the precipitation program
ot the Techniques Development Laboratory

Abstract
T h e applied research program of the Techniques Develo p m e n t Laboratory in the field of precipitation prediction is summarized. Current projects are discussed which
combine statistical, dynamical, and synoptic techniques
a n d aim at improved and objective forecasts of precipitation probability and amount.
I n this paper I shall summarize the applied research
program of the ESSA Techniques Development Laboratory, a division of the Systems Development Office of the
Weather Bureau, in the field of precipitation prediction.
Although we are also working in several other areas, such
as tornadoes, aviation, fire weather, marine environment,
agricultural weather, etc., the subject of precipitation is
probably of greatest interest to the general public.
O u r program in precipitation can be regarded as a
hierarchy of efforts of increasing complexity. T h e
simplest is pure climatology in which we have computed
the observed frequency of measurable precipitation for
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6, 12, and 24-hour periods for each m o n t h of the year
for 15 years of record at a network of 108 cities. T h e
results have been analyzed with considerable attention
paid to local and topographic effects. A sample chart is
given in Fig. 1, a n d the complete set of 84 maps is being
published elsewhere (Jorgensen, 1967A). These empirical
frequencies may be considered as climatological probabilities of precipitation occurrence.
A next step is to compute conditional probabilities by
expressing the precipitation frequency separately for
various combinations of local wind speed and direction,
as h a d been done by Jacobs (1947) d u r i n g W o r l d W a r II.
A pilot study along these lines has recently been conducted for Boston, Mass., in collaboration with the Eastern Region of the W e a t h e r Bureau. Further research is
p l a n n e d to determine the effects of initial weather (rain
or no rain) u p o n the precipitation probabilities.
More refined results can be obtained by relating the
weather to salient features of the large-scale circulation
pattern in the form of a synoptic climatology. A useful

FIG. 1. Climatological probability of measurable precipitation in March between 1200 and
2400 GMT. Values are plotted at 108 stations and analyzed at 5% intervals except 10% in the
Northwest.
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FIG. 2. Analysis of simple linear correlation coefficients between 5-day winter precipitation in areas located by stars and the
concurrent 700-mb height anomaly at grid of 70 points.
method for accomplishing this is the correlation field
technique, in which the precipitation at a point is
correlated with the concurrent anomaly of height or pressure at a large network of surrounding points, as illustrated in Fig. 2 for four different parts of the U n i t e d
States. T h e isopleths of equal correlation coefficient indicate the direction, curvature, and origin of anomalous
flow conducive to precipitation and show that each
section has its own distinctive characteristics. For example, Fig. 2 indicates that heavy precipitation in winter
is favored by southeasterly flow from the Atlantic in
New England, southerly flow f r o m the Gulf of Mexico in
Alabama, southwesterly flow f r o m the Pacific in California, a n d cyclonic flow without preferred direction in
M o n t a n a . Similar correlation fields have been constructed
for 40 areas of the country a n d summarized in a group
of schematic models showing optimum portions of the
synoptic patterns for heavy a n d light precipitation in
different regions (Klein, 1965).
It has been noted that winter precipitation in the western half of the U n i t e d States tends to occur in and just
east of centers of cyclonic circulation aloft. T h i s can
be inferred from the proximity of the centers of negative

correlation in Fig. 2 to the starred circles in M o n t a n a
and California. It was therefore decided to conduct a
special study (supported by the Bureau of Reclamation)
on the simultaneous relation between precipitation at
280 stations in the Plateau States and closed lows at four
u p p e r levels. This was done by means of a computer system of moving coordinates which gives the average
precipitation within square (1° lat.) cells of a grid having
the low center at its origin (Jorgensen, Klein and
Korte, 1967). Sample results for the most intense category
of lows at 850, 700, 500, and 300 m b are illustrated in
Fig. 3 for 12-hour winter precipitation expressed as a
percentage of the 7-day station normal (Klein et al.,
1967A). Note the extreme dependence of precipitation
a m o u n t u p o n the location, level, and intensity of the low,
with m a x i m u m values in excess of 75% about 2° east
of the deepest lows at the 850-mb level.
T h e synoptic climatology illustrated in Fig. 3 can be
used to develop forecast aids for individual stations by
reversing the computer program to place the station at
the origin and then spotting the position of the low
center in the grid network (Jorgensen, 1967B). For
example, the isolines in Fig. 4 give the empirical proba891
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FIG. 3. Average winter precipitation amounts over the Plateau States with intense lows centered at the origin for each of four
upper levels. Amounts during the 12-hour period centered at time of upper air observations are expressed as percentages of
7-day station normals.
bility of precipitation in winter at Ely, Nev., during 12h o u r periods centered at the time an intense low at the
850-mb level was located within the grid. Note the large
area with probabilities in excess of 90% for lows over
and north of the station. Similar diagrams for other stations in the western U n i t e d States will be tested operationally this winter in conjunction with numerical forecasts of u p p e r lows (Jorgensen, Korte and Bunce, 1967).
More complex parameters, such as fronts, vorticity,
advection, moisture, and thickness, are being studied
u n d e r contract to help predict precipitation in different
regions. Reports on this topic have been printed for
snow in the Mid West (Hanks and Beebe, 1966; Hanks
et al., 1967), quantitative precipitation along the West

Coast (Hovind and Elliott, 1966), rain in the Hawaiian
Islands (Worthley et al, 1967), a n d snow in the Northeast (Spar et al, 1967). These reports apply the principles
of synoptic meteorology a n d climatology by m a n u a l
methods to produce local forecast aids in the form of
scatter diagrams, tables, graphs, charts, etc.
A more refined statistical forecast technique is linear
screening, by means of which efficient multiple regression
equations can be derived in a few minutes on an electronic computer f r o m a large n u m b e r of possible predictors. A sample equation is illustrated in Fig. 5 for 24h o u r precipitation amounts in the West Cumberland
River Basin as a function of selected heights at 1000 and
700 m b at the beginning of the forecast period (Klein
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FIG. 4. Frequency (in per cent) of measurable precipitation
in winter at Ely, Nevada, during 12-hour periods with intense
lows at the 850-mb level. Dots and circles locate centers of
lows when precipitation occurred or was absent, respectively.
Average amounts (in inches) for selected frequency intervals
are given in the upper right corner.

FIG. 5. Multiple regression equation for an index of winter
precipitation ( P . I . ) in the West Cumberland Basin (shaded)
as a function of initial height (in feet) at 1000 mb (Z10) and
700 mb (Z7). The location of the height is given by the open
circle, the order of selection by the number inside, and the
reduction of variance (in per cent) after inclusion of the given
height by the number below.

et al., 1966). Equations of this type can be used to specify
other weather elements from numerical circulation prognoses, a n d they have been derived for both clouds (Klein
et al., 1965) and surface temperature (Klein et al., 1967B).
Screening regression is best applied to continuous
variables. For discrete data a modified screening method
has been developed called REEP—regression estimation
of event probabilities. Although originally derived for
forecasting categories of ceiling and visibility (Miller,
1964), R E E P has also been applied to predict the probability of precipitation in the eastern half of the U n i t e d
States f r o m numerical prognostic parameters (Russo
et al., 1966). Results have been encouraging, and research
is continuing (Russo, 1967).
T h e final technique to be reviewed in this paper is
more dynamical in nature t h a n any of the others, b u t
it still incorporates a large element of statistics. I t consists of a computer program to make short range forecasts
of weather elements on a subsynoptic scale (Glahn and
Lowry, 1967). A 39 X 40 grid is used with a grid length of
about 50 miles, exactly 1/4 that used at the National
Meteorological Center (NMC) and approximately the
average spacing of hourly reporting stations in the eastern a n d central U n i t e d States, where the method is applied. As illustrated in Fig. 6, the program employs surface data observations as late as 0800 G M T in order to
forecast for "today," from 1200 to 2400 G M T , and uses
modified versions of large scale numerical models for
500-mb height (Shuman and Hovermale, 1967), sea level
pressure (Reed, 1963), and cloudiness and precipitation
(Younkin et al., 1965). T h e moisture analysis is based on
multiple regression equations derived by screening which
specify saturation thickness as a function of surface dew
point, sky condition, weather, and station elevation

FIG. 6. Time scale for computer prediction of precipitation
on a subsynoptic scale.

(Lowry and Glahn, 1967). T h e program has been r u n
twice a week since 1 March 1967, and has produced better forecasts of pressure a n d precipitation than the
machine-produced guidance presently available within
N M C . A six-month operational test has therefore been
arranged for the period beginning 6 September 1967.
T h u s we believe that we are making good progress on
the complex problem of precipitation prediction by
judiciously combining statistical and numerical (dynamical) methods.
893
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