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Klimawandel und Nachhaltige Transformation im Fokus
Uni Graz Profilbildender Bereich Climate Change Graz: We work for tomorrow
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Low Carbon Transition — a planetary management challenge 2021 to 2050...

[Kaushik et al., Carbon Cycle & Changing Climate,
Kirchengast Keynote Klima-FORSITE Fachtagung - Graz, 10.3.2022 EOS, 20201 insert ﬁ933 dreamstimepics—dl.2021]



Carbon Management— a new solution framework to help meet this challenge...

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

[Kirchengast et al., GCCI/WEGC, 2021;

GCCI-GHG Emissions Monitoring: www.gcci.earth/gem]
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Why care? — Hard physics facts from rising GHGs via Earth’s
Energy Imbalance to Global Warming and Climate Change...

GHG drivers, radiative forcing, Earth’s energy imbalance (EEI), global warming, climate change,...

Where does the Energy go? — the excess energy of ~0.8 Im?s? (~13 ZJ/yr) due to the EEI ?

Core—the TOA imbalance:

ANegy = AFgge — |op|-A T

[upper left: NOAA, 2020; other panels: v.Schuckmann et al., 2016 & 2020; insert equ.: Kirchengast, WEGC, 2020;
more info online > Kirchengast et al., WEGC, 2021 - GCCI-Climate Warming Monitoring: www.gcci.earth/cwm]
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Why care? — Hard physics facts from rising GHGs via Earth’s
Energy Imbalance to Global Warming and Climate Change...

GHG drivers, radiative forcing, Earth’s energy imbalance (EEI), global warming, climate change,...

Where does the Energy go? — the excess energy of ~0.8 Im?s? (~13 ZJ/yr) due to the EEI ?

[Kirchengast & Thalassinos, AGU Pres, 2021]

Core—the TOA imbalance:

ANgg) = AFgre— |0p|-A T

[upper left: NOAA, 2020; other panels: v.Schuckmann ¢t al., 2016 & 2020; insert equ.: Kirchengast, WEGC, 2020;
more info online > Kirchengast et al., WEGC, 2021 { GCCI-Climate Warming Monitoring: www.gcci.earth/cwm]
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Why care? — Hard physics facts from rising GHGs via Earth’s
Energy Imbalance to Global Warming and Climate Change...

GHG drivers, radiative forcing, Earth’s energy imbalance (EEI), global warming, climate change,...

Where does the Energy go? — the excess energy of ~0.8 Im?s? (~13 ZJ/yr) due to the EEI ?

[Kirchengast & Thalassinos, AGU Pres, 2021]

Core—the TOA imbalance:

ANgg = AFgge— |op |- AT

[upper left: NOAA, 2020; other panels: v.Schuckmann gt al., 2016 & 2020; insert equ.: Kirchengast, WEGC, 2020;
more info online > Kirchengast et al., WEGC, 2021 {GCCI-Climate Warming Monitoring: www.gcci.earth/cwm]
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Facts—climate change is going on and on strongly...
Memorable year 2020: global warming AT reaches ~1.2°C

e Global Warming: Increase of the global mean surface-airtemperature AT by ~1.2°C
in 2020 relative to preindustrial times (represented by Mean[1850-1900])

2020 ~14,8°C

ﬁlIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII---- ------ ~13I60C
1850-1900

(based on https://public.wmo.int/en/our-mandate/climate/wmo-statement-state-of-global-climate, WMO, 2021; annotations, WEGC, 2021)
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Facts—the clearest fingerprint of climate change...
Memorable 2020: Ocean Heat Content (to 2 km depth) reaches ~3502ZJ

 Ocean warming: 2020 again more than 13 ZJ excess heat added into the oceans; about
90% of the excess energy AN, is stored in the oceans (near 400*102! Joule since 1960)

2020

+350 Trillion
Gigaloules of
Heat Energy
(accumulated
since the 1960s)

1961-1980

[Cheng et al., Adv Atmos Sci, 2021; annotations: WEGC, 2021]
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Facts—the clearest fingerprint of climate change...
Memorable 2020: Ocean Heat Content (to 2 km depth) reaches ~3502ZJ

 Ocean warming: 2020 again more than 13 ZJ excess heat added into the oceans; about
90% of the excess energy AN, is stored in the oceans (near 400*102! Joule since 1960)

2020

[Kirchengast & Thalassinos, AGU Pres, 2021]

50 Trillion
igaJoules of
edt Energy
(hcqumulated
nde the 1960s)

1961-1980

[Cheng et al., Adv Atmos Sci, 2021; annotations: WEGC, 2021]
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Main statement in recent IPCC(-AR6-WGI) assessment report (1)

Kirchengast Keynote Klima- FORSITE Fachtagung - Graz, 10.3.2022
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Attribution of human influence — our influence clearly drives the change

Attribution fingerprints — characteristic patterns for different climate change drivers
* Observed temperature change AT (black) cannot be explained by natural causes only (green)
* It can only be explained by including anthropogenic forcings (greenhouse gases, aerosols) (brown)

(IPCC-AR6-WGI 2021, Fig. SPM.1)
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Main statement in recent IPCC(-AR6-WGI) assessment report (2)

Kirchengast Keynote Klima- FORSITE Fachtagung - Graz, 10.3.2022
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Time to act — Cumulation of CO, emissions needs to end near 2050

* Every additional ton of CO, (and other GHG) emissions contributes to global warming

(IPCC-AR6-WGI 2021, Fig. SPM.10)
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Time to acti— Cumulation of CO, emissions needs to end near 2050

» Every additional ton of CO, (and other GHG) emissions contributes to global warming

Global

[Kirchengast & Thalassinos, WEGC, 2022]

(IPCC-AR6-WGI 2021, Fig. SPM.10)
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Time to act — Avoid High Risks and Irreversible Changes

e Paris 2015 Climate Agreement— Countries pledge to keep global warming
well below 2°C, aiming for 1.5°C to avoid risks & irreversible disruptions

Kein Klimaschutz > 4°C

Klimaschutz < 1.5-2°C

(IPCC-AR6-WGII 2022, Fig. SPM.3/1)
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Time to act — Avoid High Risks and Irreversible Changes

e Paris 2015 Climate Agreement— Countries pledge to keep global warming
well below 2°C, aiming for 1.5°C to avoid risks & irreversible disruptions

= Zahlreiche Studien unterstreichen diese Paris-Zielsetzung klar.

[Schellnhuber et al., 2016]

(IPCC-AR6-WGII 2022, Fig.SPM.3/1)
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How to care? — Reach deep reduction rates of at least 7%/year
Demands “social tipping”, fast social&tech changes, Action,...

...overplotted below, as a country example,

a reduction rate path for Austria (red arrow)
given 1000 MtCO.eq as its total 2017-2050
budget (550 MtCO,eq over 2021-2030), which
corresponds to at least “halving per decade”.

[Otto et al., PNAS, 2020]

(Budgetused by AT is ~315 MtCO,eq for 2017-2020)

—-20%

_ _ (Kirchengast et al. WEGC RB1-2021; online via www.carbmanage.earth,
Kirchengast Keynote Klima- FORSITE Fachtagung - Graz, 10.3.2022 direct-link httDS//dOlOl’q/1025364/2320211)
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Turning to Action—example country Austria: Which reduction
targets here? The 1.5°C-oriented 1000 MtCO,eq AT 2017-2050 budget
requires at least “halving per decade” until 2030 and over 90 %
reduction to be achieved near 2040, in accordance with

the European Green Deal climate goals...

[Kirchengast et al., Ref-NEKP, 2019; online via http://ccca.ac.at/refnekp; 2021 update-statement online via www.wegcenter.at/downloads/2021]
(Kirchengast et al. WEGC RB1-2021; online via www.carbmanage.earth, direct-link https://doi.org/10.25364/23.2021.1)
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What can support effective Actionin Austria and any other country?

Carbon Management (CM) at all public and private action levels
The 1000 MtCO,eq AT total leads to manage a decadal 2021-2030 budget
of max.550 MitCO,eq => reduction by at least 57% in 2030 vs Ref.2020.

THG Emissionen Osterreich 2010 2017 2020 2030

inkl. Landnutzungssektor ("LULUCF" 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 " " " " " " " " " "

[Millionen Tonnen CO2eq / Jahr]
ReflEKP+ THG Gesamtemissionspfad 843 821 794 798 762 785 795 818 41,20 36,70
THG Netto-Emissionspfad (inkl. LM) 786 760 740 753 719 743 T55 T7A ) ) i ) ) i ) ) ) ) i 37,80 3345
Differenz Gesamt-minus-Netto (=LN) 57 6,1 55 45 4.4 472 4.0 47 5.1 46 46 445 422 406 391 377 375 365 354 340 325
THG Netto-Emissionspfad (inkl. LN+) GHG scenario data incl LU 2017-2050 for GCClv1.2: _ 7712 7350 7521 6903 7575 7098 6614 6119 5623 5125 4645 4176 3720 3275
C-Speicherung LN+ (Oiff. d. LN LN+ Pfade) 0.00 0.00 0.00 0.00 0,00 0.00 0.00 0.10 0.20 0.30 0.40 0.50 0,60 0.70
Jahrzehnt-Nettoreferenzbudget 2011-2020: 741 .83
THG Gesamtbudgets (div. Zeitperioden) Gesamtbudgetverbrauch 2017-2020: 3 99 Jahrzehnt-Gesamtbudget 2021-2030: i 5805
THG Nettobudgets (div. Zeitperioden) Nettobudgetverbrauch 2017-2020: 2 5 Jahrzehnt-Nettobudget 2021-2030:f 5397
C-Speicherung LN (Differenz der Budgets) C-Speicherung Landnutzung (LMN) 2017-2020: 19, C-Speicherung LN 2021-2030: 40,8
Linearpfad-Budget 2020er -4.5 Mt/Jahr (Ref. 2020=THG Emissionsmenge 1990) '?&92 6942 6492 6042 5592 5142 46082 4242 3792 3342
und danach 2030er -3.4 Mt/Jahr 9 TSAM Ref.2020/Em.1990 - 33.4Mt 2030 Linearpfad Jahrzehntbudget 2021-2030;| 5367
Vaorschlag Maximalbudget 2020er-Jahre \ Jahrzehnt-Maximalbudget 2021-2030] 550,0
|

= 2050

r r r r

Decadal Budget 2021-2030

3230 2800 24 o 355
—_— —
2894 2454 20 max. 550 M tcozeq 9 380

336 346 355 363 371 331 289 249 210 |0 Luo  usy ups  uer  uull 024
2834 2404 2008 1656 13,39 1063 819 630 480 145 121 097 073 049 030

0.60 0.50 0.50 0.40 0.30 0.70 1.10 1,50 1.90 2,60 2,70 2,75 2,80 2,95 3.10 3.25 3.40 3.50

78,3 Redulction If. Gesamtemissionspfad bliebe dber Maximalbudget ’B,” Janrzenni-Gesamtbudget 2031-2040  Gesamt-Restbudget 2041-2050: " 51 )

72,8 |Budget 2020er-Jahre ist 73% des Referenzbudgets der 2010er-Jahre 136,0 :Jahrzehnt-Nettobudget 2031-2040 Netto-Restbudget 2041-2050; 141
40,0 :C-Speicherung LM 2031-2040 C-Speicherung LN 2041-2050 3r4d

3002 2662 2322 1982 1642 1302 962 622 282 -058 Total budget Gesamtbudget 2017-2050 1 1220
72.3]  33.4Mt Ref 2030 - -0.6Mt 2040 Linearpfad Jahrzehntbudget 2031-2040:] 1472 6839 9788 Gesamt-Nettobudget 2017-2050:| 9847
74,1 |Maximalbudget 2020er-Jahre ist 74% des Budgets der 2010er-Jahre C-Speicherung LN gesamt 2017-2050:  137.3

[Kirchengast-Steininger, WEGC, 2021; statement on
THG budget at www.wegcenter.at/downloads/2021]

(Kirchengast et al. WEGC RB1-2021; online via www.carbmanage.earth, direct-link https://doi.org/10.25364/23.2021.1)
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[Kirchengast et al., CM/WEGC, 2021; CM online (hub): www.carbmanage.earth, PCM: www.pubcarb.earth]

Carbon Management
a solution framework
for effective climate

action compliant with
the Paris climate goals...

Kirchengast Keynote Klima-FORSITE Fachtagung - Graz, 10.3.2022 21
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Carbon Management, with focus on Public

Carbon Management as first example...

22



Carbon Management (CM) summary: intro explanations
The CM approach and overall Decision Support workflow (CMDSflow)

Carbon Management supports public and private entities to:
(1) define Actors & Action Areas (country/states, emission sectors)
(2) compute GHG Reference Budget (“Reference Budget 2020“)

(3) adopt Reduction Target Path (setting 2030, 2040, 2050 goals)
(4) prepare Actions & Measures and quantify them (“ACTs for AlMs*)
(5) set up Quarterly & Annual Emissions Monitoring (aids decisions)

(6) implement a dynamical Decision Support Workflow (CMDSflow)
for integrated overall CM guidance

(Kirchengast et al. WEGC RB1-2021; link https://doi.org/10.25364/23.2021.1)

Kirchengast Keynote Klima- FORSITE Fachtagung - Graz, 10.3.2022
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Summary of Carbon Management (CM) with focus on PCM
CM approach and PCM-focused Decision Support workflow (CMDSflow)

“PCM, ICM, pCM: PubCarb — carbsmart to Paris.” ©

Country Budget & Target Paths

Climate Policy-
informed ACTs

Emissions/ktCO,eq
in Action Areas
(Intra-)Governmental (AAs) structure
Actors (As) structure

As-AAs data matrices,
containing the AIM/ABM
etc. (emission) data of
Actors vs Action Areas

CMDSflow—focus PCM GHGs Monitoring vs Time & As-AAs

[Kirchengast et al., CM/IWEGC, 2021; www.carbmanage.earth, PCM: www.pubcarb.earth,
GCCI-GHG Emissions Monitoring: www.gcci.earth/gem, focus Austria: www.gcci.at/gem]

(Kirchengast et al. WEGC RB1-2021; online via www.carbmanage.earth, direct-link https://doi.org/10.25364/23.2021.1)

Kirchengast Keynote Klima- FORSITE Fachtagung - Graz, 10.3.2022
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PCM Austria Actors (As) structure, CL-SU-DU levels

Notes: CL ... Austria total, SU ... State Units (9 federal states), DU ... District Units (116 districts total in AT)

(Kirchengast et al. WEGC RB1-2021; online via www.carbmanage.earth, direct-link https://doi.org/10.25364/23.2021.1)

Kirchengast Keynote Klima- FORSITE Fachtagung - Graz, 10.3.2022
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PCM Austria Action Areas (AAs) structure, CL-AF-AS-EG levels

Notes: CLE ... Austrian total emissions, PCM Austria adopted 12 ASs in the 4 AFs, with in total 38 EGs (subdivs not shown).

(Kirchengast et al. WEGC RB1-2021; online via www.carbmanage.earth, direct-link https://doi.org/10.25364/23.2021.1)

Kirchengast Keynote Klima- FORSITE Fachtagung - Graz, 10.3.2022
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PCM Austria Actorsvs.Action Areas (emission)data matrix

Notes: CLO-CLEO Cell for Austrian total emissions, As x AAs detailed 126 x 55 matrix illustrated as EG-summed matrix.

Medium-detailed
PCM Austria As-AAs
Reporting Matrix
example, containing
illustrative Austrian
production-based
emission data (with
no real data at DU
level available) for
exemplary Actors
and Action Areas

down to ASs. Proxy
data source: uba, 2020.

(Kirchengast et al. WEGC RB1-2021; online via www.carbmanage.earth, direct-link https://doi.org/10.25364/23.2021.1)
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PCM Austria DU Actors geographic GHGs monitoring view

DataView: Austrian total emissions, proxy-distributed across the 116 DUs (districts) from the 9 SUs (states) of Austria.

Graphical DataView
of illustrative PCM
Austria CLEO column
data as monitoring
example, containing
proxy emission data
informingall Actors
down to DUs. Proxy
data source: STATA, 2020
(DUs populationsize data
usedforequal-perperson
redistribution of CLE0 120
MtCO2eq AT total).

[Kirchengast et al./see also this data portal: GCCI-GHG Emissions Monitoring Austria www.gcci.at/gem]

(Kirchengast et al. WEGC RB1-2021; online via www.carbmanage.earth, direct-link https://doi.org/10.25364/23.2021.1)

Kirchengast Keynote Klima- FORSITE Fachtagung - Graz, 10.3.2022
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PCM Austria Action Areas (AAs) structure—Example Focus CM&S...

Notes: CLE ... Austrian total emissions, PCM AT shown with 12 ASs in the 4 AFs, with in total 38 EGs (subdivs not shown).

CM&S in agri&forestry land use is key!

(Kirchengast et al. WEGC RB1-2021;
online via www.carbmanage.earth,
direct-link https://doi.org/10.25364/23.2021.1)

Kirchengast Keynote Klima-FORSITE Fachtagung - Graz, 10.3.2022 29



http://www.carbmanage.earth/
https://doi.org/10.25364/23.2021.1

CM and Storage scientific basis (1): Which viable land-based GHG
removal capacity do we have? => Nature-based climate solutions

(Griscom et al. PNAS 2017)

[based on slide of P Smith, U Aberdeen, UK; from U Graz Keynote 2021]

Kirchengast Keynote Klima- FORSITE Fachtagung - Graz, 10.3.2022
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https://doi.org/10.1073/pnas.1710465114

CM and Storage scientific basis (2): Agriculture and Forestry, to be
long-term sustainable, requires CM&S by Nature-based Solutions

Kirchengast Keynote Klima- FORSITE Fachtagung - Graz, 10.3.2022

Cautionary Remarks:

Not all land-based GHG
removal options are
automatically Nature-based
Solutions.

Some are inherently not
Nature-based, and some can
be implemented in ways
that do not constitute
Nature-based Solutions
Wherever possible, land-
based GHG removal options
need be implementedin a
way that constitutes
Nature-based Solutions

(Seddon et al. Global Change Biology 2021)

[based on slide of P Smith, U Aberdeen, UK; from U Graz Keynote 2021]
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(100% corresponds to ~5000 MtCOeq in 1990)

(EU Commission 09/2020—COM(2020) 562 final
& Accompanying Docu. SWD(2020) 176 final)

Kirchengast Keynote Klima- FORSITE Fachtagung - Graz, 10.3.2022

...from the EU 2030 Climate Target Plan: the
‘AFOLU sector’ needs Agri & Forestry CM as
essential element to reach its contribution...
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Carbon Management, Uni Graz Institutional

Carbon Management as second example...
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ICM UniGraz Actors (As) structure definition, IL-OU-BU levels

Notes: IL...Uni Graz total, OU...Organization Units (6 Faculties, 1 Adm.Dpt), BU ... Basic Units (21 Sci.Branches, 5 Adm.Div.)

[Kirchengast et al., ICM UniGraz/WEGC, 2021]

Kirchengast Keynote Klima- FORSITE Fachtagung - Graz, 10.3.2022
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ICM UniGraz Action Areas (AAs) definition, IL-AF-AS-EG levels

Notes: ILE ... Uni Graz total emissions, ICM UniGraz adopted 11 ASs in the 4 AFs, with in total 30 EGs (subdivs not shown).

[Kirchengast et al., ICM UniGraz/WEGC, 2021]

Kirchengast Keynote Klima- FORSITE Fachtagung - Graz, 10.3.2022
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ICM UniGraz Actorsvs.Action Areas (emission) data matrix

Notes: ILO-ILEO Cell for UniGraz total (emission) data, As x AAs in detailed matrix 34x46, in summary matrix 8x 16.

Example of As-AAs
Summary Data
Matrix focusing
on high-level
Actorsand

Action Areas
(noBUs, EGs).

Kirchengast Keynote Klima- FORSITE Fachtagung - Graz, 10.3.2022

Detailed As-AAs
Reporting Matrix
containingthe
(emission) data

of all Actors and
Action Areasdown
toincl.BUs & EGs.

[Kirchengast et al., ICM UniGraz/WEGC, 2021]
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ICM UniGraz CMRB2020-RefBudgetvl.1 IL total & AF results

DataView: UniGraz total emissions, as partitioned across the four ILO AFs in percentages as well as absolute amounts

[Danzer et al., ICM UniGraz/WEGC, 2022]

Kirchengast Keynote Klima- FORSITE Fachtagung - Graz, 10.3.2022
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ICM UniGraz RefBudgetvl.1 & Emissions2020v1.1 Results

DataView: ILO UniGraz emissions, as aggregated from As-AAs Summary Data Matrix (datafor 11 main ASs/EGs & AF4)

[Danzer et al., ICM UniGraz/WEGC, 2022]

Kirchengast Keynote Klima- FORSITE Fachtagung - Graz, 10.3.2022

38




ICM UniGraz exemplary Reduction Target Paths to 2030, 2040

Climate-neutrality as of 2040 based on CM68-Reduce & ICM32-Store paths, starting from the CMRB2020-RefBudgetvl.1

[Kirchengast et al., ICM UniGraz/WEGC, 2022]

Kirchengast Keynote Klima- FORSITE Fachtagung - Graz, 10.3.2022
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Carbon Management— a solution framework to help meet the Paris challenge

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

[Kirchengast et al., GCCI/WEGC, 2021;

GCCI-GHG Emissions Monitoring: www.gcci.earth/gem]

Kirchengast Keynote Klima- FORSITE Fachtagung - Graz, 10.3.2022
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Mobgliche Motivation

Es gern tun, weil ich die
Erde und die Menschen
gern habe. Und well die
grosse Herausforderung
eine grosse Chance auf
eine bessere Zukunft far
mich und uns alle zuhause
und weltwelt Ist.

Unser Verstand und unser
Herz sagen dann: Ja, gern/!

[Felix Kirc., 2003]

(Gedicht \Erde... lieber Stern‘)  iichengast weec, 2010



Motivation—gern tun und das 1,5°C Ziel erreichen!

Wir alle brauchen Verstand,
Mut und Herz. Meistens
r davon. Gonnen wir
gern mehr davon!

Danke fur Inre
Aufmerksamk

eit! ©
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