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Vertical Modd Grid

L ocation of variable valuesin avertical grid.

___Model topboundary__ sy2=0, sSy2=0, Patop
_____________ CIl, qV,l! W, VA, pa,l
S142, S1+y2, Pa1+12
_____________ q21 qV,21 u2, 2, pa,Z

Sk-72, Sk-72, Pak-12
_____________ qk! q\/,k! Uk, Vk pak
Sk+12: Sk+J2, Pak+l2

_____________ k+1, Qv k+L Uk+1,  k+1, Pa, k+1

SN -2: SN_-3¥20 PaN_ -2

_____________ qNL! q\/,N|_1 uNL’ VNL! pa,NL
_Model bottom boundary_ s N, +32 =0, sN_ +y2=1 Pasurf



Estimating Sgma L evels

Estimate altitude at bottom boundary of each test layer

& ko
Ze+)2,test = ZtOp,testcé‘l' N_L(_/J fork =0,...,.N_ (7.2

Find pressures from table --> sigmavalues

p - p
Sy = —2RARt Tatoples ¢ o NL (7.3)

Pa N_ +¥2,test - Pa,top test

Pressure at the bottom boundary of a model layer

Pa,k+1/2 = Patop T Sk+12Pa (7.4)



L aver-Midpoint Pressure

Pak- 172 =700 mb

___________________ qv’k =308 K
Pak+y2 =750mb
___________________ Qv k +1 =303 K

Pak+3y2 =800mb

Pressure at the mass-center of alayer

Pak = Pa k-2 + 0-5(pa,k+1/2 - pa,k—]/Z) (7.5)



L ayer-Midpoint Pressure

Pressure where mass-weighted mean of P islocated
When pot. virtual temp. increases monotonically with height

pa = (1000 mb)p./" (7.8)
Mass-weighed mean of P (7.6)
~ 1 Pak+y2 1 g Pak+y2 - R-12Pak- 129
= Pdpa = =
Pak+y2 - Pak-2 Pak-u2 1+k Pak+1/2 - Pak-12 g
Values of P at layer boundaries
k
Rery2 = ( Pak+y2 /1000 mb) (7.7)

Consistent formulafor potentia virtual temperature at alayer boundary

(FT(+J/2' I:I<)qv,k+ (FT(+1' Pk+J/2)qv,k+1
Per1- P

dv,k+1y2 =
(7.9)



Finite Differencing the Continuity
Equation for Air

Prognostic equation for column pressure

5 16 0
RE cos ] cﬂ’t 2 =-Q§ﬂ|i (upaRe) - (vpaRecos] ) s
e

[

S Us
(7.10)
First-order in time, second-order in space approximation
(Récosi DI oD} ). j?)a’t et h (7.10)
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Arakawa C Grid
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Prognostic Equation For Column
Pressure

Define horizontal fluxesin domain interior

ép .’. +p ’.+11. . u
F+12,jkt-h :% 2 2 == (UReDJ )i+:|/2,j,k6[
- h

(7.13)

_€Paij *Paij+ - u
Gij+y2kt-h=g > (VRecosj DI e)i,j +yz,kHt_ )
(7.14)

Define horizontal fluxes at eastern and northern boundaries

Fl+y2,) kt-h = a1, j (UReDI )j4y2 ,-,k}jt_ i (7.15)

Gi,g+y2kt-h =gPaid WRe 0 Dl e} juyokg (710

Prognostic equation for column pressure

h

R cosi D1 e )

Pai,jt =Pai,j,t-h- ( (7.12)
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Vertical Velocity

Diagnostic equation for vertical velocity

-

) S o)
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e

Q)

(7.17)

Finite difference equation

[sparbeosiDied )\ ) -
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Substitute fluxes and rearrange --> vertical velocity
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Species Continuity Equation
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Species Continuity Equation

Substitute fluxes --> equation for moist-air mass mixing ratio

I,J’ ) - . . . -
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Interpolate mixing ratios to vertical layer top and bottom

N _Ingjjk-1-1ndjjk
di,j k-2 —(

]/CIi,j,k)‘ (J/Qi,j,k-l)

Qi j k+y2 = ik T et (7.23)
I, ) + - -
| (Wi kea)- (Yaiix)



Thermodynamic Energy Equation
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Write in finite difference form and substitute fluxes
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The u-Momentum Equation

61 V| 2 1 -\ - T
Re cos] g (Pattly + & e(an ) + 5 (PauvRe cos )Hg + PaRe cos] - (su)
N = g 1P p, 0
= paUvReSin| +pava% Cos| - Re%pa_'ﬂl +scpngE ‘ﬂFI) _ﬂs
e e
+ K% cosj rBa (N-r K )u (7.26)

a
Fig. 7.3. Grid for differencing the u-momentum equation.
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Theu-Momentum Equation

Time difference term (7.27)
J ) B (pa,t' hm)H‘llz,J u Ki-h + h , I}
i+]’2,j, ,t - i+¥21j, ’t_ .
(Pa m)i+]]2,j (Pa m)i+ﬂz,j i

Horizontal advection terms (7.28)
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Vertical velocity term (7.29)
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Ds 12,
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The u-Momentum

Equation

Coriolis and spherical grid conversion terms

Re(D D ),y
2
Vi,j- 12 TVi,j+y2 88

Ul 12,j TUi+1 2,

(7.30)
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Pressure gradient terms
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(7.31)
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Eddy diffusion term
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The u-Momentum Equation

Column pressure multiplied by grid-cell area at a u-point
l (paDA) J +1 (paDA)|+1 J+1 :’I
|

(paDA)m,z,j=§§_+2-§(paDA)i, (pam).+1,uy (7.33)
F(paDA)i j-1 (paDA)|+1,J- 1b

Grid-cell area
DA = RE cosj Dl oDj (7.34)
Interpolation for vertical velocity term (7.35)
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The u-Momentum Equation

Interpolation for fluxes (7.36-9)

1
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u-values at the bottom of alayer (7.40)
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Boundary conditions for pressure-gradient term (7.41)
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Grid for Differencing the v-M omentum
Equation

Fig. 7.5.
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Vertical Momentum Equation

Hydrostatic equation

dF =-cpqgavdP

Geopotential at vertical center of bottom layer (7.56)

Fi N, t-h =FijN_+y2- Cpd|dv,N, (PNL - PNL+1/2)

ijt- h

Geopotential at bottom of each subsequent layer

Fi,jk+y2,t- h =Fi jk+1t-h - Cnd[qv,k+1(H<+J/2 - &+1) i,j,t-h
(7.57)

Geopotential at vertical midpoint of each subsequent layer

Fi,jkt-h=Fijk+y2th - Cp,d[qv,k(Pk- P|<+yz)

ijt-h
(7.58)



Time Stepping Schemes

Time derivative of an advected species

fla _
e f(q) (7.59)
Matsuno step

Explicit forward difference in time
Qest = qt- h +hf (at- h)
Solve for final value with another forward difference

gt = G- h + hf(des)

L eapfrog step

Finite difference form

Gt+h = qt-h +2hf(qt)

Fig. 7.5. Example dynamical time-stepping scheme
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