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What is OSCAR?

= A simple (or reduced-complexity) Earth system

model whose modules are calibrated to emulate [ Ewncor —p e | \\
. === / Surf. ocean T &
the behavior of complex models ey [ = | [pe— o
. ) . ) : --- " Deep ocean : 31ha1o —
= Fairly simple: 155 equations, 23 state variables, (ol — | T il - |
S q RF CHa
198 parameters (although many are defined along ':E;l‘“_“-a'j-: ; Ll R i . ar, :
Eanth RF H20s
extra dimensions) it ! |
|- E:ﬂh BC_ 1 A RF 03,5 |
= Running time: 20-60 min for ~1000 realizations of R e o) of R 0s :
. . . . -——— - POA AP,
a historical simulation on a desktop computer e | : = — RE.20A |
e Wetlands RF SOA ABeg I
- L] L] - - e \ 1
= Basic inputs: emissions of anthropogenic GHGs . — permarost :
) . pomp—— : OHC
and other active species, land-use change data e | '\ Bepis In
,-——- i - BC RF BC
= Basic outputs: global temperature change (no L _ 7%
IAV), any intermediate variable (most of them : Y Nt
LUC Harvest Shifting ‘ RFcontrails RFvolcanoes RFsolar
global) | i
n Code (|n python) open-source: Overview of OSCAR’s structure

(Quilcaille et al., 2023)

https://github.com/tgasser/OSCAR
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https://doi.org/10.5194/gmd-16-1129-2023
https://doi.org/10.5194/gmd-16-1129-2023
https://github.com/tgasser/OSCAR

OSCAR in the hierarchy of models
OSCART‘I%IeIopment
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Underpinning
philosophy of
development:

» high number of
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adapted from
(Clausen, 2000)
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Model niche and concept

Core concept:

= (OSCAR is a combination of emulators

‘ Atmosphere
= Pro: easier to add processes and feedbacks e Lo Nt fuxdue fo lond-use change . T on
M\ | [T 1/
= Con: harder to exactly emulate a given model s | B
% ] Woods gt | %
ofl 2 Products “§ Bs
| Pools } E
Model focus: i A e
24\ L
= Land carbon cycle: regionalized (up to ~300 regions ] ju \ v v v §
in the upcoming v4) . NE B e 5 >
iomass |- | | - E ) :
= Biogeochemical feedbacks are endogenous: — L. ‘ -
o TV v v v |
» |and-use CO2 emissions (®) reported ; . < Y . | Niiis
annually in the Global Carbon Budget (GCB) Soft Carbon , : ’ |
n
= Jand cover albedo radiative forcing reported undisturbed P vintaged (yr) areas recovered
) \ . biome before converted biome in transition biome
annually in the Indicators of Global Climate (partial) conversion (halyr) age in years since conversion
Change (IGCC)
o OSCAR’s original book-keeping module
» wetlands CH4 emissions (based on (Gitz, 2004)
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Some illustrative past works

ns (%)

= Attributed China’s historical contribution to global radiative Y [ o | I a
. o E :7 9% 9% 9% : 102 : :2
forcing (Li et al. 2016) ﬁ%ﬁ[ﬁ 1 (ﬁ i
= |ntegrated permafrost C into the system, and ]
demonstrated its path-dependent impact on the remaining Gwp arp
Time horizon (in years) 20 50 100 20 50 100
C budget (Gasser et al., 2018) o
. ARS (dcfalu!t)h 84 %8 28 67 14 4
» |solated the climate-carbon feedback to correct ARS™ — & 1 S~
estimates of GWPs & GTPs (Gasser et al.. 2017) ARS.OSCAR+IRFandREsupdues 9 51 3 & 16 7
All OSCAR 96 57 34 66 18 9
All OSCAR (no CC-fdbk) 96 aF 34 65 16 8

» Demonstrated that short-lived species have a long-term

climate effect through the climate-carbon feedback (Fu et . {mE @ =S
al' 2020) g:: 20 A E Eljlgralbedo ; E;Ihropogenic aerosol = Sglr:;:!saergosor
o=z E
. . . o E i
= Coupled a crop yield emulator and investigated the i
O'8 10 -
feedback loop between climate — crop yield — negative 58 5
. oL 5E ™
emissions availability (Xu et al., 2022) 23 IR
sg 0 s e 3
%g Voleano asrosol : ﬁa%gg%
» Re-estimated land-use change emissions in the ARG Sl . . . i
1900 1920 1940 1960 1980 2000 2010

Year of forcing

Slliac ther Climatia jrme icQi i i International Institute for
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https://doi.org/10.1038/nature17165
https://doi.org/10.1038/s41561-018-0227-0
https://doi.org/10.5194/esd-8-235-2017
https://doi.org/10.1038/s41558-020-0841-x
https://doi.org/10.1038/s41558-020-0841-x
https://doi.org/10.1038/s41586-022-05055-8
https://doi.org/10.1038/s41586-023-06724-y

Why extend OSCAR with sectoral impacts?

» For impact assessment, large ensemble
projections:
» Uncertainty analysis through Monte Carlo
= Multi-scenario analysis

» Typically, 2000 realizations x 10-1000
scenarios

» For climate assessment, additional feedbacks in
the Earth system (permafrost, peatland, fire, ...)

» OSCAR can integrate more process than
state-of-the-art ESMs

» Be ready for CMIP7/AR7 scenarios
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» For scenario assessment, more climate change
and climate impact indicators available:

= Great for scenario classification
» Target use case: AR7 WG3

» Ultimate goal, implementation within IAM /
scenario modeling:

» [ntegration of impacts on socio-economic
system (WG2-WG3 linkage)

» Backward-inference inference of pathways
compatible with limiting impacts (WG2-
WG1 linkage)
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Past work: permafrost

ARTICLES nature » Study: effect of permafrost C release
https://doi.org/10.1038/541561-018-0227-0 gCOSCICnCC O n remalnlng Carbon bu dge tS across

Corrected: Author Correction

Path-dependent reductions in CO, emission

~3000 scenarios

= Conclusion: non-linearity and
budgets caused by permafrost carbon release importance of overshoot
T.Gasser ©™, M.Kechiar'?, P.Ciais ©%, E.J. Burke ©4, T.Kleinen©%, D.Zhu©?, Y.Huang?, » [essons learned: simulations up to
A.Ekici®” and M. Obersteiner’ .
2300 are important!
= For OSCAR: helps constrain

53 05 ] B WL parameters for long timescales
o 0.8 3 0.4 ]
B B 023 T = = For ISIMIP; required to fully

1850 zono{ypm}nso 2300 1850 2000(),9;1,-;)215& 2300 1850 zoootypm)zlso 2300 1850 zooﬂ(ypm)nso 2300 aSSGSS SI OW processes’
gizéﬁﬁ o ] 5 L 1% response
Xy > éé = Next: update on ISIMIP3b models (but

1350' ’mlguwearsl}nlso. . lg}DG 135:)' l I;glool;ear;zllso‘ ’ l2300 135(; . IZUIODweIarS’)zll‘SGI . .1300 1850 Izogowe;rsl)n's,& ‘ ‘2300 requ"ﬁes cSoiILayer Varl able)

(Gasser et al., 2018)
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Recent work: peatland

Warming of Northern Peatlands Increases
the Global Temperature Overshoot
Challenge

Biging Zhu'**, Chunjing Qiu**?", Thomas Gasser', Philippe Ciais?, Robin D. Lamboll’, Ashley
Ballantyne?®, Jinfeng Chang’, Nitin Chaudhary®®, Angela V. Gallego-Sala!?, Bertrand Guenet'!,
Joseph Holden'2, Fortunat Joos'>!*, Thomas Kleinen'®, Min Jung Kwon?!6, Irina Melnikova®!”, Jurek
Miiller'*!*, Susan Page'®, Elodie Salmon?, Carl-Friedrich Schleussner'®?*! Guy Schurgers?!, Gaurav P.
Shrivastav', Narasinha J. Shurpali??, Katsumasa Tanaka®'”, David Warlind?, Sebastian Westermann?®,
Yi Xi?, Wenxin Zhang®?', Yuan Zhang>*, Dan Zhu?

(Zhu et al., 2025;
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Study: effect of peatland in overshoot scenarios

Conclusion: can strengthen and lengthen the

overshoot

Lessons learned: overshoot scenarios are important

/ CO2-sensitivity simulations as well
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00004
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» For OSCAR: validation purposes / avoid too
many covariations

= For ISIMIP: policy relevance / process

North America (non-permafrost) Eurasia (non-permafrost)
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Ongoing work: fire

= 18t attempt: direct emulation of GFEDS5 burnt area = Next: calibration on ISIMIP3b models (but
requires PFT-based burnt area)

»  Works well of intra-annual cycle
= Leads to decrease in future burnt area = Goal: net C budget of fires included regrowth
through bookkeeping

: “““““ E_fire_instan (PgC / yr): : : E_fire_legacy (PgC / yr)
= 9nd attempt: emulation of an ML model used over the ol o N S ........ ,,,,,,, ,,,,,, ........ _______ ______
historical period for the GCB ) . WO T T

. DOUth abOUt emU|atlon Of emUIatlon' - ; 0..1700 oy .180:0 1900 . ..zoaov.i ....... ’ .V1i7lon VVVVVV 1800...;......19(\03 .Ezouo. =

1e6 Forest Managed Grass 1e6 Natural Grass Shrub 3 3 .
800000 : : : F_net (PgC/ yr) ;
224 — sspl26 4004 —— sspl26 —— sspl26 od < 2 g i i 3 H
—— ssp370 —— ssp370 —— ssp370 : : 301 . 3
—~ 204 — ssp585 _ 600000 375 — ssp585 _ 700000 — SSP585 : ; : . : : i
& historical & ] historical | & historical 3 G <
& & £ 350 E I..Scen 2:10% burning.peryear, .. ......... L......lo b N oo
8 ] ] § 600000 ~ : witho mate and CQ; change - : , : : :
3.25 =
16 - 400000 o = g e o i ; : : . : :
@ o v o 3 2Cce Bu O Yy © 2in 170 - By & . . .
E E E E \ : : 3 151 : ~ 3 z &
5 H 5 3.00 5 500000 thout climate and CO, change ° : : : : :
Bigu 3 300000 2 a O . RO oot ponsroumniiny s, s | NN | (Y. CUK SRS IR SR S
£ 2 2 =2
e e e 2.75 ~ =] . £ 3 8 3 g i : .
12 T e 200000 = 400000 e -40
250 scenl : : : 2 ] ; :
100000 scen2
1.0 | e ez e T L a0 st o ]
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Ongoing work: crop yields

m
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Temperature | | Precipitation Nlitr:;gten i
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First Second

growing growing

season season

Present-day vyield, fully-irrigated condition

30°5 4

Functlonal 50°S
forms

\/ Rainfed . l.:u"y a0°5 e T 1-‘-l T T T L
Region 1 Reglon 2 Reglon 3 Reglon 292 irrigated 180° 12 0% GO o= GO°E 120°E 180°
Reglons S oeton : = ® 4EPIC—IIA?SA yieids(tonfha]T : = =
A TRT  BEIRELS | |
PP A D SR G : X = Y = Next: add bio-energy crops (using
| 4 7 p. ' ORCHIDEE, other models very welcome!)
_ » Goal: estimate negative emissions potential
» in AR6 and AR7 scenarios

Crop Crop
® oGMAlp74 [ EPICIASA  4p ISAM A IDNDC W IPmL @ PEPIC o PROMET % SIMPLACE-LINTULS
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Concluding remarks

» This is a call for collaboration!
» |f you have data pending upload, we're looking forward to it
= Sometimes additional simulations are extremely valuable...
= ... if we contact you, please consider it carefully

= We're very happy to invite modelling teams on our papers!

» The emulation of sectoral impacts is a topic of growing importance with a lot of potential down the road
regarding linking IPCC WGs

» OSCAR is a great tool to do this integration!

= QOpportunity to extend to other sectors, especially land-related (biomes, biodiversity, ...)

» WE NEED YOU! (check out Biging Zhu’s poster tomorrow)
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Thank you.

Thomas Gasser

Senior Research Scholar

Coordinator of the Earth system modeling theme
Advancing Systems Analysis program (ASA)
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