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What’s FAFMIP?

»One of the CMIP6-endorsed MIPs
» Motivated by uncertainties in projections of ocean climate change

The Flux-Anomaly-Forced Model Intercomparison Project
(FAFMIP) contribution to CMIP6: investigation of sea-level and
ocean climate change in response to CQO; forcing
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(a) FAFMIP momentum flux perturbation (107 Pa) (b) FAFMIP heat flux perturbation F (W m?)
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FAFMIP perturbations applied to the ocean in coupled climate model: surface flux
anomalies under doubled CO2 derived from CMIP5 ensemble mean 1% CO2 experiment
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Ocean-only FAFMIP

|((

»The purpose is to revea
perturbations

pure” ocean responses to the applied flux

»What is the effect of atmospheric feedbacks on ocean climate change?

»How much of the spread in regional dynamic sea level and ocean heat
content changes in coupled GCMs is due to the use of different ocean
models?

Ocean-only FAFMIP: Understanding Regional Patterns

of Ocean Heat Content and Dynamic Sea Level
Change.

Alexander Todd', Laure Zanna®', Matthew Couldrey®, Jonathan Gregory®*,
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Prescribed atmosphere: JRA55-do via YATM
1958-2018, 3-hourly, 0.5625° resolution

downward shortwave & longwave radiation fluxes
rainfall, snowfall & runoff fluxes

surface pressure

10 m air temperature & specific humidity

10 m wind vector

Global sea ice model: CICE 5.1.2

19, 0.259 or 0.1° tripolar grid; 4 ice layers + 1 snow; EVP; 5 thickness categories

ace stress vector

rainfal;. snowfall & runoff U Si ng CI i mato I Ogica I

sea surface te mperature

ice melting and formation water fluxes a i r-sea an d sea ice

salt flux, net heat flux

sea surface salinity

sea surface velocity vector

shortwave flux penetrating ice fl uxes to ove rrid e
downward longwave flux i nte ra ctive b u I k

latent and sensible heat fluxes

Kiss et al. 2020 ‘e concentration formula via data_table

Global ocean model: MOM 5.1
Same horizontal grid as CICE; 50 or 75 z* vertical levels Ad d FAF M I P fl ux
perturbations

sea surface slope vector
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frazil ice formation energy
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global mean ocean temperature
I I I
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» After 1000-year bulk-formula spin-up from Fabio,
3.65 - another 200-yr re-spin-up driven by high-freq 1
climatological flux forcing (plus adaptive surface
16L relaxations and frazil heat fluxes); |
» continue another 70 years and save high-freq
3 55 restoring surface fluxes and frazil heat fluxes -
> Repeat last 70 years: turn off surface —>Spin-up
3.5 relaxations/frazil and use saved fluxes —faf-crl
' faf-stress
> Add FAFMIP heat, freshwater, and momentum — faf-water
i . . . ——faf-heat |
3.45 flux perturbations - density equations see — faf-all
max(temp,-1.8°C)
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AMOC Changes -(a) FAF-heat -(b) FAF-all
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faf-heat-o faf-heat

Ocean heat content 9?-
changes

 Large disagreement over
warming/cooling of mid to
high latitude North Atlantic

e Better agreement for
Southern Ocean meridional
pattern.

e CGCMs indicate more
warming in North Atlantic oo Y B4 | Todd etal. 2020
relative to OGCMs (D —
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Total AOHC [GJ m~2]

(global mean of +3.6 GJ m2 subtracted) @
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Added heat tracer

faf-heat-o

faf-heat

Redistributed heat tracer

faf-heat-o
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Summary

e Large spread in regional sea level and ocean heat content changes
by prescribing the same surface flux perturbations to different
OGCMs

* FAFMIP coupled experiments introduce an air-sea feedback which
amplifies AMOC weakening by ~10%

* Heat budget terms show little agreement on which processes
dominate ocean heat content changes on regional scales.

* More info can be found in a pre-print of the submitted manuscript
Todd et al. (2020, JAMES) available online
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