Simplified Microphysics

cloud
droplets

fall out 0 (reversible)
(precipitation) = oo (irreversible)



Simplified Microphysics
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More Simplified Microphysics
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Saturation Adjustment Algorithm

|. Adiabatic. No phase

changes involving cloud
droplets (C=0):

0", w" — 0%, w*

2. Isobaric. Only phase
changes involving cloud

droplets operate (|C| >
0):

(9*, ”LU* _ (9n+1, wn—l—l




Saturation Adjustment Algorithm

|. Adiabatic. No phase

changes involving cloud
droplets (C=0):

(9”, w"” — (9*, w*
(6", w*) = (6", w")
2. Isobaric. Only phase

changes involving cloud

droplets operate (|C| >
0):

(9*, ”LU* _ (9n+1, wn—l—l

6m—|—1’ w1l — (6’* i AH, w* - A@U)



Saturation Adjustment Algorithm

2. Isobaric. Only phase
changes involving cloud

droplets operate (|C| >
O) n+1
Hn—l—l wn—l—l _

(0" + AH w* + Aw)

.
Conservation of energy P

(First Law of Thermodynamics):
0 =c,mA0 + LAw or ;
0 = c, AT + LAw &

J

n

(Adjusted state is exactly saturated:
wn—l—l — ws(ﬂ.en—l—l’pn—l—1> Or
wn—l—l = W, (Tn+17pn+1)

\_ J




Saturation Adjustment Algorithm

0 =c,mA0 4+ LAw

wn—l—l = W, (7.‘.6m—|—1,pn—|—1)

which can be written as

4 )

0 =c,m(0"t —0*) + L(w" ™ — w*)

wn—l—l — W, (7.‘.(9n—l—1’pn—|—1)

\_ J




Saturation Adjustment Algorithm

(977,—|—1 i /ywn—l—l — H* £+ vw* (5)
where v = L/(c,7).

conservation of suspended water mixing ratio (Vé,por and cloud droplets),

n+1 ln+1 _ U]* l* (6)

w

We first assume that the air will be exactly saturated after adjustment, so that
wn—|—1 _ wS(T"H,p”“), (7)

where wg(T), p) is the saturation mixing ratio,

w, (T, p) = O.622p isgj()T), (8)

and e4(T) is the saturation vapor pressure. One may use Bolton’s (1980) formula for
es(T):

17.671.
es(T) =6.112 exp( ror ) ,

1.+ 243.5
where e, 1sin mb, T, =1 — Ty, and Ty = 273.15 K.

(9)




Saturation Adjustment Algorithm

Equation (7) closes the set (5), (6), and (7). However, this set must be solved
iteratively because wy is a non-linear function of T'. To obtain a direct (non-iterative)
solution, expand wy in a Taylor series in T' about w,(T*, p"*!) and neglect all terms
of second and higher order:

Ow, )
aT T=T* ’p:pn—|—1

The set (5), (6), and (10) can now be solved algebraically for 6", w™*! and ™!

w" T~ w (T*, p" ) + < (T —T7). (10)



Saturation Adjustment Algorithm

To solve the set, we first write (10) in terms of # instead of T

wn—l—l _ w;k i a*(9n+1 o (9*)7

where w* = w,(T*, p"*), o* = o(T*, p"1), and

B T de;
ot =062 (i)

For de,/dT, one may use the Clausius-Clapeyron equation:

de, Le,

dI"  R,T?%
where L = 2.5 x 10° J/kg and R, = 461.5 J/(kg K).

Now use (11) in (5) to eliminate w™*. Then solve for #""*:

o =0+ sz* (w* — w?).

(14)

Once 0™ is known from (14), we can immediately obtain w"™*! from (11), and {"*!

from (6).



Saturation Adjustment Algorithm

If w™t < w*+1*, then (6) implies that ("' > 0.
If w™t! > w*+1*, (6) implies that ("' < 0, which

means that our assumption of saturation is incorrect.

Therefore,
"t =0

replaces (10). Then (5) and (6) become

wn—l—l __ w* _I_ l>|<7

(971—|—1 _ 9* o /y(wn—kl o w*)






