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Elcaywyn: Nati eLooywytka otnv «KALLOTIKY EMLOTANY;

m  Fvac¢ KHAOC Kavovacg ou TPETTEL VAL EXOULE KATA VOU Eival OTL oTLONTTOTE
autoartokaAeital «emtotiun» paidov dev eivad.
[A good rule of thumb to keep in mind is that anything that calls itself
‘science’ probably isn’t — J.R. Searle, 1984].

m  TO YyEYOVOC KOl LOVO OTL N £V AOYW «ETILOTAMN» QUTOTIPOLAAANETOL WG
«Toylwpevn» (“settled”) amodelkviel otL Hev TPOKELTAL YLOL ETILOTAMN.

m 2710 (0l0 cUUTEPAOA CUVTELVEL KalL N emikAnon otL N mAswoPndia 97% twv
ETILOTNUOVWVY ATIOSEXETOL TNV KTTAYLWUEVN KALULOTLKN ETILOTAN Y

m Evac akplBEotepog 6poc Ba Atav «KALLATLK codloTeiar.
m H emotiun avalntel tnv aAnBela, evw n codloteia umtnpetel cupdEpovra.

m Ta oupdEpovia yla TNV mpowbnaon tNG «KALUATIKAG EMLOTAUNG» Elval
TMPWTLOTWE TTOALTLKAL.
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H ditakplon emotNG Kot coPLoTELOC Elval 000
TLAALQ 000 N EMLOTAUN KOLOEQUTAV

m 2nuepa n Slakplon eival e€atpetika enikowpn, Sedopevng tng
EKTOLONG TWV XPNHATOSOTOUHEVWY KATA TTOpayYEA O EPEUVWIV.

m O AplototéAng SLekplve tnv ermtotiun, dSnAhadn tnv €1¢ faboc yvwon mou
ETILOLWKOUHE YLOL TNV LKAVOTIolnon mou tpokaAel n tdwa, amnod tn copioteia,
SnAadn TNV Katdxpnon TS AOYLKNG KAVOVTOC EUMOPLO PALVOUEVIKAG (1N
npaypatikng) yvwong (mpPA. Taylor, 1919° Horrigan, 2007 Papastephanou,
2015):

E0TL yap N 0oPLOTIKN Qawvouévn copia ovoa & o, kai 0 coELOTAC
XPNUATLOTNC ATTO PALVOUEVNC gopioc dAA’ oUk oUonc.
Tormukot ko Zodlotikot EAeyyot, 165a21

m O JwkpAtng, OTwc tov HeETadEPEL 0 =evodwV, TIPOXWPEL AKOUN Eva BrApa:

Kal TV ooplav woaUTwc ToU¢ UEV apyupiou T@ Boudouévw nwAolvtac
OOPLOTOC WOTIEP TTOPVOUC ArtokaAolaotv.

Anopvnuovevpata, 1.6.13 S WKPOENG
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H moAwtik adetnpia TG KALRATIEVTOC




Ta npoocwrna mov enERaAav tnv KApatlEva

Owoyéevela Pokdédep Xévpu Kiowykep KAdoug ZBapurn

John D. John D. Nelson
Rockefeller Rockefeller Jr. Rockefeller

Elval yvwotol w¢ oL autokpdtopeg tou  Xtnv EAAGda eival Kuplwg yvwotog

‘Htav pabntrg tou Kiowykep. Elval kKuplwg

netpelaiou. ytaty KOLTOLOtpOd)Ir'] G KUTPOU,  \yyotdc we T. emikedalrc Tou WEF — Davos.
Elvat eAdxiota yvwoto ot Hadi e tov padntn tou (oto To WEE & { GYOAR : ' ,
£MESEPYAOTNKAV TIOMTIKEC TIAYKOGULOU XapPapvt) MmouAévt Etiefirt. a?[ od)om’]ngpgert g)ﬁimnﬁﬂnv:;;z;, tOrl]Té ;Jpo(f,’n?fl
gAéyxou mou mepAappavouv tnv Elval eAdxlota yvwoto OTL, wg un e€atpoupévou Tou ENANVa npweunoupvoé.
KAlpaTlévta. Zripepa ol eniyovol Sev avBpwrmocg twv PokdEAep,

aoXoAoUVTaL P TO TIETPEAALO AAAG e ELOTYaYE TNV KAUATIKE aAlayh ZuVToviteL Bepata maykoopLag nyepoviag oup-
To KAlpa kot GAAeC « pLhavOpwTtieg». otn &Lebvn TOALTIKY oKnvN. nepAapBavopevng TNG «KAUOTIKAG Kpiongy.

Mnyéc: Koutsoyiannis (2020, 2021).
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lotoplKN TEKUNPLwoN

Tnv «kKAlpat{évia» tn
Aavodpiloe o Henry
Kissinger to 1974
(ATav mavioxupog
Yroupyog E€wteplkwv
Kot EBvikNg
Aodalelac twv HMA).
O MaykOouLoG
MeTeWpPOAOYLKOG
Opyaviopog (WMO)
avtanokpiBnke apeoa
— HEoQ O€ €va HRva
aro TNV oulAia
Kissinger otn levikn
YuvéAleuon tou OHE.

Mnyég: Koutsoyiannis (2020, 2021)

NEWS

/ ¥+ BUREAU OF PUBLIC AFFAIRS

//// )
i = A T o
J k4  § ANANSNE T h (U~ Department of/State
VAU ILIAU LN U Office of Media Services—
Kissinger (1974)
U.N. Speech Text: April15, 1974 —— The poorest nations, already beset by man-made disasters,

CHALLENGES OF INTERDEPENDENCE

REVIEWED BY SECRETARY KISSINGER FOR IMMEDLI

General bly
New York, N.Y., April 15, 1974.

Mr. President, Mr. Secretary General, distinguished delegat

Distr.: RESTRICTED

WORLD METEOROLOGICAL ORGANIZATION EC-XXVI/Doc. 70
(23.v.1974)

EXECUTIVE COMMITTEE =
ITEM 5.6 (3)
TWENTY-SIXTH SESSION, GENEVA, 1974

Original: ENGLISH

ENVIRONMENTAL POLLUTION AND OTHER ENVIRONMENTAL QUESTIONS

Isplications of possible climotic changes

(Presented by the Secretary-Generol)

Summory

This document conveys to tha Executive
Committee o request from the Government
of the United States of Americo to con-
sider the probles of the implications
of possible climotic changes on the
well-being of mon. The present WHO
octivities in this field ore reviewed

Avanapaywyn

and Lewin
(2017)

have been threatened by a natural one: the possibility of
climatic changes in the monscon belt and perhaps throughout
the world. The implications for global food and population
policies are ominous. The United States proposes that the
International Council of Scientific Unions and the World
Meteorological Organization: urgently investigate this
problem and offer guidelines for immediate international
action.

WMO (1974)

Implications of possible climatic changes

5.6.25 The Executive Committee discussed o request from the
Government of the United States of America to consider certain prob-
lems of climatic change in relation to the current and planned activi-
ties of WM0. This request had stemmed from a statement made by the
Secretary-of-State at the sixth special session of the United Nations
General Assembly in which he had called attention to the possibility
of climatic changes which could hove serious implications for global
food ond population policies., In this connexion, the Committee also
noted the decision of the second session of the Governing Council of
UNEP that the Executive Director should continue his activities re-
lating to "outer limits", particularly climatic change.

A. Koutooytavvng, OL avTigpaoEeL§ TNG MOYLWUEVNG «KALUATIKNG ETTLOTAUNGY 6



Néa maykoopLla avtokpatopia:
OMOAOYNHEVOC GTOXOC

Yoval To noAvéia-
}l;loah' Yuval Noah Harari NHULOHEVO
S BBAio Sapiens
POPBAAAEL WG
0xo tn «Nea
d)p) S Naykooua
g a p ]- e n S utoKpatopio.
@ Ma sapeuki |u10'pic| oL MONTIOHOY (ZT r] Vv avalK n
. Mua Zvvtoun ou £kSoon
Q AT TV KATAYOYT) TOV E180Y PEXPL Tovg uIEpavBpdog, KU KAO d)O p 8 l. uE
A It
(a Ioto plaL TOV gnaivoug Twv
m yepder anpooBornta Seboudva, aipetikig axdyeig, B a ra c k O b a m a 0

Bill Gates, Mark

Mua Ztvropn

AvBpwrov

Totopia o uckeberg k.a.)
AvBpamou Beawpieg xat ovy ssag

B 0 ENMXElpNUA
. e ou eivain

Harari (2014) — otéAexog tou WEF

@nayxéowa autoKpatopia

Axmé 10 200 x.X. mupizov, ol zeprocdtepm avlpwrot £xovv THGEL GE aQUTOKPATO-
picc. Mowdler moki mBavd 6t xat oto pérhov or repraodTeEpor dvbpwrol Ba Loy
oe o avrokpatopia. Mave zov autf) m oopa Ba eivar mpeypotid rayxocua.
To cvtoxparopxd dpaia MG Kupapyias ot 0koxAnPo Tov Kiopo propei va fipi-
OXETO TOLD KOVTA.

Kafdg Eervkiyerar 0 210g audvag, 0 efvixiopds xave taxbrata £5apos. Dlo
Kot NEPLacoTEpor vBpwan moteiouy Gt 1) vy myym ebovoiag sivar olokkn-
pn 7 avBpondmra, avti yie o pEkn pag ovykekpiuéing chvidmtag, xa 6T n
mu&ida tng mohrtikig Kpéne va eivan 1) xpootacia v evipoxiveov Sikaiopdatov

AYTOKPATOPIKA OPAMATA

»

Kt TV suppEpdvey GAov Tov avipdrivov eidovs, Ay sivan £xot, 1) Dnapdn oye-
36v 200 avekapmrwv kpatdv pdddov eprodiler mapa PonBac. Eav or Zourndoi,
ot Ivéowiatot ko ot Nyympravol Sucanotvrar dhot ta [Bia avBpdmiva Stkadpata,
Sev Oa firay @ihoboTEpo Vo Ta REPIPPOVPET e eviade maykdoue kufépynom;

H eppivion ovowotxi acykdopioy apofinpdtoy, drwg 10 AMOOIHO TOV
maycrdvav, dwfpdver my orowr voupdtie dwbitovy akdpa ta kparn-Edv.
Kavéva xupiapyo kpétog dev Ba siven oe BEon va Senepdoct amd povo 1ov 10 pat-
vopuEvo g avodou g naykdopas Seppoxpaciag. H xaveluc Eveois 1ov Ovpa-
voi dvitay and tov Ovpavd 1 va Aulodv e spofipara mg avlpondmrac
H oiyypovn Eveoki tov Ovpavon Ba doflei axd v avipordmra nia va oy
1 xpoflipara Ton ovpevol, (ree 1) TpHEa ToD GLOVIOG KaL TO GUIVOUEVD TOV

Depuoxntion. To ypdua e ReyKOCUILS GUTOKPATOPiag jutopet va elvat paovo.

A. Koutooytavvng, OL avTipaoEL§ TNG TOYLWUEVNG «KALULATIKNG ETTILOTAUNGY



Ynapxst K)\tpaul(n KplGI’],

YNOYPIEIO KAIMATIKHE KPIZHE

...........

The European Parliament declares

climate emergency
es EnaRy sesson] [Euvi] 28-11-2019- 13:01

+ G ion must ensure all

are aligned with 1.5 °C target
+ EU should cut emissions by 55% by 2030 to become climate neutral by 2050

« Calls to reduce global emissions from shipping and aviation

Y United
“,,J Nations

Meetings Coverage

PRESS RELEASE
SECRETARY-GENERAL > STATEMENTS AND MESSAGES

SG/SM/21228
4 APRIL 2022

Secretary-General Warns of Climate
Emergency, Calling Intergovernmental
it o e - S Panel's Report ‘a File of Shame’, While
Saying Leaders ‘Are Lying’, Fuelling

EU should commit to net-zero greenhouse gas emissions by 2050 at the UN
Conference, says Parliament. Flames

https://www.civilprotection.gr/el
https://press.un.org/en/2022/sgsm?21228.doc.htm

https://www.europarl.europa.eu/news/
en/press-room/201911211PR67110/

Epwtnua 1: Me dedopsva: (a) tTnv
anodaon tou EupwkolvoPfouliov
(11/2019), (B) Tn Snuoupyla
Yrioupyelou KAlpoatiking Kpiong
otnv EAAada (9/2021) ko (y) Tnv
avakoivwaon touv OHE (4/2022),
UTTAPXEL KALLOTIKA Kplon 1 oxL;
Epwtnpa 2: Av val, UTTAPXEL WG
bUOLKA TIPAYUATIKOTNTA 1 WG
TLOALTLKO YEYOVOC;

Epwtnpa 3: Mowa ivat
TEPLOOOTEPO eMidofn; M
duoikni KAlpatiki kpion; H pa
TIOALTIKN «KALLOTLKA Kplon»;

A. Koutooytavvng, OL avTiQpaoEeL§ TNG MTOYLWUEVNG «KALUATIKIG ETTLOTAUNGY


https://www.europarl.europa.eu/news/en/press-room/20191121IPR67110/
https://www.europarl.europa.eu/news/en/press-room/20191121IPR67110/
https://www.civilprotection.gr/el
https://press.un.org/en/2022/sgsm21228.doc.htm

Anavinon ~2000 EmLGTNUOVWV

4 HOME | WORLD CLIMATE DECLARATION v | &3 COUNTRIES v £’ WANTTO SIGN? & DONATE v N NEWS v i INFO v

0 8¢
wdaTor kofde kal Ta exaipEva oQEAn TV HETPWY TOATIKIC Row Aaufdvouy.

év Ty atinon mg
To yewhoyu napeABiy axoxahinzer nt o Khipa trg Mg £xet umoael petafiakéc oe 6An T Siipxein mow uRdpyEL 0
mhaviiTG, e Grous Wuypés i Beppég mepéove. H Mospri Enox Tow Tayerdvay EAnge péhi to 1850.
Enopsvisc, Sev anorshel £rmhntn o yeyondc 11 rhpa Bitivoups wia Bepyt xepiodo.

H Béppavom eivar oAb mo apyd ax’ o xpoficadray

O mhanviyic éxer BeppavBel pe pujs Aoyor 6 70 o avTol £
Emrpor yia Tv AXAaws Tou Khigarog (IPCC) pe Bdam Ta novréha Twy avBpumovsvin ETITTGTEGY Kat Sapopdy

aTo woliiyio TG énem TG aAAayiis Tov KiipaTas.

iag. Autd pag Seiyvel b7 amé 6 b T
H nodeeoc yia To khipa fasilerar e aveny il povedha

Ta povréha Tov Khiparog éxouy Tokkés Buvayies ka: bev elvar chBoavi) we spyuhsia yipafnc Kaykiajag
‘mohTuC. Aoykivowy TIv ERiSpacT Twy aspiay Tou Beppoknmion 6ne: To CO;. Eméov, ayvooiy To yeyaves 6Tt
eprhovTiapss TG arpbadaipac pe CO; eivar exwpeliic,

To CO; £ivar tpogy] yia Ta gued, ) Baom 6ing mg Juis Rdve oy In

Total Signatories:

e yia ) Zusf) oy T, H rastootiviean eivar evhoyia. Tepuadrepo €0

0 T Tig: co; avémrugn

6 s Buopddag oz 6An T In. Exian siva snadshés yia 1 yewpyia, avfdvovras i axobosg tar
xahiepyeiy TaryRoapia,

1983

‘H O¢puavan rou mAvim ev yet avbiios Tic Guamds KaTaTROdE;

bvat Towg TeivES, TIC TANpipEG, TIq Snpagisg
0 Guzvéc. Qotian, undeyouy oAk oTotEle

Elpat évag amo toug 1983 mou £xouv umoypdel tn Stakfipuén

https://clintel.org/world-climate-declaration/ — https://clintel.org/greece-wcd/

Q¢ puokn
TpaypaTLkoTNTA,
dev umapyel
KALLOQTLKA Kplon.

MpoowrikA yvwun

Q¢ TOALTLKO
YEYOVOG UTIAPXEL.

Q¢ TETOLO £XEL
(Yew)moALtikn
OoTOXEUON KoL €lval
ToOAU emtidofo.

Ynueiwon:
KAlpatikny aAAoyn
TIAVTA UTTAPXE KOl
niavta Ba uTtapyeL.

A. Koutooytavvng, OL avTiQpaoEeL§ TNG MTOYLWUEVNG «KALUATIKIG ETTLOTAUNGY 9
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KAlpotikn kpion Kot « HeyaAn avatoén»

To amokaAurntiko BLBAlo pe mpwtov cuyypadéa tov Klaus Schwab, t. emikedpaing tov World Economic Forum,
Kuplapxeitat anod avadopEg otnV KALLATIK aAAayn Kal emayyEAAETAL CwTnPia TOU KOGUOU PECA aTTO TN K UEYAAN
avataén» (great reset), mou nmepAappavet:

OLKOVOLKN avdtaén (economic reset), OL TTOALTLKEG TTOU TIPOTELVOVTOL

Kowwvikn avataén (societal reset), OTnpiZOVTOLL o€ uaKpoxpéVqu

YEwTOALTIKNA avataén (geopolitical reset), VIR [N AN
neptBarlovtikn avataén (environmental reset), poy S M H :

Bounxavikn avataén (industry and business reset),
aKoun Ko atoptkn avataén (individual reset).

AplOudg epdavicswv Twv napakatw ekppacswv oto BAio

COVID-19: i I METAAR

ETTANEKKINHEH

KAtpatikn aAAayn (climate change) 37 THE GREAT

MNaykooula B€puavon (global warming) 4 43 RESET
2

KAwpatikn kpion (climate crisis)

MNavénuia COVID-19 (COVID-19 pandemic) 14 KLAUS SCHWAB

, , KLAUS SCHWAB
MeydAn avdraln (great reset) 13 TERES il eae THIERRY MALLERET

MNaykooula taén (global order) 7 ";"#luu;mcl gr

Mnyég: Koutsoyiannis (2021), Koutsoyiannis and Sargentis (2021)
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H kAlpatikn kpion otnpiletal o€ mpoBAEYPELC yia TO HEAAOV,
aAAa «n mpoPBAsdn sivan Eva mayvidt pavrePag yio BAAKES

m  AuBevtiki ¢ppaon: “Predicting is a guessing game for fools” (Schwab and
Malleret, 2020, The Great Reset).

m  Eilval evdladEpov O0TL To movnua auto tou MNaykooutou Owkovouikot Gopoupt
(World Economic Forum — WEF — Davos), evw mapadEXetol tTn HLaTALOTNTA TNG
npoPAePnc, BaoiletaL otnv npoPAseyn.

= Avapelyvuovtag tnv KAtpotikn aAAayn kot to Covid-19, untootnpilel tnv
avayKn yLo pa « Leyan avatoén» (BA. emionc Koutsoyiannis, 2021).

m  ABlaota MPOKUTITEL TO CUUMEPOCLA MTWCE BEWPEL TOUC OVAYVWOTEC TOU
BAAkec.

m Htpopokpatnon tou mAnBucopol e KataotpoPoAoYLKEG TIPOPAEYELC
gVIOYVEL eV TN PAakeia, aAAd dev AUvel Ta tpoARpaTa 0TNV OUGia TOU.

A. Koutooytdvvng, Ot avTLpdoeLS TNG MOYLWUEVNG «KALUXTLKIG ETTLOTHUNGY 11



Av onuepa Blwvouue KALpOTIKN Kpion, Tt Biwve o
KOOMOGC £VOLV QLWVOL TIPLV;

3000

2500

B =npaoia

H MANUULUpa

2000 -

Akpaioc Kalpog

M JEl0UO¢

1500 -

B AM\o

1000 -

500 A

AplBuo¢ Bavatwy ava ekatoppupLlo mAnBuacpol

Askaetia

m [MANpULpEC, Enpaociec Kat AAAEC

dUOIKEC KaTaoTpodEC TAvTa
UTIAPXAV Kal Ba UTIAPYOULV.

H erotrpn Kot n texvoAoyia
QTIOLELWVOUV TOUC KIvOUVOUC Kalt
BeAtlwvouv tnv achAAeLa KalL TNV
gunuepla.

2tn SLapKeLa TNG TeEAeuTaiog
gkatovtastiag umnpée Beapatikn
BeAtiwon.

AUTO Kuplwc adopd TIC Enpaocieg
KoL ANV PEG.

OL oslopol mapapEvouv
ONMUOVTLKO TIPOBANUAL.

Mnyn: Koutsoyiannis (2024g, oe eAAnVLKN petadpaon)

A. Koutooytdvvng, Ot avTLpdoeLS TNG MOYLWUEVNG «KALUXTLKIG ETTLOTHUNGY 12



MNati o teAevutaiocg Kivouvoc otn Alota £xeL avuPpwOei ocav
TO MEYLOTO OEpa MOYKOGLOG TTOALTLIKAG;

OEUOTO UYELOG I

O8IKa atuynuaTo I ) 35 93195
Autoktovie¢ mmmmmm 1.46
Alwatpodika mpofAnpoto W 1.04
AvBpwroktovie¢ mmm 0.75
Mviyuol W Q.59
AAKOOA & vapkwTikd W (.58
Quwtiec m 0.23
MoAgpoL koL Tpopokpatia B 0.21
Kpvo (+kavowveg) 1 0.12

Quoikeg kataotpodeg 1 0.08

0 1 2 3 4 5 6 7 8 9 10 10 20 30 40 50 60 70 80 90 100

Mooooto Bavatwv ava attia (%)
Mnyn: Koutsoyiannis (2024g, oe eAAnVLKN petadpaon) — Aekaetia avadpopag 2010

A. Koutooytdvvng, Ot avTLpdoeLS TNG MOYLWUEVNG «KALUXTLKIG ETTLOTHUNGY 13



To Kupiapyxo adnynua yia to KAipa:
Mua eapaApevn atiakn alvoida

EMUMtwoeLg Tou
KAl{potog (dnA.
ToU avBpwnivou

AvOpWTILVEG Al0¢non Oépuavon

EKTIOUTTES [CO.] othv s TOU MAavATN
CO, atpoocdapa (av€npévn 7) CO,) oo mévTe*
*ar’ tnv udpoloyla péxpL
TLC METPEC OTO VEDPO

m  OLaltlakég oxéoelg “a”, “b”, “c” amoteAoUv Tov MUPAVA TNEG «KALULATIKNAC EMLOTAUNGY.

m  Koata tnv anoPn pou nmpokewtat yia adeAn Kat armAoikni EMLOTAMN, EMUTESOU
vnroywyeiov.

m  [lpowBeital amod tnv IPCC kot armod MOALTIKA KOl OLKOVOULKA U EPOVTAL.

m  Yrootnpiletal emiong ano 1o Kuplapxo PEVUO OKETTTLKLOTWV.

A. Koutooytdvvng, Ot avTLpdoeLS TNG MOYLWUEVNG «KALUXTLKIG ETTLOTHUNGY 14



AlepeLVNON TNG UTTOTLIOEUEVNC QLTLOLKAC OXEONG
“a”: Odeiletal n avénon tov atpnoodaLpLlkou
CO, oTIC AVOPWTILVEC EKTTOUTEC;

m HIPCC kat ot InAwTteC Tou KAlpatoc amaviouv: No
m To Kuplapyo pelpa OKETMTIKIOTWY armavta: Not
m Eyw amaviw: Oxt



Katavonon kat povteAomnoinon tn¢ duvapikng tov CO,

Ol HeA€TEG HoU
Baoilovtal og
debopéva,
artokAeiovtag
otdnmorte
TIPOEPXETOAL ATIO
KALLOTLKAL
HOVTEAQL.

Ta 6edopéva
elval petpnosig
[CO,], 6%C, A™C
Kall
avOpwrmoyevwy
EKTIOUTIWV.

Ta povtéla mou
aveéntuéa eival
arnAa, dStadavn
Ko avarapaiua
o€ €va
UTTOAOYLOTLKO
dUANo.

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

by Demetris Koutsoyiannis &

Department of Water Resources and Environmental Engineering, School of Civil Engineering,
National Technical University of Athens, Heroon Polytechneiou 5, 157 72 Zographou, Greece

Sci 2024, 6(1), 17; https://doi.org/10.3390/s¢i6010017
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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 ([COs]) as the effect. In the most recent study, this finding was
supported by analysing the carbon cycle and showing that the natural [CO5] 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 513C 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 CQO», 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.

Refined Reservoir Routing (RRR) and Its Application to
Atmospheric Carbon Dioxide Balance

by Demetris Koutsoyiannis &
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Water 2024, 16(17), 2402; https:/idoi.org/10.3390/w16172402

Submission received: 13 May 2024 / Revised: 3 August 2024 / Accepted: 23 August 2024 /
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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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TL AMOKAAUTTTOUV TO LoOTOTUKA Sedopéva avOpoaxka 3C;

O 8eiktng tou Lwotodmou avOpaka 13, §™C, otnv atpoodatpa petwvetot (BA. Katw ypadpnua).

Qot600, To KABapo anotTuMwWA
gL068ou otnv atpoodatpa, §=C,
OV LELWVETAL —OE OPLOHEVEC
TEPUTTWOELG auéavetal (BA. avw
ypadnua).

Eva otabepo 6C,, mepinou —13%eo
(R Alyotepo) o€ uTtEpETROLL
KAlpaka lvol avTtUipoOoWTITEUTIKO
o€ 0AOKANPN TNV USPOYELO yLa OAN
NV eplodo TwV HUETPHOEWV.

H (8o TIpn LoV EL KoL yLla UTTOKOTA-
otata dedopgva art’ tn Mkpn
Ermoxn) Twv Naystwvwyv (1500 p.X.).

Autd 06nyoUv 0TO CUUTEPACHA OTL
n av¢non tov [CO,] mpokARONnKe
ano ¢uoka aitia.

Asv gival SLakpLto KAmoLo
ovVOPWITOYEVEG ATTOTUTIWLAL
(emibpaon Suess, 1955).

‘Etog 0T0 omoio Ayl n MEPIOdOG TWV k ETWV AlayVWOTIKA
1985 1990 1995 2000 2005 2010 2015 2020 2025 anoteAéopara otn
-13.0 g
——k=3041 135 Mauna Loa, Xapan:
g -135 ~=—=k=10¢wc44ém : Au&non (kaw oxt peiwon)
= ’ "’
g o TOU KABAPOU LOOTOTIKOU
g g AMOTUTIWHATOC ELGPONAG
S 5 -14.5
Ee Ny
A -7.0
g < -15.0 i ]
3 i Emte€nyovpevn dlaomopd: 99%
2 g -155 I
= -7.5 R
=] NS T ; a
€ -16.0 g & ]
-16.5 3% 80
Eg
-17.0 E g
[=
S ¥
AmoteAeopata 2§ -85
’ E B
mpocopoiwongywato \| s &
I3 o o
Barrow, AAaoka: 55
TeAewa emidoon 90
HOVTEAOU Metpnoeiq
0 0 MNpocopoiwaon
AapBavovtag umtoyn 95
povo T GUCLKA 1980 1985 1990 1995 2000 2005 2010 2015 2020 2025
EMoXLaKOTNTA Etog

Mnyn: Koutsoyiannis (2024a° Mpadnuatiki nepiAnn og eAAnVikr petadpaon).
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Mati n «enidpoaon Suess» v £XeL Aoykn Baon

m  To 0puUKTA KAUOLUO EXOUV UIKPO amoTuTiwpa 6C, €wg —26%., dpa kat xaunAo 62C, etoodou.

m  Qotooo, ta puta C3 (m.x. aslbain devipa, purloBola SEvipa Kal aypLoxopta) EXoUV TTOAU ULKPOTEPEG
TIHEG 8§™C am’ ta 0puKTA KaUoLUa, WG —34%o, KAl EMOUEVWG N €L0poN Toug §'3C, elvat akopun XaunAotepn.

m  XaunAOTEPEG TIUEG art’ O,TL oTa i
OPUKTA Koo, epdaviovral Atmospheric CO,
Kol og AAAeg tnyEg CO,. -

m  Otav ta puta C3 (kat moAAol
aAAoL opyaviopoi) avanvéouyv,
EKTIEUTIOUV OTNV aTUOodhaLpa

Plants
Freshwater organic matter & algae
Freshwater inorganic matter

XOUNAO 613C,, LELWVOVTOC TV Ocean organic matter & algae
TIEPLEKTIKOTNTA TNG Ocean inorganic matter
atpoodalpag oe 6™C. Marine sediments
m Emouévwg, elval &romo va Soil organic matter/Soil CO,

UTtOOTNPLETAL OTL OL EKTIOMUTTEG Carbonate rocks

ort’ Tnv Kaon OpUKTWV -
, o . Fossil fuels
Kavoipwv (4% tou cuvoAou)
glval auTtég mou poKkaAouv 35 -30 25 -20 -15 -10 -5 0 5 10
TNV MTWoN TG ATHOGPALPLKAG 513C (%o)
Tll.lr'lg 613C. Mnyn: Koutsoyiannis (2024d) pe opadomnoinon mapopolwy katnyoplwv Twv Trumbore and Druffel (1995).
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Oplopot katl NMwoocaplo otnv epyacia Koutsoyiannis (2024c):
MpoonaBsiLa yio auoTnPOTNTO OTO KALMO LLE XPON OTOXOLOTLKNG

Impulse response function (IRF, gh(h)): A system’s output at a time distance (lag) h from the time in which the system is perturbed by an input
that is an (instantaneous) impulse of unit mass (a Dirac delta function). It is also expressed in dimensionless form, g(n) = gn(nMWy)Wy. An interesting
property (proposition 1) is that the IRF is identical to the probability density function of the residence time for the case that the input is an impulse function.

Reservoir, linear: A reservoir in which the outflow is proportional to storage. Any other type of storage—outflow relationship defines a nonlinear reservoir.

Reservoir, sublinear: A reservoir in which the outflow is proportional to storage raised to a power b < 1.

Reservoir, superlinear: A reservoir in which the outflow is proportional to storage raised to a power b > 1.

Residence time (ﬂ) The time duration that a particle (molecule) spends in the reservoir from its entry to its exit. Excepting the (unrealistic) case of a
perfectly regular (laminar) flow, the residence time is different for different molecules and is therefore represented as a stochastic variable (hence the
underscore in the notation).

Residence time, characteristic (WO): The time that is defined as the ratio W, := S,/Q,, where Sy and Qg represent the initial conditions of storage
and outflow, respectively, at time t = 0. In general, W, depends on the initial conditions. In a linear reservoir it is equal to the mean residence time, py,.
Residence time, mean (MW): The mean of the stochastic variable W, which represents the residence time. It may also be expressed in dimensionless
form, u,, = uy /Wy. In a linear reservoir, the mean residence time is equal to the characteristic residence time py, = Wy, and the dimensionless mean

residence time is 4, = 1. In a sublinear or superlinear reservoir, a simple approximation of the mean residence time is given by Equation (41).

Residence time, median (W1/2)3 The median of the stochastic variable W, which represents the residence time. It may also be expressed in
dimensionless form, wy ;, = W/, /W,. In a linear reservoir, the median residence time is smaller than the mean residence time by the factor In 2=0.69. In a
sublinear or superlinear reservoir, a simple approximation of the median residence time is given by Equation (41).

Response time, mean: The mean of the IRF, in dimensional form (u) or dimensionless form (4, = u,/W;). In a linear reservoir, the mean response time is
equal to the mean residence time and to the characteristic residence time, p, = uy = Wy, and the dimensionless ones are u, = y,, = 1. In a sublinear
reservoir, the mean response time is generally smaller than the mean residence time. In a sublinear or superlinear reservoir, the mean response time is
determined from the exact Equation (44).

Response time, median: The median of the IRF, in dimensional form (h1/2) or dimensionless form (11, = hy/,/W,). In a linear reservoir, the median

response time is smaller than the mean response time by the factor In 2 = 0.69. In a sublinear reservoir, the median response time is generally smaller than
the median residence time. In a sublinear or superlinear reservoir, the median response time is determined from the exact Equation (44).
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AvtiBegon pe tnv «okompa acadpn»* opoAoyia tng IPCC

m  HIPCC (2021) xpnowuomoleil toug 6poug lifetime (Stapkela Iwng), turnover time (xpovog evaAlayng), global
atmospheric lifetime (oA atpoodatpikn dtapketa {wng), response time (xpoOvog anokplong), adjustment time
(xpovog mpooapuoyng), half-life (xpovog nu{wng) i decay constant (otaBepad amoolvOeon ), kavévag o’ Toug
omoloug dev elval apKETA ocaprG WOTE VA ETMULTPETEL TNV TTOCOTLKOTOINON KAl AkOUN Kal Tn SLaKpLon TL evvoeitol kabe
dopa.

m  EWwotepa, otav avadepetal oto CO; (kat og avtiBeon pe aAAeg ovoieg), n IPCC eival 6oo yivetal acadeotepn, TLX.:

O H évvola tn¢ eviaiog, YapaktnpLOTIKAG aTUoo@alpLkic dtapketac {wrc dev toxvel yia to CO,. (The concept of a
single, characteristic atmospheric lifetime is not applicable to CO;) (IPCC, 2013, c. 473).

O Aev unopei va So0¢ei eviaia diapketa {wric [yla to CO,]. (No single lifetime can be given [for CO,].) (autdBL o. 737).

O H biapketa {wnc [yla to KAAQ avapepelyEva agpla tou Beppoknmiou] avagépetal o€ €tn: # uTOSEIKVUEL
mmoAAartAouc ypovouc {wric¢ yia to CO; (Lifetime [for well-mixed greenhouse gases] is reported in years: # indicates
multiple lifetimes for CO,.) (IPCC, 2021, oo. 302, 1017).

m  HIPCC erupével otnv nepiepyn W6€a OTL N cupunepldopd tou CO, €aptdatal amo TNV MPoEAeVon Tou kat 6tLto CO, ou
EKTIEUTIETOL ATIO TNV KOV GO OPUKTWV KOUGTHUWYV £XEL LEYAAUTEPO XPOVO TAPOHOVAG aTto 0,TL To CO, TTOU EKTTEUTETOL UE
dUOLKO TpOTO:

0 lpooouolwoelc pe povtéda kAipatoc — kUkAou avipaka deiyvouv moAveth Stapketa {wn¢ Tou avipwtoyevous
CO; otnv atuoopaipa. (Simulations with climate — carbon cycle models show multi-millennial lifetime of the
anthropogenic CO; in the atmosphere.) (IPCC, 2013, o. 435).
*H dpdon mapatiBetal ar’ tov wotdétomno 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: “Ot exTiufoeLS yia
T0 MO0 mapaleveL to Stoeidio tou avipaka (CO,) otnv atuooeaipd [...] Elval CUXVA OKOTILUX ACAPELG KAl KUUAIVOVTAL QO EKXTOVTASEG EWG YIALASEG ypovia.”

A. Koutooytdvvng, Ot avTLpdoeLS TNG MOYLWUEVNG «KALUXTLKIG ETTLOTHUNGY 20


https://climate.mit.edu/ask-mit/how-do-we-know-how-long-carbon-dioxide-remains-atmosphereEstimates

MARpnc nepypadn tng Suvapikng tou atpoodaipikov CO,

MNpodavwce (koL og avtiBeon He Ta OTEPEOTUTIA), O LECOC XPOVOG Ttapapovig tou CO, (W) otnv atpoodatpa eivat:

1. aveﬁaprntoq 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020 2025 12
’ 100 —
art tnv < 2tabuog Barrow, emeényoupevn dlacmopd: 85.3% g 6
NpoéAevon 2 S 4
(avBpwrmvn i | § s 2
=y : 0
un) o :H“' il i el e | L 0 025 05 075 1
2. mepinov 4 €tn |5 Xpovoc (€tn)
' Q 440
o€ eTNoLa g MeTpAoELC
BdO’ﬂ (6£V ‘g -------- Mpocopoiwon 420
UTTAPXEL 3
, DUOIKI, ATIO PETPHOELG **+eeetee DUGCIKH, ATTO TIPOCOHOIWO! ==  ems AVBPWITIL 400
Sdlapkela -150 =
Zwr’lq Méaooc xpovog mapapovig (W): 3.9 £€1n 380 =
A , ) (emoxlakn dlakvpavon: 1.6 - 9.9 £€1n). =
LALETLWV)’ 3
X EOpog emoxlakng dlakupaveng kaéapng Mnyn: Koutsoyiannis 360 g
3. gmoyLa KO £loporc: 130 ppm/£tog ota 1960- : (2024c" ypadnpatikn 340
B AL 240 ppm/£T0C TWPA (EMEKTAGH TNG y nepiAnyn petadpa-
HETAPAANO Blécpatpag: oe GLUYKPLON, OL 44 opévn ota EAnVIka). 320
MUEVOC HE AVOPWTILVEG EKTIOHTIEC AvEPXOVTAL OE 5 1 . . .
: pPpM/£Toc) 21alpoc Barrow, emeényoupevn dlaomopd: 99.8%
XonAotepn -
TLHI”] <2 étr]- Emtidoon povtEAou: ECALPETIK). 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020 2025
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H eméktaon tng Brocdatpag kot cuvadeiq EpwTNOELS (N3oUrnpuy 7B)

1. H enéktaon tng Bloodatpac (n avénon
A(EN) = 26.1 ppm CO,/€t0¢)

AnoteAéopata tou poviéAou Koutsoyiannis (2024c) os etiiola KAipoka

120
TtPOokANOnke arm’ T avlpwrveg 20251105 g
eKTouTEC (2.1 to 5.4 ppm CO,/£t0¢); 100 &
, , , 1958, 84.5 -
2. H avénon tou atpoodatpikov CO, eivar g z
Ayotepn art’ To v twv avlpwrmwwy - Lo T Enéktaon préodaipa, S
EKTIOUTIWV. An06:€u<vua QuTO oTL oL g To 8ooc (e ha T Sévipa
duokeg dlepyaoieg Oev Exouv S 60 kaw oAGKkAnpn T Bréodatpa)
A L . O EN: emission, natural (puaoikr) ekTtopTn)
T[pOO'eEGEL COZ otnv atuoocboupa, g EH: emission, human (avBpwrivn eKTtouTH)
3. H ch')on (Enpd Kol (A)KEQVOI.) g 40 SN: sink, natural (Guotki} anoppodnan) ETEN R Te Ry
, , , g - - = - |looQuylo (atpoodalpikn artobrikeuon) ayeAddec) braive yia GAa
TPAYHATOTOLEL KaBapn anoppodpnon 3
I 1 1 14 I 20
CO,. Eivau ou{;\o anoGELEr] oeu n avénon P 2023,5.4 ~_ 2023, 2.2
VvV OV . 1958, 0.8 » 4o \/
Tou CO;, odeileTal otov avBpwro; . -~ £

4. NapaPralet tnv Loolvylo palag to

) ] ' 1950 1960 1970 1980 1990 2000 2010 2020 2030
HovtéAo tou Koutsoyiannis (2024c);

To ypadnua kataptioTnke armd to anoteAéopato Tou povtéAou tou Koutsoyiannis (2024c¢),
10N 5320DMUuU3%0/7)d| IXQ, MAT :5130laApUYy  HETE an6 cuvaBpolon o eTioLa KAIpaka.
* ] (I a

* AUTO cuvayetal art’ TV akoAouBn dpaon: «OL EKTTOUTTEG ATTO PUGCLKEG TTNYEC, OTTWG 0 WKEAVOC Kal N xepoaia Bloopatlpa, ouviBwc Yewpouvtal oTadepES
n ot eéediooovral w¢ aravrnon otic dAAayEC Twv avIpwmoyevwyY mopayovtwy n otnv rpoBAenouevn kAwuatikn aAdayn.» (IPCC, 2021, o. 54).
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Ta anoteAeéopata pov eival cuven He to tooluylo avBpaka tng IPCC (AR6)

1.

O avBpwro¢ eival umevBOuvoG Hoévo yla + MPOPLOPNXAVIKEC M SUYXPOVEC TIPOGBAKEC
10 4% TwvV ekMopnwyv dloéeldiou tou g AKABEPLOTN GWTOGOVBES
avBpaka (pe Baon otolxeia tng IPCC). g OMKH avamvor] Kat puwTid
H GUVTpLT[TLKI"] T[As[ové'[n'[a TWV 2 Hdaloteldtnta, £kAuon amo yAuka vepa
aAlaywv otnv atpuéodapa and to 1750
, ' ' W Artoppodnon kat pwtooLvbeon
(KOKII;\LVEC, paBdol oto yépadar] |J.O’L) g oo Bon
odel ETOL OF DUOLKEC lepyaoteg, otnv 3 aamor
ovarvon kat otn pwtoouvOeon.
(&g
1 1 1 1 w
OL OLUE.HUElC TOOO OTNV EKTTIOMUTIN OCO Kol E OpuKTa Kauoa Kat Tapaywyn ToLEVTOU . 9.4
otnv anoppopnon CO; opeidovtatotnv 2 ANayii xprioncyne 16
avénon tng Bepuokpaociag, n onoia z Expoécs: ~221.8 |Elopoic: 226.9 (Aagopd: 5.1)
EMEKTELVEL TN BLoodatpa KoL TNV 450 100 50 0 100 150
KoBLoTA TILO TP ALY WYLKNA. AtakwroeLc CO, (Gt C / §10¢)

OL dlepyaoieg Tng xepoaioag Bloodailpag OL exTiun oL elval «emionpeg» amo tnv IPCC (2021° Fig. 5.12). H napouacioon oto
eivat TToA\U 1o LOXUpéq anod TLQ napana'vw oxXnuo ELV(X'L «avemonur.]», LE TTpOCOPOYN ou'E ToV Koutsoyla’nnls (2024c).
BoAS , Ztnv npoodatn dnuoocievon Twy Lai et al. (2024) oL EKTIUACELG TNG aKABAPLOTNG

AAQOOLEG ,wc T(POG TNV mapaywyn Kat dwtooLVBEONC KaL TN avarmvorg ivat akopn vPnAotepeg, 157 kat 149 Gt C/£tog
v anoppodnon tou CO,. (avti yta 142.0 ko 136.7 Gt C/€tog), avtiotoa.

H exmouny CO, povo armnod tn Bloodatpa Twv wKeavwy givol oAU peyaAlTtepn art’ TNV avOpwrtLvn EKTIOUTTH.
Ot oUyxpoveg (peta to 1750) mpoaoBrikeg CO, OTLG TPOPBLOUNXOAVLIKES TTOOOTNTEG (KOKKLVEG paBdol oto Seil
ULOO Tou ypadnuatoc) umepBaivouv T avOpwIVEC EKTTOUTES KaTd ~4,5 popEc.
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AlepeLVNON TNG UTTOTLIOEUEVNC QLTLOLKAC OXEONG
“b”: MNpokalei avénon tnc Oeppokpaoioc n
avénon tov atpoodatpikol CO,;

m HIPCC kat ot InAwTteC Tou KAlpatoc amaviouv: No
m To Kuplapyo pelpa OKETMTIKIOTWY armavta: Not
m Eyw amaviw: Oxt
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& 98 p uo Kp aoiac (] Atmospheric Temperature and CO5: Hen-Or-Egg Causality?
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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
conventional and established theory, that increased CO» concentration due to human emissions causes an
increase in temperature, by considering the reverse causality. Since increased temperature causes an
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

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

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— CO,. Changes in CO; follow
r ’ ’ . changes in T by about six months on a monthly scale, or about one year on an annual scale. We attempt to
I_IAO U'[apxoc' H e LKa’ z U unoola KQ B , n Po BAH MA r, interpret this mechanism by involving biochemical reactions as at higher temperatures, soil respiration and,
y . s . ” . y a y . hence, CO, emissions, are increasing.
[1otepov n OpVI¢C MPOTEPOV N TO WOV EYEVETO;
)

Keywords: temperature; global warming; greenhouse gases; atmospheric €O; concentration
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H adetnpia: To atuxec neipapa COVID
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Koutsoyiannis and
Kundzewicz (2020).
nu.: Kata tnv
TipoETOoLLaoia TNG
UEAETNG, TaL
Sedopéva ntav
SlaBéolua £wg tov
loUuALo Tou 2020.

OL meploplopot mou
ertBANOnkav to 2020 yia to
COVID npoka@Aecav tn
HEYaAUTEPN HElwON TWV
avBpwrnivwv ekropnwv CO,
otnv Lotopla.

OL MayKOOULEG eKTTOUTIEC CO,
ATav Katd > 5% xaunAotepeg
TO MPWTO Tpiunvo tou 2020
O£ OX€oN LLE TO aVTLoTOL O
Tpipunvo tou 2019 (IEA, 2020).

Qot000, To AUENTIKO poTifo
TNG CUYKEVTPWONG TOU
atpoodalptkol CO,, 6w
HETPRONKe otn B€on Mauna
Loa, 6ev alAate.
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. . Revisiting causality using stochastics: 1. Theory
KEVTpLKn EV'VO la Demetris Koutsoyiannis &, Christian Onof, Antonis Christofides and Zbigniew W. Kundzewicz
ornv Enlotn I-lrl; Published: 25 May 2022  https://doi.org/10.1098/rspa.2021.0835
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Research articles |
Revisiting causality using stochastics: 2. Applications

Demetris Koutsoyiannis &, Christian Onof, Antonis Christofidis and Zbigniew W. Kundzewicz

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

y Causality is a central concept in science, in philosophy and in life. However, reviewing various Abstract
ou(ovo ulKn approaches to it over the entire knowledge tree, from philosophy to science and to scientific and
A technological applications, we locate several problems, which prevent these approaches from In a companion paper, we develop the theoretical background of a stochastic approach to
on “’ao—l'a' defining sufficient conditions for the existence of causal links. We thus choose to determine " " . » . g "
causality with the objective of formulating necessary conditions that are operationally useful in
necessary conditions that are operationally useful in identifying or falsifying causality claims. Our [ . . N ) ) " .
1 ) o ) ) identifying or falsifying causality claims. Starting from the idea of stochastic causal systems, the
2 rl p00¢ata n proposed approach is based on stochastics, in which events are replaced by processes. Starting f 3 O
. . . B approach extends it to the more general concept of hen-or-egg causality, which includes as
. , from the idea of stochastic causal systems, we extend it to the more general concept of hen-or- i i e | Zndih Sarail Py g Y
aL'[[_O'[n'ca EXEL egg causality, which includes as special cases the classic causal, and the potentially causal and ppecial casesine.c ass_lc caus_a randine poleniisiy causatand:an I'C_ausa Sys_ems‘ e
, y 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
VLVEL apsva applicable to large-scale open systems, which are neither controllable ner repeatable. The nor repeatable. In this paper, we illustrate and showcase the proposed framework in a number of
y 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
TEpdG‘l‘lOU 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

Evslad)épovltOC‘ scientific problems.

particular hydrology and climatology.
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Opoonp.a otnv atttotnta — Ohoocodkoi avaotoxaopoi

David Hume (1711- 1776
YKWTo£lo¢ pLAOc0dOC TOU
Aodwtiopo0):

ApLototéAng (384 — 322 . X.):

MeAETnoE TNV ALTLOTNTA Kol
TIPOTELVE TECOEPLC LOPPEG
aLtlakng €€QynongG: To UALKO, TO
HOPPLKO, TO TTOLNTIKO KAl TO
TEAKO aitLo.

H évvola tng attiag sival
AMAWC €vaC TPOTIOC IOV
XPNOLUOTIOLOULE YLO VOl

MEPLYPAYOULLE TLG
MAoutapxog (46 —119 w.X. KOLVOVLKOTNTEG.
LoTopLKOG, Broypddog, drhdoodog): Immanuel Kant (1724-1804,
O mpwTto¢ mouv €0goe ToV TUTO Feppovoc phdocodog Tou
ALTLOTNTAG KOTAG-H-auyou Aladwtiopov):

(KAA) we pthoocodikd mpopAnua
KOlL QLVTLKOTEGTNOE TA YEYOVOTQ
ME SLEPYAOLEC:

1. H attotnta yivetal
KOTOLVONTH W¢ OL KOWVOVEC
TIou SLEMOoUV Ta YeyovoTa.

“IMotepov n bpvic mpoTePoOV ) TO

wov gyeveto” (HOKQ,

Jupmnootaka B, MpofAnua ).

2. H autiaki akoAouBia gival
XPOVLKA [N ovaoTpEPLUN.
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MBOavoOEWPNTIKEC MPOCEYYLOELC TNC OLLTLOTNTOC

Patrick Suppes (1922 —2014" Apeptkavoc dpthocodpoc—Stanford Univ.):

Opopog: Eva yeyovog B, [mou cupfaivel otov xpovo t'] anotedei ek mpwtng oYPews
attia tov ouuBavrog A, [mou cupBaivel otov xpovo t] tote kat povov Tote av

(i) t' <t (ii) P(Btl) > 0, (iii) P(AtlBt’) > P(At) Suppes (1970)
Inueiwon: O oplopog dev eival xpriolpog, kabwge, anodedelypéva, TavTileL tTnv
owtiotnta pe tnv e€aptnon: Kat' ovaciav, AéeL 0tL U0 yeyovota rtou Sev ival oUTe
ouyxpova oUTe aveEdptnTa SNULOUPYOUV pLa (K TTpwWTNE OPEewWC) attiakn oxéon.

David Cox (1924 —2022' Bpetavog otatlotikoAoyoc — 0&popdn):
ITIC TPELC MAPATIAVW CUVONRKEC TOU oplopoU, mpooBeoe pia TETaptn: (iv) Aev
unapxet yeyovog C,im atov xpovo t'' < t' < t yia to onoio P(A¢|B,1Cyrr) =
P(A¢|ByCerr). Cox (1992)
Inueiwon: Av kat n pooBnkn avth Bewpntikad amoteAel poodo, dev sival
TIPOKTIKA: AgV UTTOPEL KOVELC vaL amaplOpRoEL OAa Ta YEYOVOTO OV GUVERNoOV
TLPLV OTLO TO XPOVO t' Kall val UTIOAOYLOEL TIC UTTO cUVON KN TILBAVOTNTEC TOUG.
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EdbapHOOHEVEC TIOOVOTIKEC MPOCGEYYLOELC OTNV ALTLOTNTA
Clive Granger (1934 — 2009° Bpetavoapeplkavog oltkovopetpnc—Univ. Nottingham & Univ.
California, San Diego* NoumeA Owovoptiag, 2003):

Kuplw¢ yvwoTtog yla T Aeyopevn «SoKLun atidtntog Katd Granger» (Granger causality
test), mou Baociletal otnv e§iowon YpapLkAG MaAlvdpopnong y, = Z;’=1 a;jy;—j +

;721 bjx;_; + &. EQv oL ouvteheoteg b; eival un undevikoi, divetal n eppnveia otLn
dlepyaoia x; mpokaAel tnv y;. Granger (1969)

INUEWWOELG: To TAALOLO HoLAlEL TTPOPANUOTIKO, TOCO TUTILKA 000 Kol AOYLKAL: :

0 Turuka, o éAeyxog urtoBéocewv otn Yewduolkn Unopel va eivat avakpBig (katd
Tagelg peyEBoug) Aoyw tng e€aptnong oTov Xpovo.

2 Noyikad, o éAeyxog adopd tnv npoPAedn, n onoia eival OspeAtwdwe Stadopetiki
OLTIO TNV QULTLOTNTAL.

Judea Pearl (yev. 1936° lopanAlvoaepLKAVOC ETILOTHHOVAC UTtOAOYLOTWV Kot tAdocodog):

Mpodtelve €va mAaiolo yla tnv attiotnTa nou ocuvoualel TG mBavotnTeg e Tn Bewpia
vpadwv. Pearl (2009)' Pearl et al. (2016)

INUEWWOELG: To TAaolo elval TPOBANUATLKO, TOOO TUTILKA OGO KoL AOYIKA:

0 Kota tn xprion tTng umo cuvOnkn mbavotntag, o kavovag tng aAvcidog
Xpnotonoteitat pe Aabog tpomo.

2 Baoiletal otnv unoBeon AtL EXoupe 6N €vav ypado attiotntag — £vayv Tpomno
EVTOTILOMOU TWV OLTLWV.
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H TMIPOOEYYLON HOC YA TNV aLTlotnta

Me avacmonnor] TWV POoEyyloewv TNG atldétTnTag o€ OAOKANPO TO SEVTPO TNG yvwong, amnod tn plocodia otnv
ETILOTAUN KAL 0TNV TEXVOAOYLKI] KOl KOWVWVLKOTIOALTIKN edappoyn, avadeifape onpavtikd dAvta npofAquara.

m  H uéBobOG pag €Beoe Evav petplonadn otoxo: Tov mpoodloplopnd avaykKaiwv cuvOnKwyv mou givol AELTOUpYLIKA
XPNOLUEG YL TOV EVTOTILOMO A TN SLAPEVON TWV LOXUPLOKWY ALTLOTNTAC LKAVEG cuvOnKeg Sev avalntouvtal.

m  OLavaykaieg ouvOnkeg elval xpriotpeg ano dVo anoYPelg:

0 Z& mapaywylko mAaioto, yia va StaeuoBel pia urtoBetikn oxeon attotntag deixvovtag otL mapaBLaleL tnv
avaykoaia cuvenkn.
0 2E EMAYWYLKO MAaiolo, yLa va pootebolv otolxeia UTtép tnNg aAnBodavelag pog umoBeong altlotTnTac.

m  HpEBoSOG pag avtikablotd Ta yeyovoTa |le OTOXAOTIKEG aveAi§el. Baaoiletal mMANpwWG 0Tn OTOXAOTIK — €val
UTIEPOUVOAO TwV TLOAVOTATWY KaL TNG OTOTLOTIKNAG, OTO OT0L0 0 XpOVog va Ttaillel ouoLOOTIKO pOAo.

m H péBodog Baoiletal oe pla emaveEETaon TnG EVVoLag TG OUVAPTNONG TAALKNG antokplong (impulse response
function — IRF).

m  To mpaypatika Sedopéva, SnAadn oL XpovooEeLpEC TapaTnPOEWY, amoteAoUV TN Hovn Baon tng uebodou.

m  To AmOTEAECHUATO LOVTEAWVY KAl O ASYOUEVOC KTIELPAMATIONOC in silico» armokAsiovtal KOTNYOPNHATIKA.
AVTIOETWC, N HEBOSOG pag TIOPEXEL EVA ETILOTNOVLKO epyaleio eAEyxou yla va SlamotwBel katd nooov ta
HOVTEAQ €lval CUVET 1] OXL LE TNV TPAYHATIKOTNTA.

m  To yeviko mhaiolo tng pebodou adopa tnv nepintwon Kotag-n-Auvyou, SnAadn tnv audidpoun attotnta, evw ot
HOVOSPOUEG TIEPLITTWOELG EVOC OULTLOLKOU ocUOTAMATOC (KateuBuvon atiotntag cUpdwva LE TNV utoBeon) | Vog
OLVTL-OULTLOKOU OUOTAMATOC (KateuBuvaon attiotnTtag avtiBetn mpog tnv unoBeon) MPOKUTITOUV WG ELOIKEC
TIEPUTTWOELG.
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MaOnuoatikin avanapactoon

m [l KABe Levyog otoxaotikwy avelifewv x(t) kat y(t) urnopei va StatunwOei n oxéon

y(@® = J_, g(Wx(t — h)dh + v(t)
onou g(h) eival n cuvaptnon moApwkng anokpiong (IRF) kat v(t) pa dAAn otoxaotikr aveALgn,
aouoxETLoTN pe tnv x(t).
= Ynapyouv anetpa Zevyn (g(h), v(t)) amo ta onola evtomnifoupe tn AVon Twv AaxioTwV TETPAYWVWY
(AET): autr) mou glalotomolel tn Staomopa Var[y(t)] N LEYLOTOTIOLEL TNV enMenyouevn Slaomopaq,
e:=1-— Var[g(t)]/var[y(t)].
m  YnoBétovrag 6t n AET g(h) €xeL mpoodloplotel, To clotnua (x(t), y(t)) eivat:
1. SuvnTka autiako tomou Kotag-i-Auyou (KAA) eav g(h) # 0 yia kamowa b > 0 kat kamowa h < 0,
EVW N eneényoupevn Sloomopa lval pn apeAnTea
2. duvnuka attiakd eav g(h) = 0 ywa kdBe h < 0, evw n emefnyolpevn dlacmopd sival pn apeAnTtéa
3. duvnuka avti-outiako av g(h) = 0 ywa kdbe h > 0, evw n ene€nyolevn Slaomopd givat pn
apeAnTéa (auto onuaivel ot to cvotnua (y(t), x(t)) eivat Suvntikd aLTLaKko):
4. KN OLTLOKO €AV N €€nyoupevn Slaomopd sival apeAnTEal.
= To mAaiolo avayvwplong TnNE aLTLOTNTOC KATAOKEVALETAL yLa TNV TtepimTwon 1, evw ol AANEC TPELG
TIPOKUTITOUV W ELOLKEC TIEPUTTWOELG.
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Edbappoyn otn oxéon Oeppokpaciac ko [CO,]

Avtipetwnilovtag to cuotnua (7,[CO;]) wg duvntka Avtipetwrnilovtag to cuotnua ([CO,], T) wg SuvnTiKA aLTLoKO
atttakod KRA, cupnepaivoupe otL sivat Suvntika atttakd KA, cupmepaivou e OtL eivat SuvNTIKA aVTL-OULTLOKO
(LovokateuBUVTLKO) e eme€nyolevn Staomopad 31% (avtiBetng katevBUvVONC) He emeEnyoluevn dtaomopad 23%

0.0007 —mMm ™ 12
—@— |RF —o— |RF
0.0006 = === Mean 10 - - - - Mean
——————— Median ------- Median
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8
0.0004
o Z 6
0.0003
4
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Mnyn
0.0001 2 ypadnuatog:
Koutsoyiannis
0 0 ¢ telolololeleteloterololoretelotororore! el (202205
-20 -10 0 10 20 -20 -10 0 10 20
Time lag (months) Time lag (months)

Tuunépaopa: H ko avtiAnyn otL n avénon tou [CO,] mpokaAel avénon tng T nopel va
artoKAELOTEL, KaBwWC mapafLalel TNV avaykoio cuvenkn yla autr TNV KatevBuvon attotnTac.
AvtiBeta, n katevBuvon attotntag T = [CO,] eival eAoyn.
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ZUVEXLON TNG avamTuéng Kot TnG EPapoync Tou TTAaLGiou

H epyaocia oto Sci
(2023) eméktelve

TNV MPOCEYYLON O€

TLOAAQUITAEG
KALHOIKEG KOl TNV
epappoyn os 6An
NV nepiodo nou
KaAUTITETOL QTO
debopéva
UETPAOEWV.

H epyaoia oto
MBE (2024)
BeAtiwoe
pnebodoloyia kat
XpnoLuomnoinoe
eniong
unokataotata
dedopéva
KaAUmtouv
OAOGKAnpov Tov
Davepolwiko.
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Abstract

The scientific and wider interest in the relationship between atmospheric temperature (T) and concentration of
carbon dioxide ([CO]) has been enormous. According to the commonly assumed causality link, increased [CO5]
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 [CO;], 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
[CO,] 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.

—— | Mathematical Biosciences and Engineering q

Mathematical Biosciences and Engineering
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doi: 10.3934/mbe.2024287
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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 ([CO3]) 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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Kouil: Mowa eivar ( SuvnTikd) n attio Kot ToLto To OMOTEAECUAL;

OL TLHEG TTOU
amnelkovilovrat
elval oL eTrjoloL
HETOL OpoL TWV
Sladoplkwv
XPOVOOELPWV yLa
XPOVLKO Bripa
Stadopag 1
£TOUG.

KaBe onueio
QVTUTPOCWTEVEL
TO XPOVLKO UECO
0po yLa Slapkela
€VOG £TOUC TIOU
ANYEL TN OTLyuUN
TNG TETUNHEVNG
Tou.

OL6vo
XPOVOOELPEC
€XOUV XPOVLKN
Sladpopa €L
HNVWV.
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Mnyn: Koutsoyiannis et al. (2023a, ypadnpuatikr) mepiAndn o eAAnvikAi petddpaocn).
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Nwcg éexwpiloupe
TNV attia o’ to
OLTTIOTEAECUQL;

«Ol EKTEVEIC avaAUOELC TTOU
Eytvav ouykAivouv oto
UOVAOIKO CUUTTEPACUA OTL N
aAdayn otn Oepuokpacio
nponyeital kot n aAdayn otn
ouykévtpwon btoéetbiou tou
avipaka Emetal. AUTO 1o
OUUTTEPAOUO LOXYUEL TOOO YLOl
T untokataotata Sedoueva
000 KL yLot T UETPNTIKC, OE
OAEC TIC XPOVIKEC KALUOKEC
KOl Ta XPOVIKA Slaothuata. »

Mnyn: Koutsoyiannis (2024b, mepiAnn kot
ypadnuatikr mepiAnn og eAANVLIKA pueTtddpaon).

XOvoyn TOV YPOVIKAOV voTepoc@V (6€ £T1) TG duvnTiKG cuTtokig oyéong T — [CO;]
(0eTIKEG 6E OAEG TIC TEPUTTAGELS)

Xpoviki) Xpovikég
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Davepolmikdg 105 2.3x10°, 6.4x10°
Kawvolmiodg 10°  7.6x10° 9.1x10°
, 500 1200, 3300
Yotepo
Teraproyeves | 1000 1200, 4500
. i 0 200 400 600 800 1000 1200 1400 1600 1800 2000 l 25, 33
Kown Emoyn i 10 26. 33
Zl’)yxp OVTI 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020 2025 1 O . 6 , O . 7
(neTproei) 10 3.2,3.3

A. Koutooytdvvng, Ot avTLpdoeLS TNG MOYLWUEVNG «KALUXTLKIG ETTLOTHUNGY 36



2nMeEiwon yia 6oouc SuokoAsvovtal va TILoTEPOoUV OTL N
avénon tnc Beppokpaociog avéavel g uoLkeC ekmopnég CO,.

12 Month Ot {wvtavol opyavicpotl
4 5 6 7 8 9 10 11 12 CIT[O}\CXHBC'IVOUVTLC

I | —
i S BeppeEg ouvONKeG Kal

——Q10 = 2.35 - Best fit on dat / . .
==Q10=3.05- Glecjball a?/r:eraag: (Patel et al., 2022) //// aUgaVOUV EKBETLKG TnV

OLVOLTIVOI) TOUG MLE TN
Oeppokpaocio:

R(T) = R(Tp) Q4

—
o
I

oo

(T-Tp)/10

(Q10: abldotatn
TIAPAUETPOG).

(Mmol m2 s)

Ipadnua pe Sedopéva avarmnvorg
edadouc kat Beppokpaciag katd
tnv nepiodo 2005-10 oe evKpaTn
Saowdn meploxn otnv lanwvia pe
| | aelBaln kwvodopa (Makita et al.,
2018 pe maykOouLo HECO Q, OO

0 | | |
0 5 10 15 20 25 30 rateletal, 2022).
SO|| tem peratu re (OC) ®wt. and Moore et al. (2021)

Observed soil respiration
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Alepelivnon tnG UTTOTLOEUEVNC aLTLKAC oX€on¢ “c”:
YRAPXOUV KALUOTLKEC EMUTTWOELC;

O avBpwmveg ekmoumneg CO, emnpealouv Ta NAvVIQ;

m HIPCC kat ot InAwTteC Tou KAlpatoc amaviouv: No
m To Kuplopyxo pelpA OKETTTLKLOTWY armavta: Oxt
m Eyw amaviw: Oxt



H oxetikn onovdatotnta tou CO, w¢ aepiov Beppoknmiov

H oxetikn
omoudaldtnTa ToU
CO, w¢ agpiou tou
BeppoknTtiou
TLPOKUTTTEL ATLO
oUykpLlon Me to H,0.

H epyaoia ota
aplotepad Baoiletal
HOvo o€ debopéva
emdaveiag.

H epyaoia ota defla
Baoiletal og
dopudopika
6edopéva (CERES)
KOl T(POCOLOLWOELG

HOVTEAWV UTEPUOPNG

oKTLVoBoAiog
(MODTRAN).

Taylor & Francis -
e Online 8 wm =
Home P Alljournals » Hydrological Scienc.. » Listoflssues » Volum: e2 P Revisiting the green...

Hydrological Sciences Journal >
Volume 69, 2024 - Issue 2

7,447 2 1,067

Views CrossRef citations to date Altmetric

Research Article

Revisiting the greenhouse effect — a hydrological
perspective

Demetris Koutsoyiannis & () & Christos Vournas

Pages 151-164 | Received 01 Sep 2023, Accepted 09 Nov 2023, Published online: 22 Dec 2023

6 Cite this article hitps://doi.org/10.1080/02626667.2023.2287047 ™ Crecierigiaes

[ YHPEEN mriguresadata @ References Gk Citations Ll Metrics & Reprints & Permissions

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 (CO3), 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.

SUBMISSION GUIDELINES

Demetris Koutsoyiannis: Relative importance of

carbon dioxide and water in the greenhouse effect:

Does the tail wag the dog?

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
downwelling radiation data, commonly used in hydrology, and satellite data for the outgoing
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
contribution of the former is 4% — 5%, while water and clouds dominate with a contribution of
87% —95%. The minor effect of carbon dioxide is confirmed by the small, non-discernible
effect of the recent escalation of atmospheric CO, concentration from 300 to 420 ppm. This
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,
as well as cooling the Earth's surface through latent heat transfer, contributing 50%. By
confirming the major role of water on climate, these results suggest that hydrology should
have a more prominent and more active role in climate research.

Read more here. You find supplementary data here
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TL A€eL Evac oLwvoLg
dedopcvwy emupaveiag;

Evw n «kApatikn emotipun» epAvapet yia to
CO, w¢ to KaBopLoTIKO aEpLo Beppoknmiou, n
uSpoloyia £XEL TOCOTLKOTIOLOEL KOLL
XPNOLHOTIOLEL GE UTTOAOYLGHOUG poUTivag TO
dawvopevo Beppoknniov edw kat 70 xpovia.

Autn n moootikonoinon eivatl anapaitntn ya
TOUG UTtOAOYLOHOUG TNG EEATHLONG KOLL OL
oxetikol Tumol Baocilovtal os Sedopéva
ATUOOPALPLKNC LYPACLOGC.

H ouykekplpévn epyaocia Baociletal os pa
ouAloyn 6ESoUEVWV yLa EVaV QLWVO OXETLKA
HE TNV KATEPXOUEVN aKTIVOBOALQ poKpwWV
KUMATWV OTNnV enidpavela.

H avdAuon autol tou cuvolou Sedopévwv
Selyvel oTL 6ev umapyxeL Kapia StakpLti
enidpaon otnv £€vrtaon tov Ogppoknmiov,
mapa tTnv avénon tou atpoodatpkov [CO,]
arno 300 os >400 ppm o€ £vav alwva.

450

400

350

300

250

200

150
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1922-26 / Dines (armoé Brunt & Swinbank)
1912 / Angstrém
Equality line
--------- Ipappikr téon (Carmona et al.)
--------- Ipappikr taon (Aase & 1dso) @
Tuxov un apgeAntéa evioxuon tou
dawvopévou Tou Beppokniou, Adyw
avénongtng ouvykevtpwong CO, arno
300 o€ >400 ppm o€ Evav awwva, 6a
dawotav wg cUCTNATIKA 0TadLaKn
HETATOTILON TWV ONUEiWYV TIPOG Ta
0e€1d yla TIC o TPOOdATEC OELPEG
TapatnPnoEwy.
Yridpxouv evdei&elg tetolag
peTatomnong;
50 100 150 200 250 300 350 400 450

Metpnpévn (W/m?)

Mnyn ypadnuatog: Koutsoyiannis and Vournas (2024, oe eAAnvikr) Letadpaon ).
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H kawvotopia tng epyaciog SCC (2024): MaKpOGKOTILKEC OXECELG

m  Baown oxéon novu KataokevAotnke ano anoteAéopata tov MODTRAN kat dsdopéva CERES:

_ g T\ (ea)"? [CO,]
Lpo =L (1 +(x) + (—) )(1 + aco, In [coz]o) (1+acC)

€a

0 Lpo: pon katepxopevng (downwelling, D) kat e§epxopevng (outgoing, O) aktivoBoAiog pakpwv
KUMATWV'

T: Bepuokpacia kovta oto eninedo tou edadouc

e,: Tileon udpatpwyv Kovta oto eninedo tou e6ddoug

[CO,]: atpoodatpkr cuykévipwaon CO, pe [CO, ], = 400 ppm-

C: xAdoua enipavelag vepwv:

L*, T*, e; Slaotatikég mapapetpot, pe povadeg [L], [T], and [e,], avtiotoa

O 0O 0 0O 0 O

N1, Ne, Aco,, Ac: AOLACTATEG TTOPAUETPOL.

Ol TIHEG TWV MapaUETPWV BeATioTtomoiOnkav pe Baon ta anoteAéopata tou MODTRAN yla tov kaBapo
oupavo, EKTOC A0 TNV A, N omnola ektiunOnke amno ta Sopudopikd dedopeva CERES.

m  Edappoyn yia tnv eUpeon TG GXETIKNG oTtoudaotntag kadevog napayovra F; € {T,e,, [CO,], C} :

AL _ g OLFidF; _ g AFi v i # . 0lL _ OL Fi
d(InL) = L~ “L9F; L F; = 2Lk, F; =L, dInF;, Ly, " 9lnF;  9F; L
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2UYKPLON TNC LOKPOOGKOTILKAC OXEONC LE TOL AITOTEAECHATA TOU
MODTRAN: AnoAutn cupdpwvia

450 320
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v 300 290
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< 3
E 250 : 280
Y =
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3 ® 400 ppm 5
$ 150 PP 3 0
c 4 800 ppm e Clear sky
2 . . A Cumulus clouds
8 100 = Equality line e Equality line
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Downwelling LW flux from MODTRAN (W/m?) Outgoing LW flux, Lo, from MODTRAN (W/m?)

Mnyn ypadnuatog: Koutsoyiannis (2024e).
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Moootikomoinon TN OXETIKAC oToudatotTNToC TWV mapayoviwyv Oeppoknmiov

H peAétn Baoilotnke o€ kKaBlepwpévn Bewpla Kal povteAo aktvoBoAiag otnv atpoodalpa
(MODTRAN), kaBwc¢ kat og Sopudopika dedopéva aktivoBoAiac (CERES, 21° awwvag).

To Staypappa ota
apLoTEPA £ENYEL T
gupApaTA TNG
dnuooievong oto HSJ: n
avénon tn¢ [CO;] péoa oe
gvav awwva dev Oa
HropoUloE va £XEL Kapia
SlakpLty enidpaon otnv
KOTEPXOMEVN aKTIVOBOALL
HOKPWV Kupatwy (MK).

To Swaypappa ota de€la
umoSdnAwveL otL To i6Lo Ba
loXUE (LOoKPOOKOTILKA) KoL
yla tTnv e€EpXOMEVN
aktwvoBoAia MK (av
urtnpxav dedopéva).

ZYMBOAH TQN NAPATONTQN ©EPMOKHMIOY XTIZ AIAKINHZEIZ AKTINOBOAIAZ MK
E-=EPXOMENH

AMa aépla
co, 8%

KATEPXOMENH

AMa aépla

o)

ZOweda

co,

Yopatuoi
48%

Zovweda
39%

Mnyn ypadnuatog: Koutsoyiannis (2024e, oe eAAnvikr petadpaocn).
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Eav n attia dev givat to CO,, TL UIMOPEL VOL TPOKAAECE TNV
npoodatn avénon tnc Osprokpaciac tng atnoodalpac;

MpocOeTa epwWTAHATO AVTL AIAVTNONC:

1. Oa ETPETE VA TIEPLUEVOUE
otaBepn Bepupokpaoia;

ZXNMUOTIKN ATELKOVLON TWV NMILOOVWY OULTLAKWV CUVEECEWV OTO KALLOTLKO
oUoTNUA, LE CNUELWHEVOUC TOUG TUTTOUG SUVNTLKAG aLTLotnToS, Hovodpoung n
KnA (HOE), kat tTnv kateuBuvon tng

>. Tl vt aAAA€eL n kataotaon CEY
T[O}\[')T[}\OKQ)V SUVQ_HLK(}JV o _Ligln_mgnt_hs_ _ Po.ter.1tially'HOI-Z. causal with
GUGTI’] p_dtwv XpELdZOVTQ[ (Explained variance, e, %) principal direction as shown
H ' A .3k " Albedo Lag in months
EﬁthpLKOL napavovltsc, 7'y \\ (Explained variance, e 'y)> Potentially causal (unidirectional)
’ r N , €, /0
3. T npOKuAﬁO’ﬁ HLQL OolLTLaL,; /\%){7\,) » Possible link (not examined)
Yo \
'E 5] { A B 11-12
. 'Exouv g€nynBel oL tepdotieg | NSO i S
r ) S o %
HETOPOAEC TNC TIAYKOGHLOG S 78‘24 :
’ I3 I3 5) S~ - ]
Bepuokpaoiag kata tn SlapkeLa . Atmospheric [CO,]

Tov @aVEpOZwLKOL’) al-d)va . Ocean mean === : :\‘;Eo/:l T o SN
(evéexopevwe Ewg kat 40°C); . (temperature 0100 (24%)
Ot Koutsoyiannis et al. (2023) e€€taocav

rbavou unxaviopou arayng, Other processes

EO0WTEPLKOUC TOU KALUATIKOU MV ypadrpoog:
ou O'TI"] HaToC— B)\ Vpdd)n . o amdvtnon oto epwtnua 2 BA. Koutsoyiannis (2006, 2010, 2013). Koutsoyiannis et al. (2023a).
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H aAAayn tou albedo ko n onpacia tov vepou/udpoloyiac

Xpovooeipa albedo (povn ypoppn) ano ta dsdopéva CERES ZUVOALKO KAAopa €ktaonG vepwv (LOVEG YPAMEG) amo To
™G NASA yia tnv e§wtepikn atpoodaipa (top-of-atmosphere, oUvoAo dedopévwv CERES tng NASA, padl LE TLG YPOLMLKEG
TOA), pall pe Tn YPARMKNA TAon (SUTAn ypapupn). TAoELS (SUMTAEG ypAUUEG).
Ma oAOkAnpn tnv nepiodo, n peiwon tou albedo sivat mepimou  H peiwon tou KAAoMATOC TN £KTAONG TWV VEGWV Elval
0,004, nou petadpaletal os 1.4 W/m?2, peyaAitepn ano Tt oupBatr pe TNV mapatnpoupevn peiwon tou albedo. Auto
pnéon Satapaxn tooluyiov (kabapr anoppodoupevn Oev emutpémnel tnv mpoPAsPpotnta. AvtiBeta, eyeipet
EVEPYELA) TNG NG, n omolia, av urtoAoyLotel ano ta Sedopéva MPOCOETA EPWTAMATA, TL.X. TL IPOKAAECE TN HELWON TWV
TOU BepULKOU TIEPLEXOUEVOU TWV WKEAVWY, €lvaL epinou 0.4 vedwv; Qotoco, avadelkvUeL tn onpaoia tov H,0 Kot tnv
W/m? (Koutsoyiannis, 2021). aonuavtotnta tou CO,.
0.31 0.69
‘ [ |
Khion = -0.0019/5ekagtia VeSS | 8
0.68 l::ié"‘l:.l ‘8 iy :i: ,’u
0.30 SR T ".;a:l.‘!l'; Il.'.!:,“ufu { o
< h it it 1 Y 55';-:,.4, HHEHEER b ::,é
— K H -4 L 03 S st ad iy byd o 00 o8 o
% L g k k % 0.67 E ! J;m l‘ |:T I.": :#'El'il' nl‘g#l:l':=
£ o2 =l “ R o S
0 | oo ILTLATIY R T TR
g g PHHe v gL [T (10101 (i1 |
\ Vi
§ S 0.65 l
w I'Invcl'ﬁ) , ]
Mnvn 0.27 ypadnuatog: < , ,
Vpacbr’]“qwcf BSOS 0-64 Pﬁsﬁ&fﬁvrtggs, KAlon =-0.002 / dekaetia
Koutsoyiannis andVournas | ____. Hutba
et al. (2023, (2024, O = = : [pappikn tdon, KAion = -0.002 / dekactia
oe eEAAnVLKn 0.26 eMNVLKA 0.63
uetddpacn). 2000 2005 2010 2015 2020 petddpaon). 2000 2005 2010 2015 2020 2025
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H avtiotpodn tnc attiaknc aAvoidac

Kuptapxn aAAa afaotun attiokn aAvoida (yia To vnTiaywyeiLo):
EMUMtwoeLg Tou
KAl{potog (dnA.

ToU avBpwnivou

AvOpWTILVEG Al0¢non Oépuavon

EKTIOUTTES [CO.] othv s TOU MAavATN
CO, atpoocdapa (av€npévn 7) CO,) oo mévTe*
*ar’ tnv udpoloyla péxpL
TIC IETPEC O0TO VEPPO

Mpotelvopevn awtiakn aAvoida (yLo evAALKEC):

AVBpGoTVE Av¢non Oéppavon tou YépoAoyia ko
sxnggnéc 2P [CO;] otnv nAavntn QAAOL KALpOTIKOL
- atpoodapa (avénuévn T) noapayovteg**
**oL metpec oto vedppo
Ol attiakot ouvdeopol “a’” kat “B” ektipudral otL cupBaAlouv otnv avénon e€atpouvtal

Tou [CO;] o moooota 17% kat 83%, avtiotowa (Koutsoyiannis, 2024f).
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TEALKEC EMONMOAVOELC

H BepeAiwon Tou cUyXpovou KALULOTIKOU OLKOSOUAMATOC TIACXEL OO EOPAAUEVEC
UTtODE0ELC KOl ELKOLOLEC.

H attiakn aAvoida mou npowBeital amod tTnv Kuplapxn emiotiun eivat apeAng kot
AavBaopevn.

Y€ EMLOTNHOVLKOUC OPOUC, N TEPLMTWON TNG HEYAAOTIONUEVNC onpaoiag tou CO,, N
gotioon OTLC AVOPWTILVEG EKTTOUTIEG TOU KOl N TTAPAUEANCN TWV PUCIKWVY eKTTOUTTWY CO,,
TIoU €ival ~25 dopEc peyaAUtepeC, amoteAoUV LOTOPLKO ATUXNHOL.

AUTO TO aTUXNUa aELoTIOLONKE OE N ETILOTNMOVLKEC (TTOALTLKOOLKOVOULKEG) OKOTILLOTNTES —
W¢ ETL TO TAELOTOV OKOTELVEG.

Y& MOAUTIAOKO CUOTNHOTA, Ta SESOUEVA ATIO APATNPROELS ATTOTEAOUV TO HOVO
ETILOTNMOVLKO £pyaleio eAEyxou yla Tn Slatunwon unoBEoewy Kal tnv afloAdoynon tng
EYKUPOTNTAC TOUC.

Ta dedopéva Tou MPAYUATIKOU KOOHOU gV oUUdWVOUV HE TNV Kuplapxn «KALLOTIKA
grmotAun» (eupnuiopog yla tn codloteia).

Tol AMOTEAECATO TIOU TIOLPOUCLA0A ELVOLL ETILOTNHOVLKA KOl ETOUEVWE UTTOPEL va. NV €XOUV
oX€on UE TO adAynHa YLa TO KALLA, TO OTTOL0 EXEL LN ETILOTNMOVLKO OTO)O.
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Mpotaon yLa pio MPOayHOTIKA LeyaAn avatoén:
ATO tn oUYXPOVIN MOPOKMN OTLC KAQGLKECG QELEC

Aitia TnG oLyXpovne MAPAKHAG:

O moAttlopog dev eival kATl Epduto N APOapPTO —TPETEL VAL ATTOKTATOL
EK VEOU OO KAOe yevia, kal kaBe coPapn dtakomn otn xpnuoatodotnon n
TN pnetadoon tou pmopei va tov odnynoet oto téAo¢ tou. O avBpwrog
StadEpel amod to Onpilo povo Aoyw tng matdeiag, n omola pmopel va
OpPLOTEL WC N TEXVLKN LETAS0ONC TOU TIOALTIOUOU.

(Will Durant, 1885 - 1981, ocuyypadéac tng 11tounc lotopiag tou MoAttiopov)

KAaowkec agiec:
b ocodpolpev avev paAakiog
(MepkAng, 430 1.X. otov Emttato ou mapatiBetal ano tov Oouvkudidbn —

Ooukudibou Zuyypawn— yla TouC IPWTOUC VEKPOUC Tou lNeAomovvnaolokou
TLOAEOU)
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Napaptnuo: Mepika dedopéva yia tnv
EAAGOQ




H kataoctpodoloyia Sev MPOKUMTEL KOV OLTTO TNV «KOLOLEPWHEVN»
emiotpn (6A6. tn codloteia) - e

7

------ Méon Tiur KALOTIKWV HovTéEAwvCMIPE
6

m  Ta Staypappato Ssixvouv tnv e€€ALEN TwV
Bpoxomtwoewv otnv EAAada (cuvoAikni
EKTOLON, LNVLIOLEC KAl ETAOLEG XPOVOOELPECQ)
amno enavavailvon (adopolwon PETPNTIKWY
dedopEVWY OE PETEWPOAOYLKA HOVTEAQ), N
OTIOLOl ATTOTUTIWVEL TNV TIPAYHOTIKOTNTA.

Méon nuepnota Bpoxomrwaon ava piva
w ey

m H enmavavaluon ERAS (tou European Centre 0
. 1950 1960 1970 1980 1990 2000 2010 2020
for Medium-Range Weather Forecasts) 3
Oeiyxvel SLOKUPAVOELC TwV BPOXOTITWOEWY
XWPLC KarmoLa Taon.

2.5

m Eniong yivetat olykplon tng
TPAYLATIKOTNTOG LE OMOTEAEC AT
KALLOTIKWVY LOVTEAWV.

,"o,\,s

1.5

AL "SR RS

L/
oV, -
- \\'- LALTAR

LA —"- PIWZN KN
LR R S XA P AR TS A td

Mnyn kot emegepyaciao SeSopévwy:
http://climexp.knmi.nl/. Tot

m AKOMN KL av SEXTOUHE WG TA KALLOTIKA oTOTENEOHATA KALLATIKGY HOVEEAWY
0.5 avagpepovrat oto CMIP6 yia to

|J.0V'Cé}\(1 éXOUV Gxéon ue tnv = = = » Méon T KAPATIKWY HovTEAwv CMIP6 0'€Vdpl.0 SSP2-4.5
TpAyHATIKOTNTA, IOV £lval o Kivéuvog; °

EnavavdAuon ERAS

Méon nuepriola Bpoxdmtwaon avd £Tog

1950 1960 1970 1980 1990 2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100
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H emotAun Ko n

2.5

Etiola tiun
KAtpotikr) tpr (MT 30etiag)
——— KaBoAKr| LEon TIUA

KaBoAkd péytotn
T 2.1 mm (1886)

’ ’ 2 b ¢ — — —Ipayud Téon: 0 mm/10etic
texvoAoyia Bacifovtal o€ : - e
[ 4 [ 4 E 1.5
OE6OHEVA HETPNOEWV g /\AAMN /\/\A b\ M Ladt sl
= H ABriva SlabEtel XpovooeLpeg prkoug £ \] ”V' WU\/ v \/ W V\A]VV' VV VT
160 gTwv, IOV UTTOSELKVUOUV 2 s
aouvndlotn KAlLOTIKY) otaBepotnta. £ tabonss o
[ | Tr]V TE)\EUTQ{,Q 308'[(,(1 68V UT[deE[_ 01860 1880 1900 1920 1940 1960 1980. 2000 2020
KATIOLO a€LOCNELWTO YEYOVOC. 0| katondpepom o —
— 140 | “H11502mm (1500) = KAtpoTiri Ty (MT 30etiarg)
= To peyolAUtepo otnv LoTopia ETACL0 & Sk e et
U oc Bpoxng onUeELWONKE TO S o
LSpPOoAOYLKO £TOG 1885-86, evw TO g
HikpSTEPO TO 1989-90. [ mﬁh | | [\A
m To PeEYAAUTEPO OTNV LOTOPLA NUEPAOLO § 0 NV\”L kil v\/ =
Oog Bpoxrig, 150.2 mm/d, § » iy o
Onl‘ls lwenKE OTO terq TOU 190U 01860 1880 1900 1920 1940 1960 1980 2000 2020
OLLUL)VOL (1899'1900) . Mpocapuoyn and: Koutsoyiannis et al. (2023b)
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XPOVLIKN KOTOVOHUN TWV PEKOP MEYLOTOU NUEPNOLOU
U ouc Bpoxng o€ 238 octaBoUC TNC XWPOLG

m H kotavoun

} 600 PY
glvaln 5
’ S~
O“EOLTLOTL’K(I E 500
OVOUEVOUEVN o L)
(IEEOUPEUFI n g 400 o ® ¢
EMeWn pexkop v °
v Tpietia S a0 % P * 0
1982-83 éwg > ? o o )f
o ¢ ot
1984-85). B 200 3 .
Q
m Aevumapyouv = *
afloonpeiwta § 1% ¢
KALLOTLKAL &
’ 0
O'U[J.BQVTQ. 1940 1950 1960 1970 1980 1990 2000 2010

Mpocapuoyn anod: Koutsoyiannis et al. (2023b)

2020
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XPOVIKA KATOVOUN TWV PEKOP LECOU NHEPAGLOV
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