Smith Cloud Scheme

Variables

T, liquid water temperature

Ow total water (all phases)

dc grid box mean cloud condensate. This quantity must be non-negative.

Qc mode of cloud distribution. This quantitiy can be positive, zero or negative.

Slocal deviation from Q¢

gc local cloud water content (note - although this variable is primed, it is not a perturbation)
C cloud fraction

Cloud conserved variables

T|_ =T — LqC/Cp (1)
Ow = 0 + Oc (2)
Prognostic equations
d
% = (c)a + (Uo)o + (Go)rm + (Ao)s + (Ge)e + (Ac)ev (3
d
d_? = (Pa + (@p + (v + (Ds + (Qp + (Pcv 4)
dT . . . . . . . . .
qa - (MDa+ (Mp + (D + (Mr+ (M + (T)s + (Me + (Mwr + (Tev (5
Notesfor cloud conserved variables
(Ow)s = (Gc)s + (s = 0 (6)
(Tos = (Ms— L(te)s = 0 (7
Equation (2.19) - the grid box mean cloud water
Qc = Gw — Gsar (T) (8)
Assume that T is not know, only gy and Ty, are known. From (1) and (8)
Qc = Ow — Qaar (TL + LQc/Cp) )
Solve a linearised version of this equation for Q¢
d L
Qc = aw — QGsar (TL) — %TL%
5 Qc ~ a (Qw — Gsar (T) (10)
_ d gsar L_l
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Equation (2.20) - the perturbation to the grid box mean cloud water
Perturb the known variables (Qy and Ty) by gy and Tyy. What is the perturbation in Qc, S?

S=Qc=a(qw+ gw — dsar (TL + TD)) — a.(aw — gsar (T)
= agw — s (TL + TD + afsar (TD)
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Equation (2.21) - the standard deviation of s
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o= (6-9) = ((aldy - aT0))

e 172
a (o + T - 20,0 T1)

Equation (2.22) - local cloud water content

dc = Qc + s
as long as Q¢ is non-negative. Set to zero if negative - this leads to Eq. (2.22).

Equation (2.23) - mean cloud fraction
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(14)

(15)

This is the fraction of the volume of the grid box that has cloud. This could be defined via the

volume integral

[dvé(g > 0) 0 forge = 0
C = o(gc > 0) =
[dv 1 forge > 0

Let the normalised distribution function for cloud be G (S). Then
C = j dsG(9d (g > 0)

where the d-function is present to allow only those S that have non-zero gc. This can be
achieved by adjusting the integration limits

C = T dsG(9
—Qc

Equation (2.24) - the grid box mean cloud water content

G = [ dsqeG(9) = [ ds(Qc+9G(9
—-Qc —-Qc
N.B. What is the difference between Q¢ and gc?

What isthe standard deviation of G?
The functional form of G
s/ (602) + 1/(\60y) /60, < <0
G(S) = { —s/(602) + 1/(\/60) 0 < s < V6o

0 otherwise
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(405 — 303) = os (20)
This confirms the form of G (S) in Fig. 1 of the paper.

Equation (2.25) - the critical relative humidity

Cloud just forms when ¢ is just zero everywhere. Insert gz = 0 and S = V605 into (15). This
gives Qc = —/60s. Since there is no condenstate, all water is vapour, ¢ = Q. The relative
humidity under these conditions is RH¢. From (10)

— V605 = a,(q - Gsar (TL))
\/6(75 _ (1 q )

Osar (TL) " Qear (TD)
= a (1 - RHp)
V605
RHc =1 - ——— 21
¢ a Qsar (Ty) (1)

Equations (2.26) to (2.28) - to makethe critical relative humidity independent of
temperature

As it stands, (21) is dependent upon temperature (through gsat and a.). We may choose o5 such
that this is not the case. Choose

os = A fsat (TO)f (Gw/ dsar (TL)) (22)
where Qw/ Qsar (TL) = RHc at this point, Ais a constant and f is an arbitrary function. A
follows from (21) and (22)

RHc = 1 — V6Af (Gw/ Gsar (TL)
1 — RH¢

A= (23)
V6f (aw/ gsar (TL))
For simplicity, the paper chooses f = 1 leading (22) to
_ a0 (T = RHc) (24)
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