’]’V & Ekpogcs: —221.8 |Elopogc: 226.9 (Aladopa: 5.1)
avénont EpHOKpACiag, n omola
En n nq pu p q’ r] -150 -100 -50 50 100 150

enekteivel tn Bléodarpa kat tnv kKabLota

) Awakwnoelg CO, (Gt C/ £10¢)
TULO TTOLPOYWYLKN).

OL eKTIUNOELG Elval «emionueg» amo tnv IPCC (2021 3xnua 5.12). H mapouaciacn oto

2. Ouxepoaieg Slepyaoieg tng Bloodatpag TOPOTAVW OXAHA ElVaL «QVETIONKN», TPOCAPUOCHEVN amd Tov Koutsoyiannis (2024c).
elvat rmoAu o LOXUPEG OTTO TLG 90(7\0(00qu Ztnv npoodatn dnpoacieuon Twy Lai et al. (2024) oL eKTLUAOELG TNG akaBAPLOTNG
o€ TtOLpOvaVI"] KOLL OtTtOppéd)non CO,. dwroolVOeoNC KAl avarmvong sivat akopun uPnAotepeg, 157 kot 149 Gt C/£tog (avti yia

, , , 142.0 ko 136.7 Gt C/€tog), avtiotowya.
5. OLavuénoelg otig ekmouneg CO, povo

art’ TNV wkeavia Bloodatpa eival oAU peyaAUTEPEC ATt TG AVOPWITLVEG EKTIOUTIEG.
6. OLouyxpoveg (Letd To 1750) Ppuoikég mpooOnkeg CO, OTLC TTIPOBLOUNXAVIKEG TTOCOTNTES (KOKKLVEG UTTAPEG OTO
Oel uoo tou ypadnuatoc) unepfaivouv TG avOpWILVEG EKMOUTTEG KATA Evav apayovta = 4.5,
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H avénon twv puokwv eknopnwv CO, Adyw avénonc tng Osprokpaoiog

Cumulative inflows and ouflows since 1965 (Gt)
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Naturalinflow

Total inflow

Natural outflow

Balance

— — Hypothetical natural inflow for a "static biosphere"

"CO; absorbed by Nature"

This is what mainstream scientists,
both zealots and skeptics, regard as
CO; absorbed by Nature

THE LIGHT {

1975

1980 1985 1990 1995 2000 2005 2010 2015 2020 2025

AuTH n EPLOXT) KAAUTITETAL OE Kupiopya
vpadnuata (pawvouevo pwtiopov §popou)

Mnyn ypadnuotog:Are my works wrong for several reasons? Mnyn yeholoypadiag: Florence Morning News, 1942-06-03, Mutt and Jeff Comic Strip, p. 7, Florence,
South Carolina® avaktiBnke kal mpocapuootnke amno Australian study of fluoridation neurotoxicity: Streetlight Effect Fallacy.
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H napapéAnon twv puoikwv diepyaoctwv: Ta OspeAiwdn Aadn tou
Arrhenius ou e§akoAovBouv va emnpedlouv TRV «KALLOTIKA EMLGTAKUN»

m O Svante Arrhenius (2ound06¢ dpuoLKOG Kal XNUKOG, 1859-1927- BpaPfeio NoumeA Xnueiag,
1903) untootipLée tn AavOaopévn oéa otL oL aAlayéc [CO,] otnv atpdodaipa
npokaAeoav tig aAAayEg Oeprokpaciog oe OAn TNV Lotopia TnE I'nc.

m Emiong o Arrhenius niioteve AavBaopéva 0Tl «PUTIKES Stepyaoiec» (avarmvon Kot
dwtoouvOeon) «punopei va napaierdOouvy» oto Looluylo avBpaka.

m  AG onUelwBEeL OTL TNV €moxn Tou Arrhenius, ol avBpwriveg ekmopneg CO, (mou Twpa
amoTteAoUV T0 4% TwWV CUVOALKWY EKTTOUTIWV) ATAV =4% TWV CNUEPLVWV. AUTO
uetadpaletal oe 0.25% twv TOTE GUVOALKWV eKTIOUTIWY. AnAadn], o Arrhenius mioteve OtL TO
Noo00oTo >99.75% «unopei va napaieidpOei» kat pdvo to mooooto 0.25% eival onUavTko.

absorbs it as it cools. The processes named under (4) and
(5) are of little significance,so that they may be omitted.
So too the processes (3) and (7), for the circulation of matter
in the organic world goes on so rapidly that their variations

cannot have any sensible influence. From this we must
Mnyn: Arrhenius (1896).

E¢fiynon:

(4): amooUvBeon avBpakikwy aAdTwWV:
(5): aneAeuBépwon CO, amod opukta:
(3): kabon kot amocuVBECN OPYOAVLKWV
CWHATWV:

(7): katavaAwon CO; pEow GUTIKWY
Slepyaciwv.
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loTOPLKO TNC UNTOTLKNONG TOU POAOU TNC Brocdarpac

H IPCC mapryoye mARpn MOCOTIKOTOLNON OAWV TWV CUVIOTWOWV Tou Looluylou avBpaka povo peta to 2007
(ExkB€oelc A€LloAoynong 4-6 — AR4 — ARG).

H AavBaopévn eKTiUNON TTOU KUPLOPXEL OTLE TIPWLUEG TtEPLOSOUC amodelkvUETAL Ao TO MAPAKATW YpAdnua, TO
OTTIOLO QATTELKOVITEL TLG EKTLMNOELG, OTOV XPOVO ToU €ylvay, Tn¢ Slepyaoiag mou €xel peAetnOel meploodtepo, NTOL
™M¢ dwrtoouvBeong otnv Enpd (f MpwTtoyevoug napavalgq).

npr T0 1970, ot SKTl.lJ.r']GElC ﬁtav oAU xaunkéc_ 160" | _e—Gross terrestrial photosynthesis - current Lai et al. & Haverd et al.

z ’ . ' ’ ’ I == Gross terrestrial photosynthesis - preindustrrial IPCC/AR6
( n uEle"r] : TTAPOHOLEG r’]TaV Kau ’aUTEC; an avarnvong 140 | —A— Net terrestrial primary production IPCC/ARS
otnv &npa: 15-25 Gt C/étoc kata tov Leith, 1963).

IPCC/AR4
Ta AR1-3 tn¢ IPCC, mapeiyav eKTILNOELC KAOAPAG
(OxL aka®aplLoTng) MpWTOYEVOUC MOpaywync, ot
omoieg Ntav oxedov otabepég otoug 60 Gt C/£tog.

120 Ciaisetal. —

IPCC/TAR

100
Houghton et al. -

Estimate of terrestrial photosynthesis (Gt C/year)

OL eMOUEVEC EKDETELC TTOPELXOV EKTLUNATELS YL %0 IPCC/FRR L bomeyarat
akaBadplotn pwtoolvOeon—emiong KoL yLo IPCC/SAR /= IPCC/TAR
TIPOBLONXAVIKEC CUVORKEC. 60 Revelle and Suess

stnv tehevtaia €kBeon (IPCC, 2021) ekTipdTon piat o ,/

HEYAAN Stadopd HETAEY TWV TPEXOUOWYV KOl TWV %0 e troder ,/ ‘_"ISP"C”C/E; o
TEOBLOUNXAVIKWY CUVONKWV. 0 1

Nedtepeg peléteg Sivouv uPnAOTEPES EKTLMAGELS A e o e TaR

TOOO yla TN GUVOALKI Ttapoywyr 000 Kal yla T 0
Stadopa.

1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 2020 2030

Mpwtdtumo ypadnua.  Year in which the estimate was published
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OL ouotnuatikéG petpnoelg [CO,] Oa Empene va eixyav anoppid et
TNV LOEA OTL Ol PUGCLKECG EKTIOUTIEC ELVOLL OLOTLOLVTEC

m O Charles David Keeling (Apepikavog emiotipovag, 1928 —2005) Atav 0 MATEPAC TWV CUOTNUATIKWY
napatnpnoswv [CO,] o€ 3 otaBuoug, Mauna Loa, La Jolla kat Notwo MoAo- to daypappa yio tn Mauna Loa
EXEL YIVEL yVWOTO w¢ KapumuAn Keeling. 316

m O Keeling (1960) énpoocicuoe T LETPAOELG 315
Twv SU0 MPWTWV ETWV O Lopdn mivaka.

m  MAAAOV QVEUEVE VoL SEL AVOSLKEG TAOELG,
oAAa Samnioctwoe emoxLoKkn dtakupavon, 313
onwc¢ ¢aivetal otnv nepiAnPn tou:

314

£ 312
510 BOpELo NuLoPaipLo ExeL 2
napatnpnUel ULo CUCTNUATIKNA 3 st
Swakupavon avatoya e TNV emoxn kar S 310
TO Yewypapiko mAdrog otn , 309 = —m—Maunaloa
OUYKEVTPWOT KAl OTNV LOOTOTULKT] —e—Lalolla
apdovia ToU bloéetbiouv tou avz?pOfKa 8 ot Pole
oTNV aTUoo@aLpa. 2TNV AVTaPKTIKY, 307
woTto00, EXEL TapatnpnUel Lo pkpn 1957.5 1958 1958.5 1959 1959.5 1960 1960.5

aMa 'Graﬁep n anI’]O'I’] e To ypadnua katookevdotnke anod ta dedopeva tou Keeling (1960) oe mivakeg. To
OUYKEVTPWONG. auBevtikd Slaypappa tou Keeling mepleAappave exwplotd ypadrpata yio tTn Mauna Loa

- anvl n BspuOKpaoia Sev avs’BaLve TOTE koL tov Notio MoéAo, ald oxt yia t La Jolla.
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H npoc£yyion tou Keeling

m [opatnpwvtag tnv emoxikotnta ot aAlayec [CO,], opOwG T anédwoe ota puta.

m QOTOO0O0, 0TN CUVEXELA aTEpPLPE aUTA TN
Aeltoupyia, amokpumtovtac To ypadnua
yla tn La Jolla, kat éAafe undyn povo tov
Natio MoéAo.

m 2nW., 0TV APKTLKA N €moxLakn enidpaon
glval peyaAutepn Mnvii: Keeling (1960).

1952). These data, theretore, indicate that the

seasonal trend in concentration observed in the

northern hemisphere is the result of the activity
of land plants. This interpretation receives
further support from the fact that maximum
concentrations have been found to occur in
spring at the outset of the summer growing
season for plants in the temperate zone; that
minimum concentrations occur in the fall,
approximately at the end of the growing season.

available in the future. At the South Pole the
observed rate of increase is nearly that to be
expected from the combustion of fossil fuel
(1.4 p.p.m.), if no removal from the atmosphere
takes place (ReVELLE and Sukss, 1957). From
this agreement, one might be led to conclude
that the oceans have been without effect in
reducing the annual increase in concentration
resulting from the combustion of fossil fuel.
Since the seasonal wvariation in concentration
observed in the northern hemisphere is several
times larger than the annual increase, it is as
reasonable to suppose, however, that a small
change in the factors producing this seasonal
variation may also have produced an annual
change counteracting an oceanic effect.
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#8 Ta Lootomika dedopeva avopaka
(6"3C, A'C) deiyvouv aAlayEg otnv
LOOTOTLKN} oUVOEON TOU
otpoodatpitkol CO,, aAAd Kaveva
onUAadL avlpwrivne emLppPong

H dnuooievon ota de€ld emaveéEtaoe TIg
aANayEC otnVv Lootorik ouvBeon tou CO;, otnv
atpuoodalpa Kol TPOXWPNOE OTN LOVTEAOTIOLNON
ne.

H epyaoia Baolotnke otn SuvapLkn Tou

Looluyiou palac mou epappootnke pe dedopeva

[CO,] kot 6C: oUyXpOVEG LETPROELG KAl
unokataotata dedopéva art’ to 1500 p.X.

Agv xpnolpomnolnonkav anoteAéopata
KALLOTIKWY LOVTEAWV.

Net Isotopic Signature of Atmospheric CO, Sources and
Sinks: No Change since the Little Ice Age

by Demetris Koutsoyiannis &3
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Abstract

Recent studies have provided evidence, based on analyses of instrumental measurements of the
last seven decades, for a unidirectional, potentially causal link between temperature as the cause
and carbon dioxide concentration ([CO]) as the effect. In the most recent study, this finding was
supported by analysing the carbon cycle and showing that the natural [CO;] changes due to
temperature rise are far larger (by a factor > 3) than human emissions, while the latter are no
larger than 4% of the total. Here, we provide additional support for these findings by examining
the signatures of the stable carbon isotopes, 12 and 13. Examining isotopic data in four important
observation sites, we show that the standard metric 873C is consistent with an input isotopic
signature that is stable over the entire period of observations (>40 years), i.e., not affected by
increases in human CO, emissions. In addition, proxy data covering the period after 1500 AD
also show stable behaviour. These findings confirm the major role of the biosphere in the carbon
cycle and a non-discernible signature of humans.
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NavOaopéveg eppnveiec tng IPCC yila Tic LOOTOTIKEC UTtoypadEC

Multiple lines of evidence unequivocally establish the dominant
role of human activities in the growth of atmospheric CO,. First, the
systematic increase in the difference between the MLO and SPO
records (Figure 5.6a) is caused primarily by the increase in emissions
from fossil fuel combustion in industrialized regions that are situated
predominantly in the Northern Hemisphere (Ciais et al., 2019). Second,
measurements of the stable carbon isotope in the atmosphere (d'*C-
CO,) are more negative over time because CO, from fossil fuels
extracted from geological storage is depleted in "C (Figure 5.6¢;
Rubino et al., 2013; Keeling et al., 2017). Third, measurements of the
d(04/N,) ratio show a declining trend because for every molecule of
carbon burned, 1.17 to 1.98 molecules of oxygen (0O,) is consumed
(Figure 5.6d; Ishidoya et al., 2012; Keeling and Manning, 2014). These
three lines of evidence confirm unambiguously that the atmospheric
increase of CO, is due to an oxidative process (i.e., combustion).
Fourth, measurements of radiocarbon (**C=C0,) at sites around the
world (Levin et al., 2010; Graven et al., 2017; Turnbull et al., 2017)
show a continued long-term decrease in the *C/"2C ratio. Fossil fuels
are devoid of "C and therefore fossil fuel-derived CO, additions
decrease the atmospheric *C/'2C ratio (Suess, 1955).

Ta «amodelkTika ototyeiar» tng IPCC mapgAsupav ta

YEyOoVOTQ OTL:

m  HpeyaAutepo pépog tng Enpag Pploketal oto Bopelo
Huwodaiplo (onwc kot Twv putwv).

= Ta dputda eivan eniong ptwya og C (BA. mapoakdtw).

=  H avanvon twv putwv KatavaAwvel O;z: 6 popLa yio
KABe poplo YAUKOING ou o€elbwveTal.

m  Ta $utd sival emiong ptwyad os C, n peiwon e
TIAPOUCLAG TOU OMolou otnVv atpoodalpa odpelletal
otn SLaKOTA TWV MUPNVLIKWV SOKLUWV.

m O Suess (1955) avéluoe oAU Alya Sévtpa kot dgv
OLPOUCLO0E OPLOTIKA ATOTEAECLATOL.

At present it is not possible to make
conclusive interpretations concerning the
reasons for the differences (in excess of
experimental uncertainties) between in-
dividual samples grown at the same time.
Mnyeg: aplotepd: IPCC (2021, o. 689)- 6€€1d: Suess (1955).
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TL anmoKaAUTTTOUV Ta LoOoTOTIKA Sedopéva avOpaka C;
m  H atpoodatpkn urtoypadr 6™C petwvertal (BA. katw ypadbnua).

m  Q0TO00, TO KAOaPO CHA ELOPONG
otnv atpoodatpa, §C, dev
HUELWVETAL —OE OPLOUEVEQ
neputtwoelg avéavetal (BA. avw
ypadnpa).

m M otaBepn tinn 6C, nepinov
—13%o (1) ALyOTEPO) OE UTIEPETHOLA
XPOVLKNA KALpaKka gival
OVTUTPOCWTIEVUTLKN o€ OAOKAnPN Tt '
yla oAOKAnpn TNV nepiodo twv
HLETPOEWV.

m  HiSla T toxvel kat yla ta
unokatdotata SedopEva LETA TN
Muwpn Emoyn twv Naystwvwy.

m  Autad untootnpilouv TO CUMMEPACHA
OTL Ta alitia Mov oéynoav otnv
avénon tou [CO,] eivat puoika.

m  Aev eivan Stakpity avOpwmnoyevig
urtoypadn («Ppoavopevo Suess»).

‘Etoc 0T0 omoio Afyel N EPiod0Gg TWV Kk ETWV

AlayvwoTtika
1985 1990 1995 2000 2005 2010 2015 2020 2025 anoteAéopata otn
-13.0 .
=k =30 £t 135 Mauna Loa, Xapan:
o -185 | ==k=10¢wc44£m Avénon (kat oxL peiwon)
= . .
2 140 TOU KaBapou LoOTOTIKOU
2 g QTMOTUTIWHATOG ELOPOTG
e
g (S)— -14.5
2% 7.0
g < -15.0 . !
5% bag Emteényoupevn dtaomopa: 99%
o a R
S g -155 ;*E:-:
e -7.5 TERER
=} =y LR E
= -16.0 o £ HE g aun
=z (:Ui_v; E:‘ \
-16.5 2 i
3% 8o ¥
Eg )
-17.0 E g 1
E & ;
: °e "
AnoteAEopata 28 -85 "
. E K ]
npooopoiwongyato \| e 2 ]
2 o o ]
Barrow, AAaoka: 55 {
TeAewa emidoon 9.0
HOVTEAOU Metproeig
AapBavovtag utoyn o5 fpodopiolwon

p6vo T GUOLKN
EMOXLAKOTNTA

1980 1985 1990

1995

2000 2005
'Etog

2010 2015 2020 2025

Mnyn ypadnuatog: Koutsoyiannis (2024a- ypadnuatiki mepiAnln).
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To «dawvopevo Suess» dev £xeL Aoyikn Baon

Ta opuKTa KawoLpa €xouv pkpn urtoypadn 8§C, éwg kat —26%o, kat apa cupBdaAlouv oe peiwon tou 6C,.
Qotooo, putd C3 (r.x., acBain Sevrpa, puloBola evtpa kat {Zavia) £€xouv mOAU xapnAdtepeg Tipeg 6C os
OX€0N HE TA OPUKTA KAUOLUA, €WG— 34%o, KL EMOUEVWS CULBAAAOUV OKOUN TTEPLOCOTEPO O€ peiwan tou 6C,.
XapnAOTEPEC TIUEG art’ O,TL 0T OPUKTA Kavolpa pdavifovtol Kal o€ AAANES Ttr]vsc CO.,.

Otav ta ¢uta C3 (Kou TtoAAol aAAot | i
Atmospheric CO, {: <:I

OpYQVLOUOL) AVOTIVEOUV, EKTIEUTTIOUV
otnv atpoodatpa xapnio 6C, Plants |[IC3 c4
LELWVOVTOC TNV TIEPLEKTIKOTNTO OF Freshwater organic matter & algae

6"C tnc atudéodatpac. Freshwater inorganic matter
H kupLlapyia Twv dlepyactwy tTwv Ocean organic matter & algae
dutwyv glval epdavng otnv EMOXLOKN Ocean inorganic matter

Stakupavon tou 8C (BA. kdtw

, , Marine sediments
yPAPNHQ OTNV TIPONYOUUEVN

Sladdveta) Soil organic matter/Soil CO,
Enopévwc, ivat dromo va Carbonate rocks
OUVOYAYOU LLE TIWG OL EKTTOMUTTEG ATLO Fossilfuels
NV Kaon OpUKTWV Kavoipwv (4% !

I
I
I
I
I
i
I
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I
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I
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I
I
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I
i
1

35 -30 1-25 -20 -15
513C (%o)

Mnyn ypadnuoatog: Koutsoyiannis (2024d) peta ano opadomnoinon mapdUolwy KATnyopLwV oo Toug
Trumbore kat Druffel (1995).

I 4 ’ _5 0 5 10
TOU OUVOAOU) gival AUTEG ou

nPoKaAouv peiwon tn¢ Tung 63C
otnv atpoocdaipa.
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#9 H duvapkn tov atpoodatpikov CO, umopei va aavaktnOeil ano
duokEg dlepyaoieg povo

H epyaoia mou ¢aivetal ota de€ld Baoiletal oe
dedopéva mapatrpnong, EXovtoc anoKAeioeL
TIANPWG OTLOATIOTE TIPOEPXETAL OTIO KALUOLTIKAL
HOVTEAQL.

JUYKEKPLUEVA, Ta SeSopEva TTou
xpnotpornot)nkav sivat petpioetg [CO,], 6C,
A™C, KoL avOpwITOyEVELG EKTTOUTTEG.
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Abstract

Reservoir routing has been a routine procedure in hydrology, hydraulics and water management.
It is typically based on the mass balance (continuity equation) and a conceptual equation relating
storage and outflow. If the latter is linear, then there exists an analytical solution of the resulting
differential equation, which can directly be utilized to find the outflow from known inflow and to
obtain macroscopic characteristics of the process, such as response and residence times, and
their distribution functions. Here we refine the reservoir routing framework and extend it to find
approximate solutions for nonlinear cases. The proposed framework can also be useful for
climatic tasks, such as describing the mass balance of atmospheric carbon dioxide and
determining characteristic residence times, which have been an issue of controversy. Application
of the theoretical framework results in excellent agreement with real-world data. In this manner,
we easily quantify the atmospheric carbon exchanges and obtain reliable and intuitive results,
without the need to resort to complex climate models. The mean residence time of atmospheric
carbon dioxide turns out to be about four years, and the response time is smaller than that, thus
opposing the much longer mainstream estimates.
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H «okomun acddeio»” otnv npooyyion tne IPCC dev npoodEpet
EMLOTNUOVIKA Baon Kal MPENEL va amoppLdOel Katnyopnpotika

m  Otav avadEpetal oe XapAKTNPLOTIKOUG XPOVOUG TNG ELOPONG KOL EKPONG aEPLwV TPoG TNV atpocdatpa, n IPCC
(2021) xpnotpomolel Toug 6pouc diapketa {wng, xpOvog KUKAou {wnc, oAtkn atuoo@alpikn diapketa {wrc, xpovog
arokpLong, xpovoc pocapuoync, nulwn n otadepa arnocuviIdeonc, KAVEVAG K Twv omolwv Sev eivat téoo
oadnG WOoTe va EMITPEPEL TNV TTIOCOTIKOTIOLNGN ] AKOUN Katl T dLakpLon o€ molov yivetal avadopd kabe dopa.

m  Otav yivetat avagopa oto CO, (kal og avtiBeon pe AAAeC ouaieg), n IPCC onUELWVEL PEKOP aLOPLOTILOG:

O H évvota tn¢ puovadikng, xapaktnpLoTLKNG ATUooPaLpLKNC dtapketacg {wng oev epapudletat oto CO; (IPCC,
2013, o). 473).

0 Kauia dtapkeia {wrc bev uropei va Sodei [yra to CO,] (IPCC, 2013, oeA. 737).
O H Stapketa {wrjg [ylo KAAQ avapeUELYUEVA agpla Beppoknmiou] avapépetal os €tn: To ouuBodo #
untodetkvuel moAAanAoucg ypovouc {wric yta to CO, (IPCC, 2021, oeA. 302- BAEne emiong oeA. 1017).
m  HIPCC empével otnv mapacevn 6€a otL n oupunepidpopd tou CO, efaptdtal and tnv NPoEAEVCH TOU Kal OTL TO
CO, OV EKTIEUTETOL ATIO TNV AVOPWTIOYEVH KAUON OPUKTWV KOUGCTUWY EXEL LEYAAUTEPO XPOVO TTAPAOVE ATIO
10 CO, IoUu ekMEUMETAL PUOLKA:
0 [Mpooouolwaoels Ue KAlUaTIKA povTeéAa kUkAou avOBpaka deiyvouv diapkeia {wrc¢ tou avipwrtoysevouc CO,
otnv atuooealpa yla moAAec yiAtetiec (IPCC, 2013, oeA. 435).

*H ékdpaon «okompn acddela» (“intentionally vague”) éxeL mapateBel amd to keipevo tou MIT Climate Portal Writing Team Featuring Guest Expert Ed Boyle, How
Do We Know How Long Carbon Dioxide Remains in the Atmosphere?, 2023, https://climate.mit.edu/ask-mit/how-do-we-know-how-long-carbon-dioxide-remains-
atmosphereEstimates. H mAfpn¢ ¢pdon os eAAnvikr petddpoon eival: «EKTIUNOELG yLa To XpoVIKO Staotnpe rtou to Stoéeibio tou avipaka (CO;) mapauével atnv
aTuoo@ap [...] Elval CUXVA OKOTILUO OXPELS, KAL KUMAIVOVTAL QIO EKXTOVTASEG EWG XIALASEG xpovLa.
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Kouil{—Bpeite ti¢ S1oedpopEC OTIC MPOCAPHOYEC HOVIEAWV: (aplotepad)
oUVEKTIHWVTOC Ko (6e€La) ayvowvtag T avOpwrniveg eknopnécg CO,
m To KUpLo HEPOG O KABE ypadnua cUYKPLVEL TIC TTaPATNPNHEVES (CUVEXELC YPAUMECS) Kall

T(POCOUOLWHUEVEG TLUEG [CO,] (SLOKEKOUUEVEG YPOLULHEG).
m To £€vBeto Seiyvel Tov HEco Xpovo mapapovig tou CO, (W) kat éva mapopolo peyebog yla tnv

gwopon (W)).
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MARPN¢ mapouciacn tng Suvapikng touv CO, otnv atpochalpa
Npodavwg (kat og avtiBeon pe g dnuodlAeic memolbnoeLg), o LECOG Xpovog rapapovig tou CO, (W)
otnv atpoodalpa ivat:

a) ave€aptnTog
amno tnv
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(avBpwrvn R
un)’
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240 ppm/£T0C TWPA (EMEKTAGH TNG ypadnuatikn
Bloodapac: o clyKpLon, oL nieplAnyn). 320
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H enéktaon tn¢ Brocdarpac kat n avénon Twv GUCLKWV EKTTOUITWV
m MNpodavwg (kat mapd tnv avtibetn Béon AnoteAéopata Tou povtédou tou Koutsoyiannis

tou IPCCY), n enéktaon tng Broodarpac (n (2024c) o€ etiola KALpoKa
avénon A(EN) = 26.1 ppm CO,/£to¢, Omou 120 2023, 110.5

I I I F!
EN oL puoLkEG ekTtopTEC) BEV £XEL S
T(POKANO<l anod avOpwniveg ekMOUneEG (2.1 100 1958 845 o
£€wc 5.4 ppm CO,/£t0¢). g Z
’ ’ 1 1 ’ w I ' 3
m To yeyovog otL n kabapn avénon tng ualog g & Eméktaon Boodaipac <
Tou atpoodatpkou CO; (2.2 ppm/etog) 2 To 8&00¢ (ue OAa Ta Sévipa
glval Alyotepo amo To NULoU TwV S 60 ko OA6kANpN T Brécdapa)
avBpwrivwyv ekropnwv (5.4 ppm/£tog) bev 2 = EN:emission, natural (uown exropmn)
, , ; ' ) EH: emission, human (avBpwrivn EKTIOUTIA)
OnpatveL otL ot d)UOLKEC 5LEPV0£0LEC dev S a2 SN: sink, natural (puotkr atoppopnon)
npooBetouv CO, otnv atpoodatpa. S - - = = lo0QVylo (aTpoohaIPIKT aToBIiKeVoN)
<

AvBpwrot: Ot cuvnOeLg UTomToL

m To yeyovog OTlL n EI’] P KAl OL WKEAVOL EXOuvV 20 TTOU TIPETEL VAL KALTNYOPOULE

' ' . 2023,5.4

TeALKO amoteleopa tnv Kabapn 1658, 0.8~ 1958, 2.1 \205,2.2
anoppodnon 6ev mPoabdlopileL TNV attia . \g(?___ _____________________________

™G avodou tng [CO,]. Aev eival tinota aAlo 1950 1960 1970 1980 1990 2000 2010 2020 2030
aro HoBnpOTKA avayKoLotnTa mou To ypddnpa npoékue améd anoteAéopata tou povtéAou RRR (Koutsoyiannis,
UT[ayOpEUE'[aL arto ™m 5La'[r']pr]0'r] ™G ud(aq 2024c), peta amd cuvadpolon oe €T oLa KALLOKAL.

* AUTI oUVAYETOL OO TO AKOAOUBO AMOCTIOOUA: « EKTTOUTTEG QIO PUOLKEG TTNYEG, OMTWCE 0 WKEAVOS Kol n) Bloopatpa tne yng, ouvnBws Yewpeitat ott eivatl
otadepn 1 otL e€eAiooeTal w¢ ATOKPLon o€ aAdayec oTic avIpwitoyeVeic emidpacels rj otnv mpoBAemouevn kKAuatikn aAAayn» (IPCC, 2021, oel. 54).
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#10: H avfnon tn¢ Osppokpaciagtov =~
21° cuwva eivat cuppotn pe aAayég s . I

otnv nAtakn aktwvofBoAia nov M | MR
anoppodatat ano tn 'n

240

238

Absorbed solar radiation, alt sky (W/m?)

m [lpoodateg LEAETEC £XOUV ETILONUAVEL TN HELWON TOU
albedo tn¢ 'ng tov 21° awwva (Koutsoyiannis et al., 2023° 2
Nikolov and Zeller, 2024). Auto onuaivel 0tL n e —— Mortlny = Annual(MA) == Trend, = 0.72Wii fdecade
anoppodnon nAtakng aktivoBoliag £xeL avénOsl. 00

m  OL8opudopikéc petprioels CERES tne aktivoBoAiog BK =
urtodnAwvouv avénon tng anoppodPoUEVNE NALAKAG
aktwvoBoAiag ano tn M, pe pubuo = 0.7 W m—28skaetia™.

m  Elval onpavtiko ot mopatnpeltal nepimou o idlog pubOC
avénong ywa kabapo ovpavo (katw ypadnua).

m  Auto untodnAwvel 0tL n aAlayn oto albedo miBavotata 284 u
oxetiletaL pe tnv erdpavela tne M'nc kat OxL LE TNV 22 U
atué()'d)al.pd an- 0 —— Montlhy e Annual (MA) =Trend,B=O.71W/m2/decade

278
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YMoAoyLlopo¢ tnG avénong amoppodnonc BK o€ oxéon He tTn cUVOALKN EVEPYELA

Ta 6ebopéva tou CERES evéxouv onUAVTIKEC afeBALOTNTEG TTOU £XOUV WG ATOTEAECUA EVOL E0PAAUEVO
«Aavolypo» oto tooluyo avw tTwv 4 W/m? (Koutsoyiannis, 2024e). Apa ot aitOAUTEC TIHEC Ttou Sivovral
glvall akat@AANAEC yla TOV XOPAKTNPLOMO TNG TIPOYLATLKNC EVEPYELAKIC OVIoOpPOTILAG TNC 'NC.
Edw, yla peyodutepn aélomiotia, XpnNOLLOTIOLOULE XPOVLKEC AAAAYEC (TAOELG) avTi yla ArOAUTEG TLUEC.
H kAion TG ypappLKAG Tdong otnv anoppodoupevn aktvoBolia BK sival f ~ 0.7 W m=2 ekaetia™.
H pnéon petafoln (avé€non) tng amoppodoupevng aktvoPBoAiag yia xpovikn nepiodo d= 24.8 €tn eivat:

(1/4d) fod B tdt = Bd/2 =(1/2) (0.7 W m~2 dekaetia?) (2.48 Sekaetieg) = 0.9 W m=2,
To BepULKO TIEPLEXOUEVO TWV WKEAVWY, PE Baon ta dedopéva Apyw yla Babn 0-2000 m yia tnv nepiodo
2005-2025, avéavetat pe pubuo = 1 x 1022J €toc? (ta Ssdopéva avaktOnkav art’ to climexp.knmi.nl).
AapBavovtag untodn otLn entpavela tng M sivoe 5.101 x 104 m2, auto petadpalstal os:

(1 x10%%) étoc?) /(5.101 x 10** m?) / (365.25 x 86 400 s €to¢t) = 0.62 W m~2,

YuvurnoAoyilovtag tn cupPoAn Tng BEpuavong tng ENpag, Tou Alwoipatog Twv maywv KTA., o 9% (IPCC,
2021, Evotnta 7.2.2° Koutsoyiannis, 2021, Appendix D), kal tn¢ B€ppavong Twv wkeavwy o Badn >2000

m oto 8% (IPCC, 2021, Table 2.7), n evepyeLakn avicopporia tng 'ng ta teAeutaia xpovia ival
0.62/0.83 = 0.75 W m~2,

Q¢ ek ToUTOU, oL aAAayEg otnv aktvoBoAia BK unepBaivouv tnv npoodatn evepyeLaKn avicopporia
Kota mepinou 17%.
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TR

268 mB

1

ZNMUELWOELC yia aAAayEc otnv aktvofolia BK

m  AeSOUEVOU TOU TTPONYOUEVOU ATTOTEAEGUATOC YLOL TNV
aktwvofolia BK, n povtelomoinon tng aktivoBoAiog MK €xel
MHIKPA onpaoia.

m  Qoto00, elval evbladpEpov va onUelwBel 0TL, cUpdPWVA PE TA
dopudopika dedopéva CERES, n tdon otnv eéepxopevn
aktwvoBoAia MK yia kaBapd oupavo petwveton eAadpwe (BA.
enionc Koutsoyiannis, 2024e, Fig. 20).

m  AUTO eival €kmAnén: n av§non tng Oeppokpaociag Oa
OVOLLEVOTOV VA POKAAECEL alEnon otnv eEepXOUEVN e
oktwvoPolia MK.

m [lponyoupeveg peléteg (Koutsoyiannis and Vournas, 2024°
Nikolov and Zeller, 2024) eneonpuavav ¢Bivovoa tdon oto
KAQOMO TNG EMLPAVELOG TWV VEDWV WC TLOBAVI aLTial TNES MElwONC
NG AVOKAQOTIKOTNTOG.

m  Qotooo, nio npoodata dedopéva deiyvouv aviiotpodn TG
TaonG ota oUvveda, xwpic aAlayeg otn cupmnepldopd AAAwWV

264

TOA outgoing LW radiation, clear sky (W/m?)

(2]
~

[o2]
[
—

(2]
3]

Daytime cloud area percentage (%)

HETAPANTWV. ot
; , , . R Mpwtotuma ypadnuata.
m  EnutA€ov, n avadepopevn cuunepldopa yia Kabapo ovupavo Montly el (M) L Trend. - Lo 0o o
&&v untootnpilel pnxaviopo nov Baoiletal ota cuvveda. % 00 »o0s »oto ot 20
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Zn MELWOELC Yla aAAayEc otnv aktivoBoAia BK (2)

Jupdwva pe ta dopudopika dedopéva CERES, n mapatnpolpevn pon nALaKAG NALOKN G akTtivoBoAlag
(eLogepxopevn) Sev €xel aAAAgel katd T dtapkeLa Tou 21° awwva.

m Qotooo, 1o albedo tng 'ng ya kaBapd oupavo 0.175
LLELWVETOL TAYKOGHiWG HE puBuo 1% ava L, | Clobat slope=-1%/ decade

Sexaetio (BA. ypddnuia). B N g

m  Av ealpéooupe T Puxpeg Lwveg, To albedo 0.165 | Ny, Torrid+Temperate: slope = -1%/ decade
LELWVETOAL KOl TIAAL LE TTOLPOHOLO pUBUO. Apa N i
pHelwon &gv pnopel va anodoBei otn Suvapkn
TWV TTOALKWV TIAYWV.

m  To albedo pelwvetal emiong toug KAAOKALPLVOUC
unveg (11A/JJA oto Bopelo Hulodaiptlo), apa n
pHelwon &gv oxetiletal HE TN SUVOLKA TOU 0.145
XlovLou.

0.14

m To Ttpaoiva.a ™ngG rnq (Kaeapr,] ao&ncn ™mg¢ NH, Torrid+Temperate,JJA: slope = -0.6% / decade
dUANIKAG eTiidpavelag 2.3% ava dekaetiar Chen et o.3s

al., 2019) umnopel va ivat pla evAoyn attia,

l l 1 7 7 0.13
Kaqu 10 aIbe'do Twv dacwv elvat pkpOTtepo amo 000 2008 2010 so15 2020 2025
gkelvo Tou €dAadouc Kal TG EPrHOU. MPWTOTUTO yp&dN .

0.16

0.155

0.15 SH+NH, Torrid+Temperate: slope =-0.8% / decade

Albedo, clear sky
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E¢€taon tne awtiotntoc petaéy T kat aktivoBoAiac BK

To cvotnua (ABK,T) eivat duvntikd attiako tumou  To cvotnua (7, ABK) givat Suvntikd attiako tumou
KOA (audidpopo), pe kupla katevBuvon ABK - T KOA (audidbpopo), pue kUpla katevBuvon ABK > T

Kall emeényouevn dtaomopad 28%. (€ava) kat eme€nyoupevn Slaomopd 23%.
0.03 —_— 016 —
—0— |RF —— |RF
0025 | —~~-Mean=2.7 0-14 ----Mean=-1
——————— Median = 4.3 -=-----Median=-45 ¢
, 0.12
0.02 -
[ 0.1
]
& 0.015 = & 0.08
) I
(I 0.06 1
0.01 = |
i ] 0.04 i
0.005 ! EE lained 0.02 -
1Explaine : Explained !
0 ABK 9 T i ivariance = 0.28 0 . variance = d)_23i
-20 -10 0 10 2 -20 -10 0 10 20 ’
Time lag (months) Time lag (months) Mpwtotuma ypadnuara.

Tuunépaopa: Alamiotwvetal Suvntikn atotnto tomov KHA (apdidpoun), pe kUpla kateBuvon
ABK = T kot xpoviki uotépnon 3-4 unvwv.
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TeAKEC mopatnpnoeLg: TL SELYVOUV T TTPAYHATLKA OTOLXELQ

m H Bswpnon tou avBpwmoyevol¢ CO, wg pUOULOTH TOU KAIHATOG ELVaL EUMELPLKA OB ACLUN OV
AdPoupe cwota unoyn:
(1) TS PUOLKEC ekTOUTIEG CO, (~25 dopéEg peyaAutepeg)
(2) TV enidpaon tou H,0 (udpatuol + cuvveda, ~20 popéc peyoAutepn)
(3) TNV TEPAOTLA TOAUTTAOKOTNTA TOU KALUOTIKOU CUCTAMATOC, cUMTEPIAQUPavVOUEVOU TOU
poAou tn¢ Bloodalpac.
m Ta KALLATLKA povTtEAa Sladwvouv e TNV TapaATAPNON EVW aVTLOTPEPOUV ALTIOL KoL ATTOTEAEGLAL.
m Y& MOAUTAOKA cuoTnpota, ta Sedopgva eival kupiapyxo —kot ta Sedopéva €xouv StaPpevoeL TV
Kuplapxn Oswpia yia To KAlpa.
m ToO TIPOTUTIO E ETILKEVTPO TIG AVOPWTTOYEVELC EKTIOUTEG ATAV £VO TTOALTIKO OX€SL0 ou
EMLOTPATEVOE TNV EMLOTALLN YLOL VA TOU TPOCSSdWOEL KUPOG.

m  H «kAipatiki emotun» 6ev eival emMopevwe amAwg pa StepBapuévn emtotnun—eival €va el8LIKa
KOTOLOKEUQOLEVO Opyavo TIoU pOPAEL TNV EPYOLOTNPLAKN OTOAN TNG EMLOTAMUNG EVW EYKATOAELTEL
™ HEB0SO TNG.

m  AOUAELA TWV EMLOTNMOVWYV £ival va Katappinmtouv Ti¢ eopaApnEve] Oewpleg KaL VoL AMOUOKPUVOUV
TNV EMLOTAKN Art’ TNV TOALTLKA—O)XL va tapouoLta{oviol we owTAPES Tov TAAvATH.
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