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FINDINGS LWCF, SWCF, Precipitation bias improvement

1. Scale coupling frequency (fscale), at which GCM and CRM exchange Both LWCF and LWCF biases improve with higher fscale. SWCF [W/m?] LWCF [W/m2] Precipitation [mm/d] LWP [g/m2] IWP [g/m?2]
information, is a useful tuning parameter. SWCF and LWCF biases
decreases with a higher fscale including the Great Red Spot.
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— The SWCF bias reduction is consistent with the LWP reduction.
— HOWEVER, The LWCF bias reduction is surprisingly inconsistent with [WP.
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2. The hypothesis that increased fscale can compensate for throttied
mixing efficiency by small CRM domains is hard to fully test due to Lower fscale deteriorates precipitation (e.g. amplification of the Great Red Spot),
an obscurina surface flux response. but higher fscale Seems to slightly improve precipitation.
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The quasi-linear liguid water path reduction with fscale IS consistent with a
positive answer to Question 1.
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The eftect of coupling frequency, fscale, 0f SPCAM hasn'’t been explored yet.
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Pritchard et al. (2014)* showed reduced CRM domains can desirably
accelerate cloud superparameterization but at the cost of amplifying some
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mean state biases (e.g. cold upper troposphere, too bright liquid clouds). » T “
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Systematic quasi-linear Confounding surface heat flux responses CRM Mass Flux
mld-trOpOSphere Warmlng Unexpected surface flux response was observed. _ 58:5&‘AN§)2T°ta'mafff'“Xfr°mCRM‘SPMC)‘°°””°'
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The proposed mechanism was that small CRM domains artificially throttle
deep convection by trapped subsidence.

Both mid-troposphere temperature and vertical velocity Both mid-troposphere air temperature (e.g. T500) and surface flux increase
~ Typical CRM array (4kmx32) Reduced CRM array (4km x 8) Increase, a slight bias reduction. with higher fscale In tropics.
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The quasi-linear warming with fscale is consistent with a positive The correlation between mid-trop temperature and surface flux suggest an
answer to Question 1. alternative hypothesis to explain the mid-troposphere temperature increase:
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“fscale cOMpensates for throttled convective mixing”
VS.
“fscale produces unintended surface flux feedbacks”

Although this schematic envisions a closed CRM system, that is not true Temperature bias profile (55—5N)

beyond the timescale of GCM-CRM coupling.
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The alternative hypothesis seems hard to rule out. New experiments using " 3 05
controlled surface fluxes may be needed.

Questions:

1. Can increased scale coupling frequency (fscale) mitigate small CRM Tropical mean

: : . : Surface flux Zonal mean surface flux
climate biases by compensating for locally trapped subsidence?** suface flux (5S—5N)
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CRM setup: micro-CRM (4km x 8) d - time3600. control
Control simulation: dtime (GCM timestep, ~ 1/fscale) = 1800 [s] e R — o 15|
Experiment simulation: dtime = 600, 900, 3600 [s] = a0 S
Simulation length: 10 years with 4 months of spin-up L ' - L= . | | | | °‘Z" S
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<QGlossary> CRM: cloud resolving model GCM: general circulation model IWP: ice water path LWP: liquid water path LWCF: long wave cloud forcing w500: vertical velocity at 500 hPa Superparameterization: a technique to improve subgrid cloud processes by replacing statistical cloud parameterization with high-resolution CRMs in GCMs

SPCAM: Superparameterized Community Atmosphere Model SST: sea surface temperature SWCEF: short wave cloud forcing T500: temperature at 500 hPa



