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ABSTRACT
Practical procedures for forecasting areas of overcast skies and precipitation are presented.
The forecast thickness field is relabeled as a forecast maximum precipitable water field. A
forecast actual precepitable water field is then graphically subtracted from this field to derive
a forecast saturation chart. The forecast saturation chart is then adjusted with the forecast
vertical-motion field. Isopleths of critical values on the adjusted saturation chart outline
forecast areas of overcast skies and areas of probable precipitation.

1. Introduction
Much research has been accomplished in the
area of prognosticating pressure systems, temperature distribution, vertical-motion fields and frontal
systems. Central Weather Facilities presently
provide the operational forecaster with reasonably
good products of this type. However, he is often
left to his own devices in adapting these products
to forecasts of specific parameters such as cloud
cover and precipitation. The accuracy with which
these parameters are forecast often leaves much to
be desired. Though presented with perfect prognostic charts, the forecast of associated cloud cover
and precipitation is often difficult. Also, any
group of forecasters utilizing the same perfect
prognostic charts would all arrive at different
forecasts of cloud cover and precipitation. The
forecast depends on the background, experience
and ability of the individual forecaster. The
semi-objective procedures introduced here may
contribute to the solution of this problem.
2. Theory
In principle, large-scale cloud formation and
precipitation, depend largely on (1) the degree
of saturation of the layer of air and (2) the largescale vertical motion within the air. The upward
vertical motion causes cooling of the rising air
mass, thus enhancing condensation and subsequent
cloud formation. Furthermore, providing that the
prevailing lapse rate is not superadiabatic, upward
vertical motion causes the stability within the layer
to decrease, thus enhancing precipitation proc-

esses [1].
Theoretically, there should be a
critical value of the degree of saturation and
upward vertical motion in a layer required to
produce cloud formation and precipitation.
Since most of the water vapor in the atmosphere
is concentrated in the layer between 1000 and
500 mb, the degree of saturation of the atmosphere
is approximated by the saturation of this layer.
An approximation of the mean saturation of this
layer is found by subtracting the actual amount of
water vapor in the layer ( W p ) from the maximum amount of water vapor ( W p max) the layer
could contain when completely saturated.
a. Actual precipitable water (Wp). The total
mass of water vapor in a small element of humid
air of one square centimeter cross section and dz
thickness is AM v — pvdz, [2], where the subscript v refers to humid air. And since we can
form the proportionality pa/pv\Ma/Mv where the
subscript (a) refers to dry air, then pv — pa
Mv/Ma = paW, where W is the mixing ratio.
Then AM v — palVdz and, by introducing the
equation of hydrostatic equilibrium, dp — —pgdz,
it is shown that AMV = paW/pgdp. Also, since
Pa ^ p, [3], then AM v ^ W/gpd where the units
are in centimeters. By converting from centimeters to inches, it is shown that AM v ^ 0.0004
Wdp (in inches). Therefore, the linear thickness
of liquid water that would be precipitated if all
were precipitated is given by the integral 0.0004
rp2

|

Jpi

W dp if the column extends from pt to p2 in

millibars. This integral can be approximated by
using finite increments of pressure. It's convenient

Unauthenticated | Downloaded 01/09/23 05:05 AM UTC

A^OL. 4 2 ,

No.

2,

FEBRUARY,

111

1961

TABLE 1. Table for converting thickness values to values
of maximum precipitable water the air can contain
at saturation (W p max values).

Thickness
(values X 10* ft)

169
175
179
181
183
185
187
188
189

Wp max (approximate)
(values of maximum
precipitable water
in inches)
l

4

1

2
3
4

1
H
U
if
2
Z

4

to choose increments of 250 mb and integrate in
two steps (i.e., from 1000 to 750 mb, and from 750
to 500 mb). By doing this, the precipitable water
(Wp) in each 250-mb layer is Wp = 0.1 W, where
W is the mean mixing ratio in each layer. The precipitable water in the 1000- to 500-mb layer is
found by summing the values for each 250-mb
layer computed in this fashion. Charts of the
precipitable water ( W p ) for the United States
are transmitted on the facsimile network from the
National Weather Analysis Center ( N A W A C ) .
b. Maximum precipitable water (Wp
max).
The maximum amount of water vapor a column
of air can hold at saturation is computed from the
formula in (a) above by substituting the mean
saturation mixing ratio for the mixing ratio (W).
Corresponding to each mean saturation mixing
ratio in the 1000- to 500-mb column, there is also
a mean virtual temperature. And, since the thickness of the column is proportional to the mean
virtual temperature, the 1000- to 500-mb-thickness
isopleths may be relabeled in terms of the maximum amount of water vapor the layer could
contain at saturation (Wp max values).
c. Degree of saturation of a layer. It is assumed in this study that the degree of saturation
in the 1000- to 500-mb layer is approximated by
the difference between the actual amount of water
vapor in the layer ( w p ) and the maximum amount
of water vapor the air could hold at saturation
(Wp max). That is, the smaller the difference,
the greater the saturation will be. The chart
representing the difference in these values (Wp
max minus Wv) is referred to as the saturation
chart.
3. Procedure
a. Maximum
precipitable-water
(Wv
max)
chart. Thickness charts of the 1000- to 500-mb

FIG. 1. Saturation chart, 1200Z 21 December 1959.
The dotted lines represent the precipitable-water { W P )
field (inches of precipitable water). The dashed lines
represent the maximum precipitable-water ( W v max)
field (inches of precipitable water). The solid lines
represent the subtraction of these two fields (W P max
minus Wv)—i.e., the saturation chart.

layer are transmitted by facsimile from N A W A C .
The thickness isopleths indicated in table 1 are relabeled with Wp max values, according to the
table, to obtain a Wv max chart. Trace these
particular isopleths onto a separate map.
(Wp
max values in table 1 are obtained as indicated in
2b above.)
b. Saturation chart (Wp max minus
Wp).
Trace the precipitable water (Wp) chart onto the
Wp max chart, and then graphically subtract the
Wp field from the Wp max field. The resulting
field is the saturation chart. Fig. 1 illustrates
this procedure for the synoptic time 1200Z 21
December 1959.
c. Composite saturation—vertical-motion chart.
The next logical step is to adjust the saturation
chart with the vertical motion field. Initial and
forecast vertical-motion fields are transmitted over
the facsimile network by the National Meteorological Center ( N M C ) . The composite saturation—vertical-motion chart is a graphical solution
of the following terms: (Wp max — Wp) — W
where W is a weighted vertical-motion parameter.
Notice that a positive W value has the effect of
reducing the saturation term (Wp max — Wp)
and a negative W value increases the saturation
term. The weighted verticle-motion field is derived by relabeling isopleths of verticle motion on
the N M C vertical-motion chart according to
table 2.
It is necessary to convert the N M C verticlemotion chart to a weighted vertical-motion field
in order to make the gradient of the verticalmotion field compatible with the gradient on the
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TABLE 2. Table for converting isopleths of vertical
motion to isopleths of weighted vertical motion.
Vertical motion in C M / s e c
(NMC Chart)

Weighted vertical
motion values

+6.0
+4.5
+3.0
+ 1.5
0
-1.5
-3.0
-4.5
-6.0

+ 1
+ I
+ 1
+ I
0
i
4

1
2
3
4

- 1

saturation field (i.e., increments of V4). Otherwise, graphical subtraction of the two fields would
be very difficult. Also, when the NMC verticalmotion chart is not analyzed for the values shown
in table 2, it is necessary to interpolate for isopleths of these values prior to relabeling. Fig. 2
shows the saturation field (Wv max minus Wv)
superimposed on the weighted vertical-motion
field (W) for the synoptic time 1200Z 21 December 1959. Fig. 3 shows the graphical subtraction
of these two fields, (Wp max minus Wv) — W.
This is the composition saturation—verticalmotion field.
A subjective composite saturation—verticalmotion chart can be derived by superimposing the
saturation chart on the vertical-motion chart and
subjectively adjusting the saturation lines. In
areas of upward vertical motion, the saturation
lines are displaced toward areas of lower saturation (i.e., toward larger values on the saturation
chart). In areas of downward vertical motion,
the saturation lines are displaced toward areas of
higher saturation (i.e., toward smaller values on
the saturation chart).
d. Overcast-sky and precipitation chart. Areas
of overcast skies and precipitation are outlined by
critical values on the composite saturation—vertical-motion chart. In general, overcast skies are
outlined by the %-inch isopleth, and areas of
maximum probability of precipitation are outlined
by the %-inch isopleth. Fig. 3 illustrates this
relationship.

FIG. 2. Saturation chart (WP max minus WP), solid
lines, superimposed on the weighted vertical-motion field
( W ) , dashed lines 1200Z 21 December 1959.

FIG. 3. Composite saturation—vertical-motion chart,
solid lines, 1200Z 21 December 1959. Cross-hatched areas
represent areas of observed overcast skies. Solid black
represents areas of observed precipitation.

4. Discussion
To accurately illustrate the effectiveness of the
procedure, it was desirable to eliminate errors
inherent in the thickness, precipitable water and
vertical-motion prognosis. Therefore, actual analyses are used in lieu of prognostic charts. These
analyses (figs. 4-12) were arbitrarily selected

FIG. 4. Composite saturation—vertical-motion chart,
solid lines, 1200Z 15 December 1959. Cross-hatched areas
represent areas of observed overcast skies. Solid black
represents observed precipitation.
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FIG. 5. Composite saturation—vertical-motion chart,
solid lines, 1200Z 17 December 1959. Cross-hatched areas
represent areas of observed overcast skies. Solid black
represents observed precipitation

FIG. 8. Composite saturation—vertical-motion chart,
solid lines, 0000Z 22 December 1959. Cross-hatched areas
represent areas of observed overcast skies. Solid black
represents observed precipitation.

FIG. 6. Composite saturation—vertical-motion chart,
solid lines, 0000Z 18 December 1959. Cross-hatched areas
represent areas of observed overcast skies. Solid black
represents observed precipitation.

FIG. 9. Composite saturation—vertical-motion chart,
solid lines, 1200Z 22 December 1959. Cross-hatched areas
represent areas of observed overcast skies. Solid black
represents observed precipitation.

FIG. 7. Composite saturation—vertical-motion chart,
solid lines, 0000Z 21 December 1959. Cross-hatched areas
represent areas of observed overcast skies. Solid black
represents observed precipitation.

FIG. 10. Composite saturation—vertical-motion chart,
solid lines, 1200Z 28 December 1959. Cross-hatched areas
represent areas of observed overcast skies. Solid black
represents observed precipitation.
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FIG. 11. Composite saturation—vertical-motion chart,
solid lines, 1200Z 29 December 1959. Cross-hatched areas
represent areas of observed overcast skies. Solid black
represents observed precipitation.

FIG. 12. Composite saturation—vertical-motion chart,
solid lines, 0000Z 30 December 1959. Cross-hatched areas
represent areas of observed overcast skies. Solid black
represents observed precipitation.

from the month of December 1959. They demonstrate how the method would perform when
accurate prognoses of the appropriate fields are
made. Evaluation of the method is based on the
observed cloud and precipitation analysis which
is transmitted by N A W A C over the facsimile
network. It should be emphasized that the overcast-sky areas shown on these analyses are determined by the prevailing cloud coverage at all
levels, whereas the forecasting procedure restricts
the cloud-cover forecast to the 1000- to 500-mb
layer. Consequently, areas of very high cirrus
overcast may appear on the analyses which are not
forecast by the procedure.
In figs. 4 through 12, the observed overcast
skies are represented by the cross-hatched areas,
and observed precipitation is represented by the
solid black areas. These illustrations show that
the forecast overcast-sky areas are generally outlined by the forecast %-inch line, and forecast
precipitation areas are mainly outlined by the
forecast %-inch line on the composite saturation—
vertical-motion chart. These charts are typical
of the performance to be expected from this
method. It should be emphasized that the frontal
prognosis, mountain effects and coastal effects
have not been considered in the illustrations.
Naturally, consideration of these effects would
improve the forecast. The method will often fail
to predict coastal stratus formation. The reason
for this is the stratification of moisture in the surface layer in coastal regions. For example, the
computed precipitable water may be relatively
small in these regions, but concentration of the
small amount of water vapor in the surface layer

will produce the stratus clouds. Also, in mountain
regions, relabeling of the thickness lines results in
fictitious values of maximum precipitable water the
air can contain at saturation. For example, a
thickness value of 18,800 ft would imply that the
layer could hold, at saturation, 2 inches of precipitable water. A mountain range of just 1900
ft elevation, however, would decrease this value
to about % inch. Obviously, consideration of this
effect would improve the forecasting method.
The method is designed for the winter months
of December through February; however, it may
be used with fair reliability in the months of October through April. It may also be used as a guide
in the summer season; however, the stability field,
among other factors, assumes great importance
in this season, and it must be considered in forecasting cloud-cover and precipitation areas. In
the summer season, convective activity, thundershowers and associated overcast areas may occur
in regions where the degree of saturation on the
composite saturation—vertical-motion chart is
relatively small.
a. The precipitable-water prognosis. The precipitable-water prognosis can be made by using
various wind percentages at appropriate levels for
advection; however, the following procedure is
simpler, faster and just as reliable: trace the current precipitable-water analysis on the current
vertical-motion chart. Analyze the relationship
between the two fields; then, by utilizing the forecast vertical-motion field, draw in the precipitablewater field with care to maintain the same relationship between the two fields that existed on the
initial charts. Figs. 13, 14 and 15 demonstrate
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FIG. 13. Vertical-motion field, solid lines, and precipitable-water field, dotted lines, for 0000Z 21 December
1959.

FIG. 14. Prognosticated vertical-motion field, solid
lines, and prognosticated precipitable-water field, dotted
lines, for 0000Z 22 December 1959.

FIG. 15. Observed precipitable-water chart (solid lines)
and prognosticated precipitable-water chart (dotted lines)
f o r 0000Z 22 December 1959.
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this procedure. In fig. 13, notice that a
inch
pocket of precipitable water is associated with the
area of upward vertical motion in region A. Another %-inch line extends eastward from southern
California through the southern portion of the
area of downward vertical motion in region B and
into the Gulf coast. Another %-inch pocket of
precipitable water is centered over western Oregon
and extends eastward toward the upward vertical
motion in region C.
Keeping in mind the relationship between the
vertical-motion and precipitable-water fields as indicated infig.13, the prognostic precipitable-water
field is constructed as shown in figure 14. Notice
that the pocket of upward vertical motion in area
A has moved eastward and off the Carolina coast.
The y2-inch precipitable-water line is moved eastward with it and also northward since the additional moisture from the oceanic source should
concentrate more moisture in this region of upward vertical motion. This line was also extended
westward across the Gulf source region and to the
west coast. Notice that it was also displaced
southward to accommodate the downward vertical
motion and associated drying in area B. Because
of the subsidence and drying associated with area
B, a %-inch line was also entered on the prognostic chart. Experience has shown that the
inch
precipitable-water line has a tendency to be associated with the zero vertical-motion line, and this
concept serves as a useful guide in prognosticating
this line. Notice that the
inch line is also displaced northward around the pocket of upward
vertical motion in area C. This is in agreement
with the concept that moisture will tend to accumulate in upward vertical-motion areas and dissipate in downward vertical-motion areas. The
y2-inch line over Oregon (area D ) was kept approximately stationary to account for the downward vertical motion across the continental divide
and the increase in upward vertical motion in
area D.
A comparison of the observed precipitable-water
field and the prognosticated precipitable-water
field is shown in fig. 15. In general, the prognosticated values do not differ from the observed
values by more than % inch. Obviously, the procedures used here are somewhat subjective; however, a fair prognostication of this field is possible
with sufficient experience. It should be emphasized, too, that the accuracy of this prognosis
depends largely on the accuracy of the verticalmotion prognosis.
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Voricity-advection analysis, 0000Z 1 December 1959. Solid lines are 500-mb contours.
absolute-vorticity isopleths. Dotted lines represent vorticity-advection analysis.

b. The vertical-motion prognosis. When the
Numerical Weather Prediction ( N W P ) verticalmotion prognosis is not available, the N W P
500-mb vorticity prognosis may be used instead.
This is accomplished by outlining areas of positive
and negative vorticity advection [4, 5]. The areas
of positive vorticity advection (vorticity decreases
downstream) are labeled D / C to indicate divergence above the level of non-divergence and convergence below this level. This implies that upward vertical motion will exist in the lower and
middle troposphere [6]. The areas of negative vorticity advection (vorticity increases downstream)
are labeled C / D to indicate convergence above the
level of nondivergence and divergence below this
level. This implies that downward vertical motion
will exist in the lower and middle troposphere.
The concentration of solenoids formed by the contours and vorticity isopleths can be used to qualitatively approximate the intensity of vertical motion. The greater the concentration is, the greater
the vertical motion will be. Fig. 16 is an example
of the vorticity-advection analysis for 0000Z
1 December 1959. When using this procedure,
the saturation (Wp max minus Wv) chart is
superimposed on the vorticity-advection chart, and
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Dashed lines are

the %-inch and %-inch lines are subjectively adjusted for upward and downward vertical motion.
When the N W P vertical motion or vorticity
prognoses are not available, the 700-mb chart may
be employed to forecast areas of upward and
downward vertical motion [2]. For example, if
the flow has a northward component and is either
straight line or cyclonic, upward vertical motion
will result. If the flow has a southward component, upward vertical motion will occur only if
the flow is strongly cyclonic. If the southward
flow is straight line or anticyclonic, downward
vertical motion will occur.
c. Local forecast. When time does not permit
use of the complete graphical procedure as outlined here, local forecasts can be made for critical
locations by computing the parameters for the particular locations, solving for the term { W v max
— W p ) —W and comparing it with the critical
values of % and
If the value is less than
y 2 , overcast skies are forecast. If the value is less
than
precipitation is forecast. When this procedure is used in conjunction with other Central
Weather Facilities auxiliary charts and prognosticated soundings, reliable forecasts of cloud cover,
cloud bases and tops, precipitation and visibility
can be made by operational field units.
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5. Conclusions
Central Weather Facilities currently provide
the operational field units with reasonably good
prognoses of the pressure, temperature, vertical
motion fields and so forth; however, field units
often find it difficult to make maximum use of
these products. Adapting these prognoses to forecasts of specific weather parameters is a challenging problem. In view of the accelerated trend
toward centralization, this problem deserves maximum attention. Field units must learn to understand and fully utilize these products. Utilization
of the graphical procedures described here is a step
in this direction. The procedures are physically
sound, simple to use and not too time consuming.
The accuracy of the cloud and precipitation
prognoses made with this method admittedly depends on the accuracy of the Central Weather Facility's prognoses of the thickness and verticalmotion fields and on the forecaster's prognosis of
the precipitable-water field. The objectivity of
the procedures, however, will keep the forecaster
informed on how and why he hits or misses a forecast. Thus, the forecaster can more easily analyze
his errors and perhaps eliminate to some extent
future recurrence of them.
In the months of October through March, the
procedure can be reliably used to make a local or
area forecast. When used in conjunction with
additional tools, it should also be valuable in making forecasts for navigation and air-refueling missions. The procedure is not adequate for summerseason forecasting, but it may be helpful as a guide
when used in conjunction with the stability field
and other auxiliary charts and tools.
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