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Introduction Generalized Vertical Coordinate (n) Continuous nonlinear
equations

We present the de.velopment of a new cloud rT\odeI with an elastic, non- Domain I Isentropic 0. — DI’)’, adiabatic, frictionless motion
hydrostatic dynamical core for use in the multi-scale modeling framework. The 00 Domain III
model uses multiple vertical coordinates: n= ;3 ' 12, where 713 =0 —0, = constant. n=0) F3=0: 9, Horizontal momentum: DY | FkxV = —6(V, 11 - 21 v, ¢)
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* A height-based terrain-following coordinate, similar to that of Gal-Chen and
Somerville (1975), near the surface Domain ll: Hybrid isentropic/height-based terrain-following
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Vertical momentum:

* A hybrid isentropic/height-based vertical coordinate similar to that of Konor —/\ . ,
and Arakawa (1997), to take advantage of the semi-Lagrangian properties of n= f(2) + g(2)7(0), where g(z) = 0; 5 2 N —/\ —h _ Mass conservation:
the isentropic coordinate throughout most of the free atmosphere f(z)>0, g > 1; z-z n:f(e,z)¢ Geobotential prediction:

* An isentropic coordinate (which is tested in the linear analysis but will most P P '

. , . , A suitable choice for g(z) isg(z) = 1 — (<= ", where r is a constant and hy = z; — 75 . | .
likely be omitted in the nonlinear model) , ( 2 ) , ,2 I ’ , Thermodynamlcs:

Following Konor and Arakawa (1997), we can ensure that 7 is a monotonically increasing |
We have chosen the continuous form of the equations to be used and worked function of height by defining i, and (90/dz). . as lower bounds of 7(6) and static 23 = Pseudo-density:
out the vertical staggering. Use of the “Charney-Phillips” grid removes the stability, respectively, and choosing f(z) from <L + Z& 7., + g 4= (%£) =0, Domain I h,=z; - zg

ol oflo . . . . Z Z Z “min = _ 1 1 .
possibility of a stationary vertical computational mode in the thermal field. Here D n= Vertical n-velocity:
we present an analysis of the linearized form of the equations and the vertical Domain |- Height-based terrain-following %S ety M is the Montgomery potential and I1 is the Exner function.
discretization. Surface
{—Z —>
n= = where  hy(x, y, 1) = zp(x, y, 1) — 25(x, ). X

2D model results

Model description:

Continuous 2D linearized equations for each domain Vertical staggering and vertically discrete

Finite differencing in vertical and horizontal Vertical domain = 24 km
I I I I I I I = - = = Horizontal staggering -- Arakawa “C” grid Horizontal domain = 24 km
Linearized about a resting, isothermal, hydrostatic, horizontally homogeneous basic state linearized equations each domain | Tone freneg - Vvt o rce
No bottom topography (for simplicity) + Upper boundary - rigid lid Vertical grid spacing = 500 m
Domain I Domain 11 Domain II1 Lower boundary -- no topography Horizontal grid spacing = 500 m
y j ¢ Z : Horizontal boundaries -- periodic Time step = 0.5 s
B %—t— a_MJ/t v i o \;er(tiical Lx w \;er(tiical Lx j \;er(tiical Lx w
Zonal momentum: G fv=-0 - g% (@ aa—ré' +82') ~a tlae L ==t I+% 1+% 1+% * Vertical coordinate -- can be run using various 48 levels
39 [( 39 )_1 M oM ( a9 )_2 pia ] Prognostic Diagnostic Prognostic Diagnostic Prognostic Diagnostic combinations of vertical-coordinates, i.e. can be
ox L\ an an an \ an an Hl= === = variables variables L= = = = = variables variables = = = = = variables variables configured to use pure theta-coordinates, pure Basic state temperature = 300 K
Vert|ca.| momentum: W o__Lga +g% _ 8 o _ _gﬁ(@)_l a0 _g(@)—l a9 o' :_gg(i)_l[ﬂ _a4n (ﬁ)—l a0 [+ w0 n, @ [+ w,0’, @’ n’ [+ w,®’ height-based coordinates, hybrid theta-z Basic state surface pressure = 1000 hPa
° hy n hy ot on an 0 on on ot n n n n on ;o I/l’, V’, m; H’, p” 0 ;’ T’ ;o _ I/l’, V’, m’ H’, M,, p!’ 0 ’, T’ ;o _ l/l’, V’, m; H’, M,, pl’ 0 ’, T; coordinates, or combinations Of these
MaSS conservation: %+m(%+%)+%”'+%f’1=0 %me(%_i*%in)*%””r%ﬁ’zo %’+m%’=0 I-% w.,0’ n, -1 w,0, @ n 1-1 w,®’ Initial condition: A 90 q
— - ) } tt= seconds
Geopotential prediction: Gt e e G=ew T oo T “kinetic energy pulse”
1-3 1-3% I-3
ThermOdynam iCS: a_aet:_ + g—z‘ I/[, + Z_Z— f]l = 0 %‘ + Z—Z' M’ + g—g— 77’ = O i In-itia:l ct:nd.iti:(::{lz%sllia):;r%calIcoi)rdinate ::n-fig:;Itf):nI
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» - - Note: Similar results are obtained for all
o (_77)z+1/2 M1 = 8 Wis1/2 % =8 Wi vertical-coordinate configurations
Normal mode analysis 5 (), n =0 52+ (), e =0
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A * Maintain mass and energy conservation
The frequencies of the waves represented in each of * Make optimal use of the hybrid isentropic/height-based coordinate for any profile of static stability
the three coordinate systems closely coincide with e T T  Use a time differencing scheme which is stable despite the presence of vertically propagating acoustic waves N :
each other except for gravity waves of high vertical Number of internal nodes in the vertical Results of £ oh ’ del. which will incluc _ breaki 11 be forth , uf_; W . r‘“ﬁl" W,
: : esults of tests of the nonlinear model, which will include gravity wave breaking, will be forthcoming. oy ¥ ml iy
wave number represented by hybrid coordinates. ’ sravity & & Nt
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