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[Kaushik et al., Carbon Cycle & Changing Climate,
EOS, 2020; insert figs: dreamstimepics-dl.2021]Kirchengast – KSK&Klimawandel – Veranst. Balance CO2 – 14 Okt 2025

Die Klimaschutz-Herausforderung: Übergang zu Netto-Null CO2-Emissionen bis etwa 2050…
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[Kaushik et al., Carbon Cycle & Changing Climate,
EOS, 2020; insert figs: dreamstimepics-dl.2021]

[from Otto et al., Transition4Climate−Exploring Climate Change and Low Carbon Transition Pathways, COEprop, 2022]

A quantitative intro look at the challenge of low carbon transition pathways…

[Note: Kirchengast et al., WEGC, 2024: such emissions data, and carbon budget-based ‘path2Paris‘ scenarios, are part of GCCIv2 in gcci.earth/gem]
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Die Klimaschutz-Herausforderung: Übergang zu Netto-Null CO2-Emissionen bis etwa 2050…

https://gcci.earth/gem
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[Kaushik et al., Carbon Cycle & Changing Climate,
EOS, 2020; insert figs: dreamstimepics-dl.2021]Kirchengast – KSK&Klimawandel – Veranst. Balance CO2 – 14 Okt 2025

[Beispiel Deutschland | Daten Umweltbundesamt DE; nach Liebner et al.,
Mehr gegen Methanemissionen tun, TERENO-NL 1/2025 S.3-4, 2025]

Die Klimaschutz-Herausforderung: Übergang zu Netto-Null CO2-Emissionen bis etwa 2050…

https://www.tereno.net/joomla4/images/Newsletter/Newsletter_pdf_GER/TERENO-Newsletter_2025-1_deu.pdf


Over the most recent decade (2014-2023), and 2024 again, CO2

emissions still rose higher than in any decade before – Quo Vadis?

[GCP-Global Carbon Project, 2024]

(land use change emissions add about 10% to the

fossil-fuel&cement CO2 emissions shown)

Where does the Carbon go? – especially 
the anthropogenic emissions of ~40GtCO2/yr
that arise mainly from fossil fuel use?

(~47% stay in atmosphere, ~25% go to oceans, ~28% to land)
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CO2-Kreislauf & Klimawandel: Wo gehen die menschengemachten CO2-Emissionen hin? (1)

[fig. for illustration; for newest budget data 2014-2023 see next slide]

(perturbation part caused
by anthropogenic activities)

http://www.globalcarbonproject.org/carbonbudget/


Where does the carbon go? – the anthropogenic CO2 emissions of ~40 GtCO2 per year?

Perturbation of the global carbon cycle caused by anthropogenic
activities; global annual average for the decade 2014–2023 (GtCO2/yr)

The budget imbalance is the difference between the estimated emissions and sinks. 
Source: Friedlingstein et al 2024; Global Carbon Project 2024
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CO2-Kreislauf & Klimawandel: Wo gehen die menschengemachten CO2-Emissionen hin? (2)

https://essd.copernicus.org/preprints/essd-2024-519
http://www.globalcarbonproject.org/carbonbudget/


[IPCC AR6 WGI Report, 2021]

Where does the carbon go?
The CO2 concentration in the atmosphere and the oceans is strongly increasing

[Fischer et al., 2018]

[WMO GHG Bull., 2024]

(CO2 increase 1965 to 2023
of ~100 ppm; ~50% vs PInd)

[NOAA GML Web, 2024]
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CO2-Kreislauf & Klimawandel: Wo gehen die menschengemachten CO2-Emissionen hin? (3)

[Note: such CO2 concentration data (and CO2-equivalent concentration data),
from 1960 to the present, are part of GCCIv2 in gcci.earth/cwm; variable
https://gcci.earth/global/cwm/?var=GHG-annual-concentrations]

https://gcci.earth/cwm
https://gcci.earth/global/cwm/?var=GHG-annual-concentrations
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Die Schlüsselfrage: Welche Netto-Null CO2-Emissionen stoppen die globale Erwärmung?

[Allen et al., Nature, 2025]

https://doi.org/10.1038/s41586-024-08326-8


Turning to action: CO2 emissions need to reach Net-Zero near 2050
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(IPCC-AR6-WGIII 2022, Fig. SPM.5)

2050 2050

SSP1-1.9

SSP1-1.9

Perspektiven: Was lernen wir für den Klimaschutz?
Climate action: novel approaches to fair contributions to reach the Paris goals…
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Frame the action: Carbon budgets need be allocated in a fair manner
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(IPCC-AR6-WGIII 2022, Fig. SPM.5)

2050 2050

SSP1-1.9

https://doi.org/10.1016/j.gloenvcha.2022.102481 (March 2022)

Remaining CO2 budget availability across countries for different 

sharing principles (EPC…Equal-per-capita, PCC…Per-capita-convergence)

[Note: Kirchengast et al., WEGC, 2024: such carbon budget-based ‘paths2Paris‘ are part of GCCIv2 in gcci.earth/gem]Kirchengast – KSK&Klimawandel – Veranst. Balance CO2 – 14 Okt 2025

Perspektiven: Was lernen wir für den Klimaschutz?
Climate action: novel approaches to fair contributions to reach the Paris goals…

https://doi.org/10.1016/j.gloenvcha.2022.102481
https://gcci.earth/gem


Go for the Action–Beispiel Österreich: Welche Reduktionsziele hier?
A 1.5°C-oriented max.1000 MtCO2eq 2017-2050 budget requires GHG 

emission reductions of more than 55% until 2030 and over 90% to

be achieved near 2040, in accordance with the

European Green Deal and Paris climate goals…

10

11 von 3

[Kirchengast et al., Ref-NEKP, 2019; online via ccca.ac.at/refnekp; Kirchengast-Steininger THG statement online via wegcenter.uni-graz.at/downloads/2022]

(Kirchengast et al. WEGC RB1-2021; direct-link https://doi.org/10.25364/23.2021.1; online intro-infos via wegcenter.uni-graz.at/carbon-management)
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[Anm.: aktuelle THG-Emissionsdaten für Österreich, von 1990 bis 2024 und mit Zielpfaden bis 2050, sind als Teil von GCCIv2 via
gcci.at/gem verfügbar; Direktlink zur Variable: gcci.earth/austria/gem/?var=GHG-annual-emissions]

https://ccca.ac.at/refnekp
https://wegcenter.uni-graz.at/en/resources/memos-statements/#c621865
https://doi.org/10.25364/23.2021.1
https://wegcenter.uni-graz.at/carbon-management
https://gcci.at/gem
https://gcci.earth/austria/gem/?var=GHG-annual-emissions
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Carbon Management (CM): ein neuer Lösungsansatz zur Erreichung der Pariser Klimaziele…

[Kirchengast et al., CM/WEGC, 2021; CM online (hub): carbmanage.earth,
PCM: pubcarb.earth, ICM: wecarb.earth, pCM: youcarb.earth]

[Kirchengast et al. WEGC RB1-2021; accessible online (including individual-sections access) via https://doi.org/10.25364/23.2021.1;
Wegener Center CM website –entry page: wegcenter.uni-graz.at/carbon-management]

[Kirchengast et al., GCCI/WEGC, 2024; GCCI Emissions Monitoring: gcci.earth/gem]

Kirchengast – KSK&Klimawandel – Veranst. Balance CO2 – 14 Okt 2025

https://carbmanage.earth/
https://pubcarb.earth/
https://wecarb.earth/
https://youcarb.earth/
https://doi.org/10.25364/23.2021.1
https://wegcenter.uni-graz.at/carbon-management
https://gcci.earth/gem


“Wir alle brauchen Verstand, 

Mut und Herz. Meistens mehr 

davon. Gönnen wir uns gern

mehr davon!”


 !!
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=> FACT: der aktuelle Wissensstand zum Kohlenstoffkreislauf und

Klimawandel liefert starke Fakten wie nie – daher ernst nehmen:

Klimaschutz zur Erreichung der Pariser Klimaziele ist essenziell!
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