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• C6, C7, and Cuu_shr are all tunable parameters in CLUBB
• The 𝜏 term in the return-to-isotropy adjustment can also 

be tuned using the new regime-specific formulation
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We target several notable mean state biases in 
CAM6-CLUBBX

Baseline Annual Surface Stress Bias

Baseline Annual SWCF Bias

Baseline surface stress is too 
high over the Southern Ocean

Negative baseline SWCF bias due 
to high bias in low cloud fraction

10-year simulations with 
baseline CLUBBX
 parameter settings 
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• 1o horizontal resolution, 58 vertical levels run over 72 hours
• PBL turbulence parameterized using CLUBBX
• Atmosphere (ERA5), ocean/ice (NOAAOI), land (ERA5) initialized 

using Betacast (https://github.com/zarzycki/betacast)
• Each unique CAM6 configuration run for four initialization dates 

(00Z 01 March/June/September/December 2020)
• Output from each config averaged over the four initialization dates
• Sensitivities calculated at t=72 hours (Qian et al. 2018, JGR-A)
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Increasing these two input 
parameters produces a 
consistent decrease in 

surface wind stress 



We can track the impact of increasing one of these 
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We can track the impact of increasing one of these 
terms (Cinvrs_tau,shear) through the CLUBBX equations
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Shading represents the 
25th-75th percentiles of the 

output at each level
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We can track the impact of increasing one of these 
terms (Cinvrs_tau,shear) through the CLUBBX equations
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Increasing parameter increases eddy 
dissipation and reduces the eddy 

turnover timescale/turbulent length scale

Increasing parameter increases the 
inverse of the eddy timescale, thus 

increasing the return-to-isotropy term

Increasing the magnitude of the return-
to-isotropy term reduces the time 

tendency of vertical momentum flux

Reducing the magnitude of vertical 
momentum flux reduces the mixing of 

stronger winds down to the surface
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parameter produces a particular 

joint directional response



Main Takeaways
• We can use a sensitivity analysis to highlight input parameters in 

CLUBB that influence regional biases in fields like SWCF 
(Tropical Pacific) and surface wind stress (Southern Ocean)

• The impacts of perturbing these input parameters are related 
changes in budgets of turbulent fluxes like heat/moisture flux and 
momentum flux

• Future work: Apply the results of the sensitivity analysis for 
short-term hindcasts to longer-term simulations

• Can we perturb a handful of input parameters in a 10-year, 
free-running simulation and reduce certain regional biases?

Additional Questions?
kmn182@psu.edu

www.kylemnardiwx.com
@kylemnardiwx
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We can track the impact of increasing one of these 
terms (CN2,wp2) through the CLUBBX equations
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Increasing CN2,wp2 dampens the vertical 
velocity variance where stable 

stratification exists, thus reducing wp2

Increasing CN2,wp2 decreases the 
downward transport of higher θv air from 

above (increased stability)

Above about 800 m, there’s a decrease 
in the magnitude of downward transport 

of drier air from above

With reduced downward transport of 
drier air and increased stability, cloud 

liquid water content increases



With an increase in cloud liquid water content in the 
PBL, there’s an appreciable increase in low cloud 
fraction
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With an increase in cloud liquid water content in the 
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Zonally averaged low cloud 
fraction increases at all 

latitudes, especially in the 
tropics and subtropics



With an increase in low cloud fraction, there’s a 
considerable decrease in SWCF (increased 
magnitude)
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With an increase in low cloud fraction, there’s a 
considerable decrease in SWCF (increased 
magnitude)
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Zonally averaged SWCF 
decreases at all latitudes, 

especially in the tropics and 
subtropics
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Several input parameters stand out as broadly 
influential for TC structure
Cuu_shr: term that offsets the turbulent production of 𝑢!𝑤! by updrafts
Increasing this term is expected to reduce the magnitude of 𝒖!𝒘!

Csfc: weighting term for turbulent eddy dissipation near surface
Increasing this term reduces the vertical turbulent length scale L

Cshear: weighting term for eddy dissipation from wind shear 
Increasing this term also reduces the vertical turbulent length scale L
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