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The biggest challenge with running and
evaluating SCREAM

Computacional cost¢

A main constraint driving our simulation strategy, but we have been rapidly
expanding our simulation length.

— 40 days DYAMOND?2 simulation with v0 (2021)

— = = = 4 x40 days Four Seasons simulation with vl (2022)

Cess-Potter simulations (2023)

|3 months (+ aerosol simulations 2024)
> Decadal simulations
< » 10+ years (2024)
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Fortunately, many atmospheric processes

occur on time-scales of days

* Previous studies have reported that model
errors in climatology manifest themselves
in the first few days (Phillips et al, 2004;

Ma et al., 2015)
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Precipitation (mm/day)

Phenomena that SCREAM represents well
(those that we expected)

IMERG April 5, 2013 SCREAM April 5, 2013

* Representing qualitative aspects
mesoscale organization
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Unexpected features that SCREAM captures
well

e Diurnal cycle of boundary Iayer clouds Cloud Fraction (%) Tropical Western Pacific Darwin (-12.4, 130.8)
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Pressure (hPa)

Features that SCREAM struggles with
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* Warmer near-surface land temperatures

(not shown)
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* We still need turbulent mountain stress

* Removing subgrid variability of
microphysical tendencies help reduce

Histogram (log,o(km)=1)

Lessons learned along the way a

scheme even at 3km
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What can we learn from a | -year simulation?
- Climate feedbacks

Radiative forcing AF causes equilibrium temperature response AT proportional to the net feedback A:
AF = AAT

* Cess etal, (JGR, 1990), Ringer et al., (GRL, 2014), and others noted that A can be cheaply and
reasonably computed by prescribing ASST and reading the resulting AF

* Qin etal, (JGR-A, 2022) find that this can be done credibly using a single year of data (see figure)
* Best results come from ENSO-neutral years
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* Cloud feedback in SCREAM
3km would be one of the
strongest among CMIPé

* Large resolution sensitivity in
x® the cloud feedbacks
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Equilibrium Estimated Climate Sensitivity

* Total radiative feedback (-1.1 Wm-=2K-! for

3km model and -1.6 Wm2K-! for 12km
model)

* Adjusting for difference between
atmosphere-only and coupled simulation
net feedback, estimate ~-0.6 Wm-2K-!

AF = AAT
where AF ~ 3.7Wm-2 (2xCO2)

e SCREAM 3km has an ECS of 6.2K
(E3SMv | and 2 had ECS of 5.3K and 4.0K)

e SCREAM 12km has an ECS of 3.7K
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Un-answered questions and next steps

* How much confidence can we ascribe to the climate feedbacks?

* To what extent would Doubly-Periodic SCREAM or RRM configurations
have informed us about the strength of cloud feedbacks?

How does SCREAM do with variability and extremes!?

* How can we best improve some of the largest biases in the model?

* What is the best scientific use of the 3km global SCREAM?
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Summary

* SCREAM is very computationally expensive, but we are quickly scaling up our
simulation length from days to years to decade+

* Previously un-resolved features are now resolved everywhere on the globe,
but large-scale biases exist and need improving

* Our first year-long simulation campaign reveals a strong cloud feedback (and
suggest a very high ECS) in SCREAM 3km

* Ongoing decadal simulation will inform SCREAM’s ability to capture variability
and extremes
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