
Multiple equilbria in a loud resolving model �SupplementSharon L. Sessions, Satomi Sugaya and David J. RaymondPhysis Department and Geophysial Researh CenterNew Mexio TehSoorro, NM 87801 USAsessions�kestrel.nmt.eduAdam H. SobelDepartments of Applied Physis and Applied Mathematisand Earth and Environmental SienesColumbia UniversityNew York, NY 10027 USAOtober 13, 20091 Model ParametersBelow is a table onsisting of the parameters and run times used for the simulations whihprovided data for this work. Size and grid refer to domain size and grid resolution, both aregiven in km. Both the potential temperature relaxation time (hours) and its inverse (t−1

θ ,measured in s−1) are spei�ed sine the latter is the atual model input parameter. f is thefration of the of the radiative onvetive equilibrium (RCE) moisture pro�le initially in thedomain (equation (3) of setion 2). xs (km), δθmax
local and δθmax

random are initial perturbations,equation (5) of setion 2. The potential temperature perturbations are given as frationalvalues of the RCE pro�le, θ0, sine this is atual model input. To estimate the absolutetemperature perturbation, multiply the values given by 300 K. Time is the model run timein days. Rain rate (in mm day−1) is not an input parameter, but has been inluded toidentify the runs whih orrespond to the two possible equilibrium states.
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Model parameters for individual runsTest size grid vy t−1

θ tθ f xs
δθmax

local

θ0

δθmax

random

θ0

time rain rate1 50 0.5 3 1.5× 10
−4 1.85 0 1 0.03 0.03 60 0.00002 50 0.5 3 1.5× 10
−4 1.85 1 1 0.03 0.03 60 0.00003 50 0.5 4 1.5× 10
−4 1.85 0 1 0.03 0.03 120 0.00004 50 0.5 4 1.5× 10
−4 1.85 1 1 0.03 0.03 60 0.00005 50 0.5 5 1.0× 10
−5 27.78 0 3 0.03 0.001 120 3.9086 50 0.5 5 2.5× 10
−5 11.11 0 3 0.03 0.001 120 2.6297 50 0.5 5 3.25× 10
−5 8.55 0 3 0.03 0.001 120 2.4108 50 0.5 5 4.0× 10
−5 6.94 0 3 0.03 0.001 120 0.00059 50 0.5 5 7.5× 10
−5 3.70 0 1 0.03 0.03 120 0.000110 50 0.5 5 7.5× 10
−5 3.70 1 1 0.03 0.03 120 3.28811 50 0.5 5 1.5× 10
−4 1.85 0 3 0.03 0.001 120 0.000012 50 0.5 5 1.5× 10
−4 1.85 1 1 0.03 0.03 60 2.96413 50 0.5 5 1.0× 10
−3 0.28 0.5 3 0.03 0.001 120 0.000014 50 0.5 5 1.0× 10
−3 0.28 0.9 3 0.03 0.001 120 0.000015 50 0.5 5 1.0× 10
−3 0.28 1.0 3 0.03 0.001 120 0.000016 50 0.5 6 1.5× 10
−4 1.85 0 1 0.03 0.03 120 0.000017 50 0.5 6 1.5× 10
−4 1.85 1 1 0.03 0.03 60 6.92118 50 0.5 7 1.0× 10
−5 27.78 0 3 0.03 0.001 120 6.20019 50 0.5 7 4.0× 10
−5 6.94 0 3 0.03 0.001 120 10.1220 50 0.5 7 5.0× 10
−5 5.56 0 3 0.03 0.001 120 10.8421 50 0.5 7 6.0× 10
−5 4.63 0 3 0.03 0.001 120 0.003822 50 0.5 7 7.88× 10
−5 3.53 0 1 0.03 0.03 120 0.000423 50 0.5 7 7.88× 10
−5 3.53 1 1 0.03 0.03 120 11.1324 50 0.5 7 1.5× 10
−4 1.85 0 3 0.03 0.001 120 0.000025 50 0.5 7 1.5× 10
−4 1.85 1 3 0.03 0.001 120 10.0526 50 0.5 7 1.0× 10
−3 0.28 0 3 0.03 0.001 120 0.000027 50 0.5 7 1.0× 10
−3 0.28 0.5 3 0.03 0.001 120 0.000028 50 0.5 7 1.0× 10
−3 0.28 0.8 3 0.03 0.001 120 0.000029 50 0.5 7 1.0× 10
−3 0.28 0.9 3 0.03 0.001 120 7.31030 50 0.5 7 1.0× 10
−3 0.28 1 3 0.03 0.001 120 7.28931 50 0.5 10 7.5× 10
−5 3.70 0 1 0.03 0.03 120 19.1032 50 0.5 10 1.12× 10
−4 2.47 0 1 0.03 0.03 120 21.1033 50 0.5 10 1.12× 10
−4 2.47 1 1 0.03 0.03 120 20.7734 50 0.5 10 1.3× 10
−4 2.14 0 1 0.03 0.03 120 20.8935 50 0.5 10 1.5× 10
−4 1.85 0 1 0.03 0.03 182 0.09436 50 0.5 10 1.5× 10
−4 1.85 1 3 0.03 0.001 120 20.3337 50 0.5 10 1.0× 10
−3 0.28 0 3 0.03 0.001 120 0.000138 50 0.5 10 1.0× 10
−3 0.28 0.5 3 0.03 0.001 120 0.000039 50 0.5 10 1.0× 10
−3 0.28 0.6 3 0.03 0.001 120 0.000240 50 0.5 10 1.0× 10
−3 0.28 0.7 3 0.03 0.001 120 13.112



Model parameters for individual runsTest size grid vy t−1

θ tθ f xs
δθmax

local

θ0

δθmax

random

θ0

time rain rate41 50 0.5 10 1.5× 10
−3 0.19 0 1 0.03 0.03 120 0.000142 50 0.5 10 3.0× 10
−2 0.01 0 1 0.03 0.003 364 0.000043 50 0.5 12 1.5× 10
−4 1.85 0 1 0.03 0.03 103.75 25.4944 50 0.5 15 1.5× 10
−4 1.85 0 1 0.03 0.03 74.75 31.8545 50 0.5 15 1.5× 10
−4 1.85 1 3 0.03 0.001 120 31.4846 50 0.5 15 5.7× 10
−4 0.49 0 3 0.03 0.001 101 22.9447 50 0.5 15 7.85× 10
−4 0.35 0 3 0.03 0.001 120 21.5748 50 0.5 15 1.0× 10
−3 0.28 0 3 0.03 0.001 120 0.000049 50 0.5 15 1.0× 10
−3 0.28 0.3 3 0.03 0.001 120 0.000050 50 0.5 15 1.0× 10
−3 0.28 0.4 3 0.03 0.001 120 22.4351 50 0.5 15 1.0× 10
−3 0.28 0.5 3 0.03 0.001 120 23.3252 50 0.5 15 3.0× 10
−2 0.01 0 1 0.03 0.03 364 0.000053 50 0.5 20 1.5× 10
−4 1.85 0 1 0.03 0.03 75.25 40.4554 50 0.5 20 1.5× 10
−4 1.85 1 1 0.03 0.03 60 40.6455 50 0.5 20 1.0× 10
−3 0.28 0 3 0.03 0.001 120 0.046156 50 0.5 20 1.0× 10
−3 0.28 0.1 3 0.03 0.001 120 30.3357 50 0.5 20 1.0× 10
−3 0.28 0.3 3 0.03 0.001 120 31.9358 50 1 0 1.5× 10
−4 1.85 1 3 0.03 0.001 120 0.000059 50 1 3 1.5× 10
−4 1.85 1 3 0.03 0.001 120 2.53560 50 1 4 1.5× 10
−4 1.85 0 3 0.03 0.001 120 0.000061 50 1 4 1.5× 10
−4 1.85 1 3 0.03 0.001 120 2.94462 50 1 5 1.5× 10
−4 1.85 0 3 0.03 0.001 120 0.000063 50 1 5 1.5× 10
−4 1.85 1 3 0.03 0.001 120 3.92764 50 1 6 1.5× 10
−4 1.85 0 3 0.03 0.001 120 0.000065 50 1 6 1.5× 10
−4 1.85 1 3 0.03 0.001 120 6.01166 50 1 7 1.5× 10
−4 1.85 0 3 0.03 0.001 120 0.000067 50 1 7 1.5× 10
−4 1.85 1 3 0.03 0.001 120 9.11868 50 1 10 1.5× 10
−4 1.85 0 3 0.03 0.001 120 0.000769 50 1 10 1.5× 10
−4 1.85 1 3 0.03 0.001 120 17.9570 50 1 12 1.5× 10
−4 1.85 0 3 0.03 0.001 120 23.1171 50 1 15 1.5× 10
−4 1.85 0 3 0.03 0.001 120 29.3372 50 1 15 1.5× 10
−4 1.85 1 3 0.03 0.001 120 29.6773 100 1 4 1.5× 10
−4 1.85 1 3 0.03 0.001 120 0.000074 100 1 5 1.0× 10
−5 27.78 0 3 0.03 0.001 120 3.81875 100 1 5 4.0× 10
−5 6.94 0 3 0.03 0.001 120 0.000076 100 1 5 7.5× 10
−5 3.70 0 3 0.03 0.001 120 0.000777 100 1 5 1.5× 10
−4 1.85 0 1 0.03 0.03 120 0.000078 100 1 5 1.5× 10
−4 1.85 1 3 0.03 0.001 120 3.88479 100 1 5 5.0× 10
−4 0.56 0.9 3 0.03 0.001 120 0.000080 100 1 5 5.0× 10
−4 0.56 1 3 0.03 0.001 120 4.0573



Model parameters for individual runsTest size grid vy t−1

θ tθ f xs
δθmax

local

θ0

δθmax

random

θ0

time rain rate81 100 1 7 7.5× 10
−5 3.7 0 3 0.03 0.001 120 9.67082 100 1 7 1.0× 10
−4 2.78 0 3 0.03 0.001 120 9.28383 100 1 7 1.25× 10
−4 2.22 0 3 0.03 0.001 120 0.009384 100 1 7 1.5× 10
−4 1.85 0 1 0.03 0.03 120 0.000385 100 1 7 1.5× 10
−4 1.85 1 3 0.03 0.001 120 8.15686 100 1 7 2.1× 10
−4 1.32 0 1 0.03 0.03 120 0.000087 100 1 7 5.0× 10
−4 0.56 0 3 0.03 0.001 120 0.000088 100 1 7 5.0× 10
−4 0.56 0.5 3 0.03 0.001 120 0.000089 100 1 7 5.0× 10
−4 0.56 0.7 3 0.03 0.001 120 0.000090 100 1 7 5.0× 10
−4 0.56 0.8 3 0.03 0.001 120 7.50791 100 1 10 1.5× 10
−4 1.85 0 1 0.03 0.03 75.75 17.0792 100 1 10 1.5× 10
−4 1.85 1 3 0.03 0.001 120 17.4593 100 1 10 1.88× 10
−4 1.48 0 1 0.03 0.03 120 17.2194 100 1 10 2.25× 10
−4 1.23 0 1 0.03 0.03 120 15.4195 100 1 10 2.25× 10
−4 1.23 1 3 0.03 0.001 360 15.7096 100 1 10 2.6× 10
−4 1.07 0 1 0.03 0.03 120 0.001897 100 1 10 3.0× 10
−4 0.93 0 1 0.03 0.03 120 0.004098 100 1 10 5.0× 10
−4 0.56 0 3 0.03 0.001 120 0.000399 100 1 10 5.0× 10
−4 0.56 0.5 3 0.03 0.001 120 0.0004100 100 1 10 5.0× 10
−4 0.56 0.6 3 0.03 0.001 120 12.33101 100 1 10 5.0× 10
−4 0.56 0.7 3 0.03 0.001 120 13.03102 100 1 10 1.5× 10
−3 0.19 0 1 0.03 0.03 120 0.0000103 100 1 15 7.5× 10
−5 3.70 0 3 0.03 0.001 120 24.36104 100 1 15 2.88× 10
−4 0.96 0 3 0.03 0.001 120 28.51105 100 1 15 4.0× 10
−4 0.69 0 3 0.03 0.001 120 0.0000106 100 1 15 5.0× 10
−4 0.56 0 3 0.03 0.001 120 0.0000107 100 1 15 5.0× 10
−4 0.56 0.3 3 0.03 0.001 120 0.0000108 100 1 15 5.0× 10
−4 0.56 0.4 3 0.03 0.001 120 0.0000109 100 1 15 5.0× 10
−4 0.56 0.5 3 0.03 0.001 120 23.00110 100 1 20 5.0× 10
−4 0.56 0 3 0.03 0.001 120 34.94111 200 1 4 1.5× 10
−4 1.85 1 3 0.03 0.001 120 0.0000112 200 1 5 1.0× 10
−5 27.78 0 3 0.03 0.001 120 4.280113 200 1 5 4.25× 10
−5 6.54 0 3 0.03 0.001 120 1.784114 200 1 5 7.5× 10
−5 3.70 0 3 0.03 0.001 120 0.0804115 200 1 5 1.5× 10
−4 1.85 0 1 0.03 0.03 120 0.0000116 200 1 5 1.5× 10
−4 1.85 1 3 0.03 0.001 120 4.050117 200 1 5 2.5× 10
−4 1.11 0.8 3 0.03 0.001 120 0.0000118 200 1 5 2.5× 10
−4 1.11 0.9 3 0.03 0.001 120 3.735119 200 1 7 1.5× 10
−4 1.85 0 1 0.03 0.03 182 8.775120 200 1 7 1.5× 10
−4 1.85 1 1 0.03 0.03 182 8.5674



Model parameters for individual runsTest size grid vy t−1

θ tθ f xs
δθmax

local

θ0

δθmax

random

θ0

time rain rate121 200 1 7 1.8× 10
−4 1.54 0 3 0.03 0.001 120 0.0000122 200 1 7 2.1× 10
−4 1.32 0 1 0.03 0.03 360 0.0011123 200 1 7 2.1× 10
−4 1.32 0 3 0.03 0.001 360 0.0000124 200 1 7 2.1× 10
−4 1.32 1 1 0.03 0.03 120 7.873125 200 1 7 2.5× 10
−4 1.11 0 3 0.03 0.001 120 0.0000126 200 1 7 2.5× 10
−4 1.11 0.5 3 0.03 0.001 120 0.0000127 200 1 7 2.5× 10
−4 1.11 0.7 3 0.03 0.001 120 0.0008128 200 1 7 2.5× 10
−4 1.11 0.8 3 0.03 0.001 120 7.816129 200 1 7 3.0× 10
−2 0.01 0 1 0.03 0.03 364 0.0000130 200 1 10 1.5× 10
−4 1.85 0 1 0.03 0.03 60 17.93131 200 1 10 1.5× 10
−4 1.85 1 3 0.03 0.001 120 17.09132 200 1 10 2.5× 10
−4 1.11 0 3 0.03 0.001 105 14.67133 200 1 10 2.5× 10
−4 1.11 0.5 3 0.03 0.001 120 14.70134 200 1 10 3.0× 10
−4 0.93 0 1 0.03 0.03 120 13.53135 200 1 10 6.0× 10
−4 0.46 0 1 0.03 0.03 120 11.47136 200 1 10 7.0× 10
−4 0.40 0 3 0.03 0.001 120 0.0053137 200 1 10 8.0× 10
−4 0.35 0 1 0.03 0.03 120 0.0036138 200 1 10 1.0× 10
−3 0.28 0 1 0.03 0.03 120 0.0018139 200 1 10 1.5× 10
−3 0.19 0 1 0.03 0.03 120 0.0000140 200 1 10 3.75× 10
−3 0.07 0 1 0.03 0.03 120 0.0000141 200 1 15 2.5× 10
−4 1.11 0 3 0.03 0.001 120 27.24142 200 1 15 2.5× 10
−4 1.11 0.5 3 0.03 0.001 120 27.37143 200 1 15 1.5× 10
−3 0.19 0 3 0.03 0.001 120 15.80144 200 1 15 2.5× 10
−3 0.11 0 3 0.03 0.001 120 13.74145 200 1 15 4.0× 10
−3 0.07 0 3 0.03 0.001 120 0.0000146 200 1 15 6.25× 10
−3 0.04 0 3 0.03 0.001 120 0.0000147 200 1 15 1.0× 10
−2 0.03 0 3 0.03 0.001 120 0.0000148 200 1 15 3.0× 10
−2 0.01 0 3 0.03 0.001 120 0.0000149 200 1 20 2.5× 10
−4 1.11 0 3 0.03 0.001 120 37.922 ReferenesSessions, S. L., S. Sugaya, D. J. Raymond, and A. H. Sobel: Multiple equilibria in a loudresolving model. Submitted to J. Geophys. Res. � Atmospheres.

5


