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ABSTRACT 

A gc:ti~~raIiz~x~ Newton-Raphson procedure i s  iisctl to calculate the amount o f  moisture 
which should be removed whcw the air in a grid cc:ll o f  a tlpnamical wrathcr model 
becornw supr.rsatiirated. A t e s t  o f  thr procednrc shows that iteration is rinrwccssarp: 
one pass Iravw a rasidual supwaturation in thc part,s pcr million rang(’. 

This papc’r ; ~ t l t l r ~ c w c s  a problem c~riroiitit~cred 
i n  numerical \ v ( ~ ~ t h ( s r  sirniilation using i t  dynam- 
icnl inode1 xvith a Iiytlrological cycle. ‘IYw air in 
a grid cell C ~ I I  Iwcwnrc supersatimttc,tl brraiise 
o f  tiin(, triiricatiori. I t  then hecoinrs ticw’ssary 
to inr-okr t i  titirc.-tlisct,~.tize(l inodvl ~ ( J I .  large- 
scale contl(.tis;ttiori in  the cell. Jiist ctriorigh 
moisture sho~tltl kw rc~inovcd, with corrcoinit~ant 
relrnse of Iatctit Iicvit, to leave the air c,x:ic:tly at, 
satnratioii. 

Thus let iis srtpposc~ that the ahsolittc, air tcm- 
pcmture in t h c s  grid cdl is T o  and thcx mixing 
ratio is q0 \vith q0 qs( T o ) .  \\-her(% qS( T,J )  tl(~notes 
the saturatiori riiixirig ratio. T ~ w g t ~ - s c ~ t i l c  coi l -  

densation shoiil(l thcn warm the  air to a new 
temperature T i ~ t i t l  reduce the mixing ratio to  
q,(T) .  Thns 

c P v ’  2’”) ~ Lrqo Q,(T)I ( 1 )  

wherc L c l c ~ t i o t c ~ \  thr latent heat for the phase 
change. In prtttciplt~, I, depends on temperature, 
but in practice T 15 close enough to To for this to 
bo ignored. Siticc~ q, 14 a complicated function of 
temperature, solution of (1) must hc carried out 
by an approximative procedure. To express the 
problem another a.v. \ve seek the TWO-crossing 
of F ( T ) ,  \there 

B’(T) ~ T ~ To -H[rls(T) Qol  (2 )  

in which H denotes Llc,. 
To ot)taitr a rapidly corivcrgcnt algorithttr. \v(x 

nsc thc. gcwc~ralization of thc Newton-Rnphson 
proc(~litrc which employs tlic first a n d  stw)r~d 
tl(~r~ivntivc~s o f  F .  Thiis \\-c titke 

\vliere J I  is the air pressiirc. i tr id r is the ratio o f  
thcx cffectivc inolecular \wights of water vapor 
and dry air, i.e., r 7 0.622. 

Ncxt \vc employ the idationship betuc.cbti 
saturation vapor pressiirc: arid Kelvin tompera- 
ture, viz., 

(6)  

where e ,  is an arbitrarily chosen reference pres- 
siirc and A ,  B are empirical constants, with th r  
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e, - e ,  exp ( A  -BIT) 
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value of A rclated to the choice of e,. (If e ,  = 1 
inillibar, then A 21.656; B 5 418 degrees 
Kelvin.) Substituting (5)  and (6) into (4) yields 

F’(T,) = 1 HI7 ( 7 )  

F”(T0) (2HL’/T,) {(WT0)[qs(To)/r + 1/31 - 11 
(8)  

u here 

I’ - (R/Ti)qs(To)[l  +qs(To)lrl (9) 

Since F (  T o )  
results into ( 3 )  yields 

- H [ g ,  -qs( T,)],siibstitut~tig these 

uith 

A T  -1, 

where A, is the first-order Newton-Raphson 
correction, i. e., 

From ( I ) ,  the corresponding decreasing in mix- 
ture ratio is A T / H .  

Results obtained with one application of the 
procedure described above are illustrated in 
Fig. 1, which requires some explanation. The 
abscissa is the percent initial supersaturation, 
i.e., lOO(q ,  -qs( To))/qs( To). The ordinate, plotted 
on a logarithmic scale, is the residual super- 
saturation in parts per million, i.e. 10“(q, - 
AT/H - qs( T o  i- AT))/qs( To + A T ) .  To each value 
of To there corresponds a stripe, rather than a 
single curve, bccause the computation depends 
to some extent on the air pressure. The top 
curve of each stripe Corresponds to p = 400 milli- 
bars, tho bottom curve to p = 1 000 millibars. 
Over tho rango plotted, thn residual decreases 
monotonically with increasing pressure for fixed 
initial temperature and supersatmration. This 
last feature would not persist, if tht, abscissa were 
extended. 

However, th r  main conclusion to be drawn 
from Fig. 1 is that the algorithm con\-erges 
rapidly. Since residuals in the parts per million 
range are quite accrptable, no iteration is re- 
quired for supersaturations likely to be en- 
countered in a realistic dynarnical weather 
model. 
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