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WIP - CREDIT-MESACLIP: stable emulation of high resolution coupled

/

" 4
S /! o~
' 4 /S ”
/ /
' 4 ’ , "4 /.’
F 4 J .
' 4 ’ g
' /
' p / ”/'/
4 ' 4 ¥
/ ’/‘—
s r
4 y
//' >
/ Vs

N c AR Aidan Janney', John Schreck? David John Gagne?, Frederic Castruccio', E. E.

Hayden', Dan Amrhein'?
'CGD Labratory - NSF NCAR, “Computational and Information Systems Laboratory - NSF NCAR

OPERATED BY UCAR

Background Component Comparison Teaser: Hi-Res Ocean Emulation

Stable Rollouts at >5 years at 1/10° - highest resolution

MESACLIP iHESP m010 - GDEX Dataset d651007 Training defaults - singlestep, levelwise normalization .
global ocean emulation to date.

Training Data: 1920 to 2000 o ATM only - forced by surface OCN/LND

Validation Data: 2000 to 2005
Attempting 84 Variables e Surface OCN/LNC - forces by lower atmosphere Drifting (linearly) towards it's own attractor. We could

e 7- 3D variables (all ATM): vvel, spec. humidity, rel. humidity, temp, U, V, ® COUp|ed ESM: 3D ATM + 2D LND+ 2D OCN - no fOrCin9, |mp“C|t COUp“ng constrain with Climotology (Samudrd)?

geopot. height
e 77 - 2D Variables (ATM/LND/OCN): see additional resources

Global mean SST, linearly detrended

Undertrained and in-need of hyperparameter changes, some 10-day skill! N \\ — ot rrd e G303
L™

Include more o v o3 B Ten days Six months Free

Reduce latency physics [ s o g = ' ] i
Streaml!ne user bottlenecks L £ b . - f £ Funnin g
experience 1
ocedn no
forcing!

SST (°C), detrended
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Models
Update WXFormer Post-Blocks
to support arbitrary Calculate derived
grids, new kinds of fields and enforce
attention, and conservation with

Interfaces
Improve ease of
interaction with

simplified config files
and acommand line
interface.

Pre-Blocks
Modular data
transforms to re-
scale, regrid, and
derive other
features.

anomaly correlation

domain modular blocks.
decomposition.

= Atmosphere W —— Atmosphere

CREDIT Gen2 Architecture with Cube Sphere Input - Schreck 2026 —— Coupled ESM | —— Coupled ESM

e e Next Steps - More Training!!

lead time (days) lead time (days)

Battle of Scales , |
Model Architecture: refine cube

sphere processing, include

Current emulator structure predicts one state at one frequency, but mu|ti—grid ho ndling - Significq Nt
we have conflicting priorities in the atmosphere and ocean.

e Atmosphere: large scale, synoptic O(IOO_IOOOKm) on 6h A +20, 3°-wide wind-speed nudge over the Kuroshio Extension (36°N, 150°E) | | C o Data: d |
timescales - highly chaotic, diurnal cycle is important, needs large o e e T O e g e o1 ompressing vdtd. reguce volume

NN even at lower resolutions | | 3 il ' 3 7 Physically realistic while retaining info
Ocean: (sub)mesoscale features 0(«<100km) on daily timescales ° i} Sl | et

. . . g . g | response from

or longer. Interactions with bathymetry and LONG timescales are ' . AT . . . .
important for stability. variables, but Tiered model hlel‘dl‘Chy- reflect

- . . S N 8 S : iInnate timescale variability of the
Traditional Implicit ° | : | : generic L yort

. : i | _ Earth System, traditional coupling

Coupling Coupling |

MLe coupling extraction,
ensembles in latent space, data

ATM Emulat : . il P .l B . .
i ocN E | | Primarily diffusive
Emulator eE B o s 8 o spreading.

OCN Emulator

Give the model all the data at once

\/ / Learr_1 relationships of the ° . 0.
= continuous system ° ° T Additional Resources

e Shared timescale

Variable frequency o Aggregate and Interpolate e | s | = e e s Global noise and

Selected variables
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ASST (K), symmetric log

t R teleconnections after
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Biased b existin mode' an architecture issue o -«-»-—_h--“'*;/‘—“"‘—"‘*‘«_ e B g'--; = St ? SIS - S 4_.‘ G ,“ h . e, ©® °

deve.opn‘.’ent paragdigms o Band-aid: interpolate and W= I . e Initiative Fund 1090941.

Flexible and novel coupling , V—%‘@“ b h " ¢ ded
. This work was funde
Learned or Deterministic? g On|y1 tlme-Step. .
camed or Dete stie Differing spatial scales and grids: s b the CcCGD Strqte ([os
| Follows cube faces. y 9
hope hi-res info persists in
large scale dynamics
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