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Climate Models

Climate # weather

Numerical implementation of many physical processes

Complex interactions between the different climate components

Globe divided into grid cells > spatial resolution

Differential equations solved for each time step > temporal resolution

Model resolution = compromise between simulation accuracy and computational efficiency
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Climate Models

Climate model hierarchy

o 1D energy balance model ( )

o ...

Latitude A

o General circulation model (GCM, concentration driven)

o Earth system model ( emission driven)
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Climate Models
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Climate Models

Climate model hierarchy

o
»

o 1D energy balance model ( )

o ...

complexity

o General circulation model (GCM, concentration driven)

o Earth system model ( emission driven)

Earth system model
o Physical climate components (atmosphere, land, ocean, seaice, ...)

o Biogeochemical cycles (carbon, nitrogen, water cycles)
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Using and Testing Earth System Models

Earth system models are used for:
o Attribution studies
o Process understanding
o Comparison with, or completion of sparse observations

o Future climate projections

Climate model intercomparison project (CMIP):
o Large collaboration of modelling centres
o Compare model outputs based on a set of common experiments

o Assess model performance and uncertainties
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Atmospheric CO, increases since preindustrial period
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CO, uptake by the ocean causes ocean acidification
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using co2sys (Pelletier, v25b06) with constants: Lueker et al. 2000, KSO4: Dickson, Total boron: Lee et al. 2010, & KF: seacarb



CO, uptake by the ocean affects seawater chemistry

Part of atmospheric CO, dissolves in seawater:

—
COZ + H20 . H2C03
HY 4 02—
[H*] increases < pH decreases [CO5~] limits calcification process:
pH = —log([H™]) Ca?* + COZ™ o CaCO,
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Ocean acidification impacts marine calcifying organisms

Pteropods

Peijnenburg et al., 2020

Calcifying species:
Corals
Plankton

Pteropods (e.g. sea butterfly)

Effects:

Reduced calcification rate
Reduced growth rate
Species-specific
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Qarag > 1, inorganic precipitation
Qarag = 1, equilibrium
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The Arctic is projected to become undersaturated soon
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Many planetary boundaries are outside their safe operating space

Status in 2023 of
control variables
for nine planetary
boundaries
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Climate model projections should provide safe emission pathways

Currently, most
climate projections are
based on prescribed
emission pathways.

Emissions (PgC yr™1)

Emissions prescribed

Year

Range in
projected
warming

Forward
(e.g. CMIP§)

Global Warming (2C)

Year

Emissions Temperature
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Silvy et al., 2024
Terhaar et al., 2022
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Estimate remaining emission budget from cumulative emissions
and global warming
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Adaptive Emission Reduction Approach
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AERA provides emission pathways that stabilise global warming
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We want to extend AERA to an ocean acidification target
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Real-world acidification targets require model bias correction

Ocean == Model outputs

acidification == Bias corrected

Threshold
Time
Positive higher
bias © Controlvariable in the modelis than observations.
Negative lower
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The bias correction is performed on ocean acidification drivers

Ocean aciditication drivers: Aragonite saturation state, monthly bias
. Sga surfac.e tempgrature (Sim-Obs 1993-2022)
* Dissolved inorganic carbon
* Alkalinity February
* Salinity ~
* Silicate

* Phosphate

Observation datasets:
Gregor & Cruber, 2021 (OceanSODA-ETHZ, 1993-2022)
Garcia et al., 2024 (WOA, 1991-2020)

Satellite-based
observations > missing
data under seaice
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{0arag scales linearly against cumulative CO, emissions

—— Model data
—— Bias corrected

2100

2400 2700 3000
Time

Before emission stabilisation:
Linear regime (TCRE)
Condition required by AERA

After emission stabilisation:
Hysteresis
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Next step: implement acidification target in AERA

Qarag
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Take home messages

Ocean acidification impacts calcifying organisms and threatens high latitudes ecosystems.
Global warming scales near-linearly with cumulative CO, emissions.

Earth system models can be used to compute safe emission pathways for global mean
temperature.

We extend the adaptive emission reduction approach to ocean acidification targets.

Real-world acidification thresholds require model bias correction.
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Thank you for your attention!
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Olsen, A., Lange, N., Key, R. M., Tanhua, T., jf\lvarez, M., Becker, S., Bittig, H. C., Carter, B. R., Cotrim da Cunha, L., Feely, R. A., van Heuven, S., Hoppema, M.,
Ishii, M., Jeansson, E., Jones, S. D, Jutterstrom, S., Karlsen, M. K., Kozyr, A., Lauvset, S. K., Lo Monaco, C., Murata, A., Pérez, E E, Pfell, B., Schirnick, C.,
Steinfeldt, R., Suzuki, T, Telszewski, M., Tilbrook, B., Velo, A., and Wanninkhof, R.: GLODAPv2.2019 — an update of GLODAPv2, Earth Syst. Sci. Data, 11, 1437—
1461, https://dol.org/10.5194/essd-11-1437-2019, 2019.

Figure 9 (b)

Figure 6.1 m IPCC, 2013: Ciais, P, C. Sabine, G. Bala, L. Bopp, V. Brovkin, ]. Canadell, A. Chhabra, R. Defries, J. Galloway, M. Heimann, C. Jones, C. Le Queré,
R.B. Myneni, S. Piao and P Thornton, 2013: Carbon and Other Biogeochemical Cycles. In: Climate Change 2013: The Physical Science Basis. Contribution of
Working Croup [ to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change [Stocker, TE, D. Qin, G.-K. Plattner, M. Tignor, S.K. Allen,
J. Boschung, A. Nauels,Y. Xia, V. Bex and PM. Midgley (eds.)]. Cambridge University Press, Cambridge, United Kingdom and New York, NY, USA.

Figure TS.18 in IPCC, 2021: Technical Summary. In: Climate Change 2021: The Physical Science Basis. Contribution of Working Group I to the Sixth
Assessment Report of the Intergovernmental Panel on Climate Change [Chen, D., M. Rojas, B.H. Samset, K. Cobb, A. Diongue Niang, P Edwards, S. Emori,
S.H. Faria, E. Hawkins, P Hope, P Huybrechts, M. Meinshausen, S.K. Mustafa, G.-K. Plattner, and A.-M. Tréguier, 2021: Framing, Context, and Methods.
InClimate Change 2021: The Physical Science Basis. Contribution of Working Group I to the Sixth Assessment Report of the Intergovernmental Panel on
Climate Change[Masson-Delmotte, V,, P Zhai, A. Pirani, S.L. Connors, C. Péan, S. Berger, N. Caud, Y. Chen, L. Goldfarb, M.I. Gomis, M. Huang, K. Leitzell, E.
Lonnoy, ].B.R. Matthews, TK. Maycock, T. Waterfield, O.Yeleker, R. Yu, and B. Zhou (eds.)]. Cambridge University Press, Cambridge, United Kingdom and
New York, NY, USA, pp. 147-286, doi:10.1017/9781009157896.003.]
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https://www.geomar.de/en/discover/ocean-and-climate/model-simulations/the-earths-climate-system
https://www.climate.gov/maps-data/climate-data-primer/predicting-climate/climate-models
https://www.insu.cnrs.fr/fr/les-modeles-climatiques
https://ethz.ch/content/dam/ethz/special-interest/usys/iac/iac-dam/documents/edu/courses/weather_and_climate_models/FS2024/07_slides_ESMs.pdf
https://ethz.ch/content/dam/ethz/special-interest/usys/iac/iac-dam/documents/edu/courses/weather_and_climate_models/FS2024/07_slides_ESMs.pdf
https://doi.org/10.1017/9781009157896.003
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Monthly bias, Sim-Obs, 1993-2022
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