A Sensitivity Analysis of Cloud Properties to CLUBB Parameters in SCAM5 and CAM5
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1. Motivations and approaches 2. Sensitivity Analysis (SA) approach 3. Schematic of the Assumed PDF method (CLUBB)

» The Cloud Layers Unified By Binormals (CLUBB), an > 16 CLUBB .tunable p_arameter are chosen, based on a Advance 10 prognostic equations
assumed, dynamical PDF method for coupling subgrid set of experiments with 35 tunable parameters

turbulence and cloud process, provides a unified » The Quasi-Monte Carlo (QMC) sampling approach

treatment of stratocumulus and shallow cumulus provides an efficient and reliable way for sampling high-

» CLUBB, like many other parameterizations, includes dimensional parameter space, and is selected in this Golaz et al. (2002a)
multiple tunable parameters. How sensitive CLUBB study

simulations to its tunable parameters has not been > A ived | del (GLM) is adopted t | Uje PDF to C'OSih'gher- Select PEFfrom given family
systematically examined generalized line model ( ) Is adopted to analyze order moments, buoyancy to matc

» Sensitivity Analysis (SA) offers a way to systematically the responses of simulated cloud properties to CLUBB terms 10 moments
and efficiently examine this tunable parameters WP W, we, w6, W],
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» Cases examined for Single-column CAM5 (CAMS5): two » A cost function based on the spatial standard deviation L/ ¢
for shallow cumulus (BOMEX and RICO); and one for and spatial correlation is used as a metric to evaluate Diagnose cloud fraction,

stratocumous (DYCOMS-II RFO1) model results against observations or benchmark liquid water from PDF
simulations
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4. Single-CAMS5 at two vertical resolutions: 30 layers (L30) and 240 layers (L240) 5. Global results (based on 512 2-year simulations)
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A. CLUBB parameters in SCAM5 experiments C. Resolution dependence in statocumulus
Tuning Deserimtion Default  Tnvestigated gso 2)8ddy mixing length (m) gso L) dissipationtime T (s) gso Cloudfraction oooo. TTTTH4 FlLLeeTT] I FY Y PR
Parameter Value Range 875 875 - 875 0.064
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v (nu) Background Coefficient of Eddy Diffusion  20.0 10.0~40.0 2 925 - g 925 - g 925 1 f LR R | 1 T
B (beta) Constant related to "plume" variance of 6, 175 0.0~3.0 ~ 950 - ~ 950 - ~ 950 - ooear 111 L] 7 1] | T 41 T 1111111
and? 975 - 975 - 975 - 1 40.0000 0.0000 3.0000 6.1000 0.6000 0.0005 0.0020 6.0030 0.0900
¥ (gamma_conf) Low Skewness in y coefficient Skewness 0.32 0.0~0.83 nu Igeta gamma_coe mu C0_ind
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[] [ [] [] 0.000 _
B. The relative contribution to cloud fraction variance > Resolution dependence of influential parameters in oo LILILI] LD LT
stratocumulus is partly caused by the strong resolution U T

100

_ dependence of eddy mixing length

» Some of influential parameters identified in SCAMS5 contribute little to
variance in low cloud fraction in CAMS5 simulations, including Cért,

D. Contributions from interaction terms Cértb, C11, and C11b
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’ BOMEX L30 BOMEX L240 RICO L30 RICO L240 RFO1 L30 RFO01 L240 Czritlh;: : Ciflttlh;: - . : 6' FUture Work
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- ..' i s A = i » Understand the discrepancy in influential parameters between

o5 P ] g - o - SCAMS5 and CAMS5
. . . . B I A N N e ol R s yannd » Examine regional sensitive of simulated cloud fields to CLUBB
» Most of variance in cloud fraction can be explained by CPSFE &S ST S tunable arg meters
a small number of tunable parameters — P
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» For shallow cumulus, they are related to skewness of

vertical velocity, while for stratocumulus, they are » Contributions from interaction terms are generally small
related to water and heat flux equations
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