
Experimenting with machine learning hindcast emulators 
to help tune CAM (a.k.a wherein I attempt "scikit-learn 
for dummies")

Colin Zarzycki (@weatherczar)
+ others!
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[MomentumCPT]

• Two primary core code-level
improvements…
• Directly prognosing momentum

flux evolution in CLUBB
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Lscale = ⌧
p
TKE

• Defining a “regime-specific” eddy timescale formulation 

Larson (2020), Guo et al., 
(2021), Nardi et al., (2022)
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[MomentumCPT]

Guo et al., 2021

Trade ~10 parameters, no 
added DoFs to CLUBB’s 
tunable parameter set

More “control” over 
momentum fluxes -> more 

interpretable from a process-
oriented standpoint
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Using short-term simulations to predict long-term response

Qian et al., 2018

3-day run
5-year run
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Betacast: hindcast support for CESM

ATM LND OCN

Reanalysis
Offline ELM 

spinup
T+12/24 hr ELM 

forecast
Reanalysis or 
gridded obs.

Print ”forecast” restart file

Hindcast output

Configure E3SM/CESM via CIME, user namelists

Digital Filter hydro_adjust

Land restart at correct time in 
$CASE/run/landstart on 

correct grid

Land restart at correct time 
on diff. grid in $landraw dir + 

use_init_interp=.true.

user_nl_clm_presave

namelist_defaults.xml

$BETACAST/land-spinup

Land init. decision tree

(user specified finidat)

(namelist_defaults.xml finidat)

“Offline” Tools

(optional) Add thermodynamic perturbations

RUN MODEL

(optional) TC tracking and statistics

https://github.com/zarzycki/betacast

Zarzycki and Jablonowski, 2015, MWR

https://github.com/zarzycki/betacast
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The process?

Generate set (P) of parameter 
inputs and ranges

Generate LHS sample of 
size Z

Resulting set of 
combinations (P lines, N 

columns)

P = 23

Z = 1200

Each line is a single set of parameters to pass in 
via user_nl_cam
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The mechanics?

• Pick N_inits (6, JMMJSN) that each run for D (3) days
• So we have Z * N_inits = 7,200 simulations to run
• Parallelize on Cheyenne, not so bad! ~3-4 "real" days if spread out 

across 20 jobs
• Average output fields +24-36 hours for climate metrics, compute 

anomaly relative to reference (i.e., benchmark)
• Currently aggregating to 5x5 grid boxes, although more of a 

practicality
• Results in 1200 "outputs" which are nlat x nlon array for each CAM 

variable (1200 x 2263 = 2.7M points)
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The tool?

• Train output "vectors" 
(flattened 2-D arrays) using 
random forest regressor

• Model can be run with 
user editing a user_nl_cam
(i.e., x vector)

• Model predicts anomaly
vector relative to reference

• Reshape back to 2-D array 
for analysis!
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Interpretable: what is important in making a prediction?

• Benefit of RF, training provides ranking of sensitivity
• See Kyle Nardi's talk later today

CLDLOWQian et al., 2018 PRECT
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Reference -> perturbation

• Let's try changing a few things…
• clubb_C_invrs_tau_shear=0.1 (from 0.12)
• clubb_gamma_coef=0.5 (from 0.55)
• clubb_c8=2.8 (from 3.4)
• clubb_c_uu_shr=0.5 (from 0.1)
• clubb_c_invrs_tau_n2_wp2=0.05 (from 0.1)
• clubb_c_invrs_tau_n2_xp2=2.0 (from 0.8)
• clubb_altitude_threshold=20 (from 100)
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SWCF prediction

• Emulator predicts…
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SWCF prediction

• Emulator predicts…

Note, color bars don't match!
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PSL prediction

Note, color bars don't match!
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PSL prediction

Note, color bars don't match!
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Cost?

• Cost: we have Z * N_inits * D days we have to integrate CAM for
• Here, 21,600 days =~60 year single member
• Runs are small, help fill "economy" backfill!

• Outputs distilled into climatology files from CAM output O(1GB)
• Training for each var ~15 seconds on Macbook Pro (longer for 

XGBoost and NNs, but not otherworldly) à can be "pickled"
• Each "model" var takes ~8 seconds to run
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Summary

• First blush?
• Excellent for global mean directional signal!
• Not bad for global mean magnitude (?)
• Hint of regional information, but unclear (???)
• Fast!

• Next steps:
• Code cleanup / organization
• Automatic optimization
• Incorporate information about CLUBB booleans
• New deck with expanded LHS using 6_3_091

• AMWG questions?
• How to better leverage short runs for development + tuning?
• Can this provide alternative pathways for physical interpretability?


