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ABSTRACT

A gencralized Newton-Raphson procedure is used to caleulate the amount of moisture
which should be removed when the air in a grid cell of a dynamical weather model
becomes supersaturated. A test of the procedure shows that iteration ix unnceessary:
one pass leaves a residual supersaturation in the parts per million range.

This paper addresses a problem encountered
in numerical weather simulation using a dynam-
ical model with a hydrological eycle. The air in
a grid cell can become supersaturated because
of time truncation. It then becomes necessary
to invoke a time-diseretized model for large-
scale condensation in the cell. Just enough
moisture should be removed, with concomitant
release of latent heat, to leave the air exactly at
saturation.

Thus let us suppose that the absolute air tem-
perature in the grid cell is 7'y and the mixing
ratio is g, with ¢, q(T,). where ¢,(T,) denotes
the saturation mixing ratio. Large-seale con-
densation should then warm the air to a new
temperature 7T and reduce the mixing ratio to
q,(T). Thus
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where L denotes the latent heat for the phase
change. In principle, L depends on temperature,
but in practice 7' is close enough to 7', for this to
be ignored. Since g, is a complicated function of
temperature, solution of (1) must be carried out
by an approximative procedure. To express the
problem another way, we seek the zero-crossing
of F(T), where

F(T) =T -1 +Hlg(T) ~q,]  (2)

in which H denotes L/c,.

To obtain a rapidly convergent algorithm, we
use the generalization of the Newton-Raphson
procedure which employs the first and second
derivatives of F. Thus we take
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and the problem now involves evaluation of F’
and /" in convenient terms. From (2),

F(T) -1+ Hq(T), F(T) - Hqy(T) (4)

To proceed, we use the relationship between
qs and the saturation vapor pressure e, namely

g - (5)

where p is the air pressure and r is the ratio of
the cffective molecular weights of water vapor
and dry air, i.e., r =0.622.

Next we employ the relationship between
saturation vapor pressure and Kelvin tempera-
ture, viz.,

e, =eqexp (A - B/T) (6)

where e, is an arbitrarily chosen reference pres-
sure and 4, B are empirical constants, with the
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value of A related to the choice of e, (If ¢, =1
millibar, then A4 --21.656; B:-5418 degrees
Kelvin.) Substituting (5) and (6) into (4) yields

F/(Ty) -1 +HY (7)

F(Ty) = (2HY|To) {(B/To)lg(To)/r +1/2] — 1}
(8)

where

Y = (B]T)g(To)[1 +qy(To) /1] (9)

Since F(T,) — — H[q, ~q,{(T,)],substituting these
results into (3) vields

T =Tyt AT (10)

with

A
AT Al {l - Té i +7EI; [B(Qs(To)/r+ 3) - To]}
where A, is the first-order Newton-Raphson
correction, 1. e.,

__Fay)  H 7
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From (1), the corresponding decreasing in mix-
ture ratio is AT/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., 100(q, —q,(T4)})/q,(T,). The ordinate, plotted
on a logarithmic scale, is the residual super-
saturation in parts per million, i.e. 106(q0~
AT/H —q,(Ty, +AT))/q(T, +AT). To each value
of T, there corresponds a stripe, rather than a
single curve, because the computation depends
to some extent on the air pressure. The top
curve of each stripe corresponds to p =400 milli-
bars, the bottom curve to p =1 000 millibars.
Over the range plotted, the residual decreases
monotonically with increasing pressure for fixed
initial temperature and supersaturation. This
last feature would not persist if the abscissa were
extended.

However, the main conclusion to be drawn
from Fig. 1 is that the algorithm converges
rapidly. Since residuals in the parts per million
range are quite acceptable, no iteration is re-
quired for supersaturations likely to be en-
countered in a realistic dynamical weather
model.

BBICTPO CXOAANIAACAH MPOUEAYPA JJA BHIMUCIEHUA KPYITHOMACHITABHON
KOHAEHCALINN B JUHAMUYECKON MOJIEJIU TOTO bl

s BLIUMCIEHHMA KoJM4ecTBa BJArM, KOTOpas
JoiEHA OBLITH YAaJleHa, KOTAA BO3AYX B TOUKe
CeTKU JHUHAMHUUYECKO MOjenu NOTogbl CTaHO-
BUTCH CBePXHACHIIEHHBIM, WCHOJb3yeTcA 06-
obmenHaa npoueaypa Hpiorona-Padcona. Hc-
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NpITaHNE NpONEeAypbl INOKA3BIBAET, YTO HUTEPH-
poBaHNue He HABJIAETCA HeOOXO[UMBIM: OJHA
UTEpanuAd MNOPUBOIUT K OCTATOYHOMY HacChILIe-
HUKO NIOPAJIKA MUJIIUOHHBIX nodeit.



