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Exploration of superrotation by development of hierarchical numerical models of
planetary atmospheric circulation
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Towards the understanding of Venusian fastly rotating atmosphere,
superrotation, hierarchical numerical models for atamospheric dynamics and geophysical fluid
dynamics have been developed. | found a strong dendence of large-scale numerical results on
numerical methods from preliminary experiments using existing atmospheric general circulation
models. To understand such numerical dependence and to develop the hierarchical models, | developed
an environment for experimental numerical calculations by using a scripting programing language Ruby

and published as a library.
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2 require "numru/gphys" K"‘}:
3 require "numru/ganalysis" gs GPhys.prepare_fft_wavenumber (vor)
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5 require "../../lib/gphysmath.rb" GPhyS.use fft:
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8 include NumRu
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10 include GPMath
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16 Beta = UNumeric[0.0E-11, "m-1.s-1" ] HD*lap(zeta)
17 R = GAnalysis::Planet.radius 61 return NArray.to_na([zeta_tendency])
18 Omega = GAnalysis::Planet.omega 6
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A S G . zeta_tendency = -jacobian(psi,zeta)
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"units"=>"m"},
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25 # 2RITIKE 64 # Vorticity equation on 2D-sphere
26 # grid = GPhys.domain2Dsphere(64,R) # S|¥IIREHBRDIEF 65 voreq2Dsphere = lambda {|gpna,t|
Heg 66 zeta = gpna[0]
=t 67 psi = invlap(zeta)
27 68 zeta_tendency = -jacobian(psi,zeta) - 2*Omega/
28 # RYRE (AE) R*psi.dx + HD*(lap(zeta) + 2/(R*R)*zeta)
p P
29 vor = GPhys.make var(grid, 69 return NArray.to_na([zeta_tendency])
30 {"name"=>"vor", "long_name"=>"vorticity", ] }
CR AN /
;_mlts BRI 72 ofnl = "vor.nc"
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auto_write:
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7 while (dt*i < T) do

auto_write(ofnl, gpna[0], i, false)
38 ##########_#### ~ 79 gpna = TimeIntegration.rk3(gpna,dt,l,&voreg2Dplane)
39 # YUY RT—9T523158
40 xc0 = 4000E3; yc0 = 5000E3; xcl = 6000E3; ycl =
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43 wval = vor.val
44 grid.shape[l].times{|j]|
45 grid.shape[0].times{|i|

80 # gpna = TimeIntegration.rk3(gpna,dt,
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47 rl = sqrt( (xval[i]-xcl)**2 + (yval[j]-ycl)**2 ) 92 L=l

48 val[i,j,0] = (exp((rlen-r0)/rlen*2) + exp((rlen- if gpna[0].max.to_f.nan? then‘ .
rl)/rlen*2))*1.0E-5 84 raise "!!! Numerical Instability occurs !!!"
49 } 85 end

50 } 86 end
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