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OBJECTIVE FORECAST OF PRECIPITATION OVER THE
WESTERN REGION OF THE UNITED STATES

ABSTRACT

The case classification by 500-mb flow types described in the first
chapter represents an objective synthesis of synoptic information
which has subjectively and successfully been used by experlenced

. forecasters in predlcfnng the weather.

This information is presented in the form of a climatology of 500-mb
winter flow patterns. It consists of the frequency of occurrences of
seven characteristic 500-mb height configurations and associated
patterns of vorticity, vertical velocity, higher and lower pressure
levels, dew-point depressions, frequency of precipitation, etc. This
stratification of probability of precipiftation represents a refine-
ment in the forecast of precipitation probabilifties over S|mple‘
climatology.

The type classification is used as a stratification crifterion in

the second chapter to obtain predictive equations for precipitation -
probability. Different predictive variables are stressed within the
different types. Based on the reduction of variance and the Brier
P-score, it appears that the stratification leads to signigicant
improvement in the regression equations. In effect, the stratifica-
Tion inciudes a pattern comparison which could never be included in
finite regression equations. The results are promising and the
method can presently be applied in opera+|onal forecasting at very
minimal compuTer cost.

|.  SYNOPTIC CLIMATOLOGY OF 500-MB WINTER TYPES

A. Introduction

Precipitation forecasting is limited by several basic problems. One
of the most serious is the specification of tThe exact location of

the mesoscale precipitation bands even if a perfect synoptic scale
forecast is available. This problem can be alleviated by experienced
forecasters who give satisfactory subjective local predictions based
on their knowledge of the flow characteristics and precipitation
‘occurrence. Objective predictions can be useful to satisfy users'
demands and to implement numerical forecasts at the local level.

It is the purpose of This chapter to present an objective correlation
method of ciassification of 500-mb heights and associated precipita-
Tion occurrence. Some similar methods are reporfed in References |,
2, 3, and 4. The resultfs are easy o interpret synopticaliy and
provide gquantitative justification to complement much of what is
already intuitively clear.




In Section B the typing method is' presSented; &@tmospheric variables
useful to describe the.different’ types are presented:in Section C;
the climatology of the types is presented in Section D; and the
distinctness of The Types is further discussed in Section E.

B. Typing MeThod

The original lnTenflon was to use types already selected: and docu-
mented by Augulis (Reference 3). These types were too numerous and:
not sufficiently distinct for the present investigation. Few types,
with a rela+|vely Iarge number of cases in each are requlred, o]
that: ,

1) The regression equaTions can be obTained..
2) The es+|ma+es are s+a+|sflcally stable.

3) 'The compuTaT;onal task of screening predlc+ors
for ea¢ch type and for each station is feasible.

The various Types To be used are obTalned in the followung way

a) The 500~mb helghT flelds at The grld points: presenfed
in Reference 3 are used. This height field is chosen since it is
satisfactorily predicted by.Numerical Weather Prediction (NWP).and"
is known to be a good aid to:forecast meteorological phenomena.

In This investigation we try to extract the .largesscale character-
istics of the flow as they relate to precipitation occurrence.’
Therefore, the heights at & relatively few grid-points are neces~
sary and the selected 52-point grid adequately describes this
large scale. The data sample consists of |176 sets of 500-mb
heights at the 52 grid points. They cover the National Weather
Service Western Region for.0000 and [200° GMT . during the mohths
December 1961-1967, January and February 1962-1968.

b) Each set of 52 points is correlated with all other
1175 sets forming a correlation coefficient matrix R°%.  An
element r; . of the matrix R® is the corrélation. coefficient
between da+es i and j. Column i consists of the’'correlations
"between case (date) i and.all other 1175 cases. A count of-:the
number of correlations larger than 0.8 is made for-each column.
The case column with the most significant correlations ny is
chosen as Type I. All elements involving these n; significantfly
correlated cases are removed from the matrix.: The procedure is
repeated fo select all successive types until either fen types
are selected or the last type selecTed removes Iess than fifteen
cases. : : :

c) On the basis of the original matrix R®, each case of
the data sample is placed in the type with which it correlates
most highly. Seven types are delineated by the .described method.
Pertinent information is presented in Table |. The computer pro-
gram used for typing is a modified version of a program borrcwed

-2-



from Aerospace Science Division of the 4th Weather Wing, Air Weather
Service, adapted fto the University of Utah UNIVAC [108.

C. Atmospheric Variables

The 850- 700-, 500-, and 300-mb height fields; the 850-, 700-, and
500-mb dew=-point depressions for a 14 by |3 grid covering the region
of interest; and precipitation amounts for 29 stations obtained from
the Techniques Development Laboratory (TDL) data files are used in
subsequent analysis. The precipitation files are extended fo include
a total of 42 stations.

The above data are used to obtain variables such as 850~ 500-mb
thicknesses, 500- 300-mb thicknesses, 500-mb absolute vorticities,
therma! advections, vertical velocities, and partitioned vertical
velocities due to vorticity and Thermal advection. The absolute
vorticities are computed considering geostrophic relative vortici-
ties. - The thermal advections consist of the 500- 850-mb thicknesses
advected by the 500-mb geostrophic winds. A two-level quasi-geostro-
phic model is used to obtain the vertical velocity fields. This
model uses the height fields at 300 and 700 mb To obtain the total
omega and partial omegas due fo laplacian of thermal advection and
differential vorticity advection. Similar models have been used in
the past (Reference 5).

The vertical velocities at 500 mb are obtained by integrating the
finite difference form of the "omega" equation:

32w 3
2 2 2 = '—(\Y-vg)-VZ(\V-vacb
v (Aa‘ w) +ﬁ 3p ][o 30 a 35
. . e, 0.05m2 :
where ¢ is the static stability (Reference 6)
Sec?mb?
w = 92 5 P is the pressure
d+

¢
}A is the Coriolis parameter
o

g Z is the geopotential height

€a is The absolute vorticity

Partitioned omegas w; and ¢2 are obtained from:

2
Viw) + (2 20 = 2y
. o 8p2 o 3p




. 92 o
V2 (w ) + )2 ——aw2=-vz(t)/-v_a_¢l)» ~
2 o 9p2 ap

Homogenous boundary conditions are used. Therefore:

w:wl + w2

The vertical velocity w = dz 15 obtained by setting w = -

d

W

Fi

Some computational defails are given in Appendix A.

After the atmospheric variables are obtained for all Times..and for
each of the |4 x |3 grid points, values at 43 grid points are
extracted for subsequent analysis. Figure | depicts this grid ,
together with the 42 western stations considered for precipitation -
occurrence: The different atmospheric variables are then grouped

into the seven types described earlier.

D. Climatology of Types

Figure 2 depicts the probability of precipitation for the nonstratified
(ALL) and the seven types. Figures 3 through |4 show the means and
standard deviations for 850-, 500-, and 300-mb height fields, the 500 -
850-mb and 500 - 300-mb thickness fields, dew-point depression at 850
and 700 mb, 500-mb absolute vorticity, thickness advection and fotal
and partitioned vertical velocity fields. The mean values give a
smoothed representation of the typical synoptic situation characteris-
tic of the overall and seven types.

The height fields show that the overall conf{gurafion is characterized
by a flat ridge with considerable variability over the Gulf of Alaska.
Type | is similar to the overall field as expected from the large
number of cases included in this type. Types 2 and 4 are similar fo
each other in that the 43-point grid displays a ridge.near |40W and
|20W, respectively. Types 3 and 5 each have a trough line off the
coast near }40W and |20W, respectively. Types 6 and 7 contrast in
the sense that 6 Is a southwest-to-northeast t+ilted ridge, 7 a south-
west-to-northeast tilted frough.

The standard deviations of the types are usually smaller than that of

the overall sample. This is expected if the method used is successful
in discriminating among different flow configurations. Since the type
variability at some grid points is still quite large, the distinctness
of the types will be discussed in the next section.

Figures 3, 4, 5, and 10 show large variabilities In regions with pro-
nounced cyclonic activity, while smaller standard deviations are
found near the semipermanent anticyclonic zones.



Figures 3 through 7 reveal that most of the atmospheric baroclinicity
for all types is concentrated in the lower layers. Figure [l gives a
quantitative description of this baroclinicity. Here negative values
represent positive thickness advections, and positive values negative
thickness advections.

Figures 12, |3, and |4 reveal that the largest contribution to the
total vertical velocity Is due to the vorticity advection forcing.

This is expected because most of the thermal advection ftakes place

at the lower levels and Is not picked up at 500 mb. The average
centers of rising and sinking motions correspond well with tThe average
position of troughs and ridges. This indicates fthat the height corre-
lations of deviations from the means are small compared to the products
of mean values. The values of vertical velocities obtained with this
mode| are comparable with daily values obtained by NMC using a primi-
tive equation model,

Figures 8 and 12 compare well in The sense that dry regions are
associated with sinking motions and moist regions with rising motions.
The mean 700-mb dew-point depressions (Figure 9) are quite homogenous
horizontally and |itftle can be concluded from them.

In Figure 2 the frequency of precipitation for all stations for the
developmental sample is given. The solid lines represent fraction
over normal. The vertical velocities and fopographical effect seem
to explain most of the frequency of precipitation patterns in the
figures.

In general, then, the mean fields depict synoptically consistent
sifuations for all Types. Since The averaged fields reproduce the
general! nonlinear characteristics, vertical velocities, Thermal
advections, efc., of the individual situations, we might fentatively
conclude that fthe variations wiThin ftypes are small, and therefore
The typing is adequate. This is further explored in The next section.

E. Characteristics of Types

[n this section statistics are presenfted to show that the separation
by types results in a significant stratification of the atmospheric
fields over most of the region considered.

First, the ratio of the variation between types to the variation

within fTypes at each grid point is considered. This is the F value
generally used for the analysis of variance.

.
Z (X; - X2/ 6
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where N N, is the number of cases in Type i =
i=| ' o
Ny
X = Xpi /Ny
t=|
70N
and X = Z’ Z Xgi / N

i=1 =1
If it can be assumed that the seven types are random samples drawn
from normal populations with the same variances, the hypothesis
that the means of the populations are equal can be tested. - Under .
the stated assumptions, if F» 2.80, this hypothesis can be rejected
at the 1% confidence level; and it can be concluded that the
samples come from different populations.

Figure 15 depicts the F values for three fields. The dashed
regions indicate where F is less than 2.80. For almost all the
grid points for all the fields considered significantly large F
values are obtained.

Even if the above assumptions are not completely valid, the F
values give an indication of the distinctness of the types. The

highest values are expected and found at the 500-mb level. Maxima .

are found in regions of prevailing cyclonic activity, with a 5°
eastward shift of the 850-mb values relative to the 500-mb values
Thus the types seem to differentiate well in.these reglOns,'ln;
spite of large variabilities within some of the types. Minimum
values are found in the low latitudes of the Paciflic area which
are characterized by small fluctuations. Theé cold surface highs
which dominate the winter pattern east of the Rockies cause small
F values for the 850-mb heights.

To test the distinctness between Two Types, +he Z-statistics are
used:

X - X

Cl 2
zZ = —
N; ' Na
J X4 -><>+ 5 (XTZ—x2>
Tl B s
TEIN - DN, (N, = DN,



This statistic can be used to test the hypothesis that the samples
drawn from populations | and 2 have equal means, if similar assump-
tions as before are made, If |Z|?2.6 this hypothesis is rejected
at the 1% probability level and therefore it is concluded that the
samples have been drawn from two different populations.

Figure 16 depicts the Z-statistics for the 500-mb height between
some selected types. The dashed region indicates again where {Z}|
{2.6. The Z-statistics between Type | and Type 2 through 5 reveal
the main characteristics of the first five fypes. Types 4 and 6

and 2 and 7 are qualitatively similar. Nevertheless the correspond-
ing Z-statistics show that they are significantly different over
most of the grid. The ridge and frough positions characteristic of
each type can be easily seen. The intensity, though, is not .
comparable since The magnitude of the standard deviation is much
smaller in ridge than in trough areas.

I1. REGRESSION ANALYSIS AND RELATED STATISTICS

A. Introduction

In the first chapter the observed frequency of precipitation at 42
westTern stations associated with different 500-mb flow types were
presented. These precipiftation frequencies represent the probabi-
ity of precipitation for each flow type forecast by climatology.
This is already an improvement over climatological forecasts which
do not consider flow fTypes. Further improvement can be achieved by
considering meaningful predictors within each ftype. This is
commonly done in probabilistic prediction in meteorology. This
field has been extensively explored in the past; a comprehensive
survey of main contributions up to 1969 is given in Reference 7.
Recently, Klein (Reference 8) reported on probabilifty of precipi-
tation obfained for 108 stations in the U.S.A. using the perfect-
prog method. Glahn and Lowry appl!ied a similar approach using

NMC forecast data (Reference 9).

A stepwise multipie regression analysis is used in this investigation
To select the most meaningful predictors and to derive forecasting

equations. Similar methods are presented and discussed in References
{0 through 5. The present work differs from others in that a sfrati-
fication based on flow Types is used in fthe regression analysis.

The method that is used is presenfed in Section B; characteristics
of the regression analysis considering a binary dependent variable
are discussed in Section C; and the results obtained are discussed
in Section D.

' B. Development of Method

The TwenTy—oné predictor fields considered are presented in Table 2.
The heights considered are departures from The constants given in




b

this table. Predictors | +hrough 19 and 2| are obtained at 43.grid
points (Figure 1). Predictor 20 is obtained at 43 stations (Table

4). Most of these fields have been discussed .in the previous chap- |
ter (Section C). A smaller grid is considered here for-computational

economy. It is felt that the smaller grid conveys all the essential
information included in the larger grid used to define the types.

The occurrence of precipitation at the 42 western stations is defined
through a binary code. This code takes value O if there has been . . -
lese=han 0.0lgénches of ‘precipitation in The next 12 hours; and | if

there has been” 0.0l lnches,ﬂuumnmum : ‘

Data for six winters (December 1961~1966, January and February [962-
1967) are considered to develop the predicting equations; while one
winter (December 1967 through February 1968) is used fo test the
equations. .

The twenty-one predictors are screened with respect to occurrence of
precipitation at all stations. The screening procedure consists of
a multiple regression analysis computed in a step manner. AT each
step one variable is added to the regression equation. This variable -
is the one which gives the highest reduction in the variance of the
predicted variable (predictand). When a selected predictor decreases
this variance less than 1% or there have been [0 predictors already
chosen, the screening procedure is stopped.

For convenience and computational ecomomy, the regression analysis
is performed in the following consecutive steps:

Step It The means, ‘standard deviations, sums of cross-
products of deviations from means, and correlation coeffi-
cients were computed for all predictor fields for non-
stratified and stratified data. The first three quantities
are stored in temporary files. In This way the sums of
cross=products of deviations from means for each predictor
field are computed only orice, thus 'saving an appreciable
amount of computer Time.

Step 2: The precipitation codes for all stations are
regressed in the 21 predictor fields one at a time, using

. a version of the stepwise multiple regression program from
the . IBM Scientific Subroutine Packade modified to suit our
needs. At this time the two best grid points for predictors
| through 19 and 2i and two best 'stations for predictor 20
for each station are selected. These grid points are
depicted in Tables 5 through || for nonstratified data and
for types one to six. A zero in these tables indicates a
reduction for less than 1% of the variance of the predictand
variable, and so the regression analysis is stopped before
choosing the corresponding predictor. Due o the smal |
number of cases resulting in Type 7, these data are not
included in the present analysis.



AT this point 42 x 7 = 294 new data files are created,
Fach file consists of the best two grid point time
series from all predicfors for one station. In the
computation of these files any date for which any
predictor is missing is discarded. Thus the total
number of cases is considerably reduced. The data
sample is significantly reduced when dew-point fields
are considered since they are only available for about
half of the cases. Therefore, separate data files
including and excluding dew-point depressions are
created for the non-stratified data; while no dew-point
depressions are considered for the stratified data.

The total number of cases for the stratified and non-
stratified data for the final regression analysis are
given in Table 12,

Step 3: The regression analysis is now performed in -
the new data files for all stations. The resulting
equations are depicted in Figures [7 through 24. The
number in parenthesis indicates the predictor chosen.
The corresponding code is shown in Table 13.

Step 4: Predictand estimates are now obfained by
applying the regression equations to.the dependent
samples. These estimates are divided into [2 classes.
The first class includes negative values, and the
Twelfth class values larger than one. Classes two
through eleven are ten equally separated classes, at
0.1 increments. The frequency of precipifation for
each class is then obtained. The results are shown

in Tables 14, 15, 16 and |7,

Step 5: Independent data samples are used fo test

the nonsiratified equations (with and without dew
points) and the equations for Types I, 2, and 3. The
number of cases involved are {123 for the nonstratified
data and 30, 23, 32 for Types. |, 2, and 3, respectively.
The equations for Types 4, 5, and 6 are not tested since
very few independent cases are available.

C. Regression Analysis on Binary Predictand

The implications of applying the usual IeaST—square'regression
analysis to a binary dependent vairable are discussed in this section.

The customary estimate of the correlation coefficient between X and Y
is:




N
1 2?_ (Y. - M2
where Sy \ N’ﬁ=| i

and other quantities are defined below.

When Y is a binary variable as previously defined, it can be easily
shown that '

the so-called point biserial correlation coefficient (Reference [6)
where:

N is the total number of cases

N
X =1 X .; X average
N i=1 !
Y} is the X average for the cases for which Y = |
X, same as above when Y =0
N, N
P= = the frequency of precipitation
N .
NI is the number of cases with Y = |
i
. =2
Sy = ﬁ- féﬁ (Xi - X) is the standard deviation of X.

Thus, if p and Sy are known (Figures 2 through I1), r indicates the
average spread of X for the cases with and without precipitation.
Thus, large ¥ indicates that the variable X discriminates well the
states of rain and no rain.

The regression equation of Y in M variables XJ (Is jsm) gives:



where E denotes the expected value

,é;j and =X are the expected values of the corresponding parameters
estimated from the sample.
I

‘BuT E (Y/XI, Xo ...Xm) = égg Yk f(Yk /Xl’ X2...Xm) = f(Yk=l/Xl’ XZ...Xm)

for the case when Y is a binary variable. Here f(Y,.|/X|, Xp...%p)
denotes the probability that Y takes value one, for the given X,,

X2, ...Xm). In our case this will correspond fo the probability of
precipitation. Neverthetess, the values obtained from the regression
equation will not necessarily be between 0 and | (Reference 17).

For example, for a one-dimensional case only for those values of X
such that:

2
X + (1-p) *éx 2 X 3 X - __x _
P Xy= X) X|= X)

will I >Y>0

-

Clearly then, it isn't known if the probabilifies obtained from the
regression equations are good estimates of the probability of precipi-
tation to be determined. Step 4 of Section B is designed fo avoid
these difficulties. A similar approach is suggested by Morrison
(Reference 18) and has been applied before when categorical variables
are involved (References 2 and i5).

The method selected to obtain the regression equations (Section B) is
of practical convenience, but which statistics are appropriate fo
Test the reliability of the estimated parameters is not clear. To do
This, the mulfivariate probability distributions should be known
(References 16, 20, and 21) and the effect of the stepwise method
(Miller, Reference {9) and of the selections in Step 2 and 3 (Section
B) should be considered. Here The results will be presented without
attempting to place confidence bands in fThe estimated parameters.

D. Discussion of Results

Figures 25 and 26 show the correlation coefficients between occurtrence
of precipitation at four selected stations and the grid-point 500-mb
heights, vorticities, and vertical velocities for the nonstratified
data. The stations are Los Angeles, Astoria, Phoenix and Salt Lake
City, chosen fo represent coastal, desertic and intermountain regions.
This correlation coefficient r is defined in (3.1). For any one map
in these figures, p is constant and is given in Figure 2. The s, for
500-mb heights, vorticity and vertical velocity at all grid points are
given in Figures 4, 10, and 12. The standard deviations of vorticity
and vertical velocity present |ittle horizontal variation, while
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the standard deviations of the 500-mb heights present a maximum in the
Gulf of Alaska. According to (3.1), this maximum would tend to decrease
r in This region.

Figures 25 and 26 show that lower-than-normal heights at 500 mb over
or to the west of the station favors precipitation. Thus, precipita=
Tion in Salt Lake City is frequent when The high~level trough is
almost overhead; implying that the surface front has already passed
and the wind at the lower levels is from the west or the northwest.
This type of configuration is empirically khown fto cause precipita-
tion‘at this location. |+ can also be deduced that stronger than
normal southwesterly flow over the coastal stations and south, south-
easterly flow over Phoenix favors precipitation in these stations
(References |2 and 22). Furthermore, the relative position with
respect to the stations for stronger than normal vorticity and verti-
cal velocities which favor precipitations can be easily determined
from the other correlation fields. Thus, quite complete weather
meodels, similar to those présented by Kiein (Reference 12), can be
obtained for each station. |In these models the optimum regions for
precipitation in all of the atmospheric variables considered can be
determined from the respective correlation fields.

Table 18 shows the number of times each field is selected as the
first or second predictor for all stations, As expected, previous
|2-hour precipitation is by far the most frequently chosen predic-
tor for the nonstratified data. There are two main justifications
for this. First, winter precipitation occurrences at nearby stations
are highly correlated; combining the effect of persisténce and up-
stream weather (Reference 8 and others). ' Second,; prévious |2-hour

precipitation is a binary predictor and as such will fend to predict
better a binary predictand when a |inear regression analysis is done:
From the definition of r equation (3. 1), 1t is clear that r=1 is only:

possible when X is a binary variable identical to Y; and fthérefore:
Xj= s X'= P ; S>< =\/ p(!-p)

If X 1sné continous variable;-r=| will‘only be accidénfally obTained.‘

The three first columns of Table 18 indicate that a height field is

the next most frequently chosen predictor. For Types 2 to 6, predic-

tors chosen more than 8 times follow:

'Type 2. 500-mb vorticity, vertical velocity due o vorticity
advection, 850-mb height, and thickness advection.

Type 3. 850- and 700-mb height and 500-mb vorticity.

Type 4. +thickness advection, 500-mb vorticity, and verTncal
: ‘ velocities, :
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Type 5. 500-mb vorticity.
Type 6. 850-mb height and thickness advection.

Figure 27 depicts the chosen predictors for the four stations discussed
above. As expected from the strong correlation values (Figures 25 and
26}, the 500-mb height at grid points to the northwest and The vertical
velocity at the nearest grid point are chosen. All stations pick up
previous precipitation at the same or nearby stations accounting for
persistence or upstream weather. Los Angeles and Salt Lake City also
choose 300- and 850-mb heights to the west and east of the stations,
respectively, and vertical velocity and vorticity at 500 mb, respec-
Tively. Since The precipifation frequency in Phoenix is low, the best
predictors of precipitation are the previous |2-hour precipitation
occurrence at Flagstaff and Yuma. The information synthesized numeri-
cally in these equations is known to local forecasters.

Table 19 gives the percentage of the total variance of the predictand
explained by The considered predictors or reduction of variance (RV).
Table 20 gives the standard error of estimate S. For a binary variable
it can be easily shown that:

P .
p (I-p)

2 is the Brier P-score

where P = S
p (I-p) gives The sample variance of the binary predictand. Thus,
stations with very high and very low precipitation frequencies present
small variabilities; while the largest variations would be expected at
stations with p = .5.

Tables 19 and 20 compare the RV and S for the nonstratified and strati-
fied cases. In general, the RV is higher in the stratified than in the
nonstratified data. However, there are some exceptions To this general
conclusion. We may expect the RV of the stratified data to be smaller
than tThe RV of The nonstratified data if:

{p(l—p)}

Pstratified > stratified

Pnonstratified %, nonstratified
p(l-p)}

This may occur if:
a) Pstrat >Pnonst
_pstrat >pnonst

or
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b) Pstrat <Pnonst

pstrat <pnonst

or
c) Pstrat >Pnonst
pstrat <pnonst

a) applies to those stations that have precipitation frequencies over
normal (Figure 2) in the stratified data. |[f climatology is used as
a forecast P = p(l-p) indicating that it is harder to forecast at sta-
tions with larger variabilities, Thus, we may expect & decrease in
skill (higher P) for larger p (up to p = 0.5). Similarly with a
decrease of p we may expecT an increase in skill and lower P. This
corresponds to case b).

Both cases a) and b) could lead to larger or smalier values of RV,
depending upon the relative increase or decrease of P and p. If

The increase or decrease is of the order of a few percent, it is diffi-
cult to assess if a decrease of RV means a real decrease in skili.

Table 19 shows that the RV for the nonstratified data is larger than
tThe RV obtained in Type | in 20 stations, in Types 2 and 3 in 1]
stations. All of these cases except for fwo fall in categories a) or
b). The two excepflons are for Eugene and Portland in Type 2 for
which decreases in p are accompanied by increase in P as indicated in.
c), indicating a definite decrease in skil

In general, these results tend fo indicate tThat the stratification
leads to significant lmprovemenT in the regression equations. Caution
should be exercised in this interpretation since the samples for the
stratified cases are much smaller than the nonstratified cases.

Table |9 also shows that inclusion of dew-point depressions leads fo
larger RV.

The root-mean-square: errors (RMSE) for the nonstratified data and
Types |, 2, and 3 for The independenT sample aré presented in Tables
21 and 22.

The RMSE are obtained using the probability estimate given by the
predictive equations (first and second rows of numbers) and the proba-
bility estimate given by the relative frequency of the corresponding
probability category. (Method explained in Section 2, Step 4; results
presented in third and fourth rows of numbers, Tables 2| and 22, for
nonstratified data and Types 1|, 2, and 3.)

As previously indicated, the independent sample consisted only of 123,
30, 23, and 32 cases for the nonstratified sample and types |, 2, and
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3, respectively. These samples are very small and any conclusions to
-be drawn from them are very fentative. The Scientific Services Divi-
sion of the Western Region Headquarters of fthe National Weather Service

will be festing fthe equations further and their results will be reported
in The future.

Tables 21 and 22 show no appreciable systematic differences in the RMSE
obtained from both methods described above, indicating no appreciable
bias in The predictive equations,

The RMSE of the probability estimate given by the predictive equations
is smajler for the stratified than for the nonstratified data except
for:

Type |: Boise, Pendleton, and Kalispell.

Type 2: Billings, Salt Lake City, Boise, Great Falls,
Missoula, Seattle, Kalispell, Havre, Milford,
Pocateilo, Glasgow, Lewiston, and Portland.

Type 3: Burns, Pendleton, San Francisco, Spokane,
Walla Walla, Kalispell, Lewiston, Winnemucca,

Most of these stations are located in regions of high variability of
precipitation occurrence. |t is Tentatively concluded from the test
in the independent data that stratification leads to improvement of
verification in a large majority of the stations tested.

To implement these equations for forecasts ionger Tthan 12 hours, data

obtained from fthe numerical forecast charts will have fo be used. In
This case the eguations will probably not behave as well as when real
data are used, since errors which are inherent to the numerical prog-
nosis have not been built into the predictive equations. |f the

numerical models predict the future fields perfectly (perfect prog
approach}, the equations obtained in this investigation should hold
as well as when real data are used. The main advantage of the perfect
prog assumption used to develop the eguations in this sfudy is that
they are physicaliy realistic; that is, the physics implied or des-
cribed by the equations correspond to characteristics of the real
atmosphere and are not inherent to the numerical mode! used. Of
secondary importance is the fact that once the equations are derived
using a statistically stable sample, they should hold for all future
forecasts. |f the equations are derived using the output of the
numerical models as predictors, whenever fthe models are modified, all
of the equations would have To be recomputed.

F11.  SUMMARY AND RECOMMENDAT {ONS

The present investigation gives numerical and objective relationships
between synoptic scale flows and precipitation occurrence suitable to
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incorporate in Numerical Weather Prediction. Many of these rela+|on—‘
ships are empirically. knowh to experienced forecasters who apply them
|n€a subjéctive manner.

In the first chapter an objective correlation method is used to classify
500-mb winter flows. The characteristics, climatology, and distinctness
of the seven types delineated by this method are discussed and described
by a varleTy of -atmospheric variables. ’

This classification is used as a stratification criterion for the
regression analysis applied in Chapter |l. Predictive equations for
the nonstratified sample, including and excluding dew-point fields,.
and for six types, for 42 western stations are obtained. The equations
are tested in the developmental sample and in an independent sample for
the nonstratified data and for Types |, 2, and 3.

The stratifications by 500-mb flow types appears to improve the fore-
cast of precipitation probability. Different predictor variables are
stressed within the different types. |In éffect, the stratification
includes a pattern comparjson which could never be included in finite
regression equations. The results are promising, and the method can
presently be applied in operational forecasting at very minimal
computer costs.

It is recomménded that the predictive equations be tested further as
more data are collected. Then, it will be possable to adequately
compare the predictions obtained from the equations developed in the
present investigation with other existing equations.

IV. APPENDIX A

The partitioning of the vertical velocities reqqires homogeneous
lateral boundary conditions. Since the grid used is rather small

(14 x 13 grid points), the results in the interior of the grid may. ‘
be affected by.the boundary values This is tested by experlmenflng '
with nonzero boundary conditions, " The restlts obTanned differ in a
smal | percenTage in the regions of" strong vertical velocities close .

to the boundaries. Within 2 grid points away from the boundaries,

the results are practically ldenflcal to those obtained .using homo-
geneous, boundary COhleIOhS

Several tests were run to obtain the best relaxation cocefficient for
this grid. This is found to be 1.35, in ‘agreement with other results
in the |iterature for Helmhoszafype equations (like the omega equa-
tion) for a grid of this size.

Wh?never the residual error falls below the prescribed value of 10~ 17
sec™! the relaxation is assumed to have converged, Tests run with

prescribed values five times as large prove to leave the results
unaffected. Therefore, it is felt that this is a suitable value for
the upper bound of the residual error.
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TABLE 1

NUMERICAL INFORMATION REGARbING TYPING PROCEDURE

: No. of
: No. of Cases in Date of
Type Significant Final Selected
No. .Correlations Assignment Column
1 693 411 1-12-67, 121
2 72 176 2-13:66, 00Z
3 102 206 1-28-67, 122
4 54 133 12-31-61, 122"
5 37 79 12-30-64, 127
6 26 74 12-16-65, 127
7 a8 31 2-26-62, 00Z
8 1 1-31-63, 007
. TABLE 2
PREDICTOR FIELDS - UNITS AND CONSTANTS
Predictor Additive
Number - Predictor Field Units Constant
1 Height at 850 mb meters 1457
2 Height at 700 mb meters 30M
3 Height at 500 mb meters 5572
4 Height at 300 mb meters 9159
5 Dewpoint depression at 850 mb 1073 ¢
6 Dewpoint depression at 700 mb 1073 o¢
7 Dewpoint depression at 500 mb 1073 o¢
8 Height tendency at 850 mb meters/12 hours
9 Height tendency at 700 mb meters/12 hours
10 Height tendency at 500 mb meters/12 hours
11 Thickness of 300-500 mb Tayer meters 3587
12 Thickness tendency of 300-500 mb layer meters/12 hours
13 Thickness of 850-500 mb layer meters 4115
14 . Absolute vorticity at 500 mb 1076 sec'1
15 Thickness tendency of 850-500 mb layer meters/12 hours
16 Vorticity tendency at 500 mb 10'6 sec-1/12 hrs
17 Vertical velocity at 500 mb (Total) mm sec']
18 Vertical velocity at 500 mb (Thickness) m sec”)
19 Vertical velocity at 500 mb (Vorticity) mm sec”!
20 Previous 12-hour precipitation indicator Dichotomous
N Variable (0-1)
21 Temperature advections 1072 °C/12 hrs




TABLE 3

STATION CODE FOR TABLES 5 THROUGH 11

Pendl eto'n_r )

1. Ely 15, 29, Portland
2. Bakersfield 16. Eureka 30. Olympia
3. Tucson 17. Medford 31. Walla-Walla
4, Las Vegas 13. Seattle 32. Astoria
5. Phoenix 19. Fresno 33. Salem
6. Yuma 20. Los Angeles 34. Eugene
7. Sacramento 21. Milford 35. Kalispell
8. Santa Maria 22. Reno 36. Havre:
9. Billings 23. San Diego 37. Helena
10. Salt Lake City 24, Winslow 38. Glasgow
11. Boise 25. San Francisco 39. Lewiston
12 Burns 26. Pocatello 40. Elko
13. Great Falls 27. Spokane 41. Winnemucca
14, Missoula 28. Red Bluff 42. Flagstaff
TABLE 4
STATION CODE FOR PREDICTOR 20
{Previous 12-hour Precipitation Indicator)
. 'Elyvo L—~T5. Billings %O L/29 ‘Fre,snoéﬁha
2. Bakersfield | L6, Salt Lake Cit®FO L~30. 0lympiadfil®
3. Tucson Ll 7. Bois’e¥ © ‘ 31. Walla-Walla
L—"4. Las Vegas%O 18. Buf‘ns } Lm32. ‘Agforia @@
5. Llos AngelesF@  L—19. Great Falls3f O 33. 'Salem
6. Milford L—20. Missoula %O 34. Eugene
L—T. Phoenix 3P L1, Pend]’gpona\%c? 35. Kalispell
L—8. Reno VO VL=22. Pocatellodp @ 36. Hayre
L—"9. San Diego@o t==23. Spokane &@“ Lom37. Helena &
10. Winslow \—24. Eureka R O L—38. Glasgowd ©
M. Yuma 25, Red BIuff 39. Idaho Falls
L—12. Sacramento¥h(} L—26. Medford ¥ 0 40, Lewiston
L——13. San Fraﬁcisco#@ V27, Por‘t1and¥0 “ 41, ETIE‘O
14. Santa Maria \~28. Seattle ¥o " 43, winfemucca
s - L% F]‘égstaff‘&’@
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PREDICTOR
12 3
36 32 43
43 43 %2
PRELICTOR
L2 3
32 27 43
43 0 2
PREDICTOR
12 3
s2 27 43
43 0 36
PREDICTOR
12 3
26 27 49
30 43 35
PREDICTOR
2 3

37 37 43
31 35 41
PREDICTOR
12 3
42 3 29
21 28 39
PREDICTOR
12 3

1 5 0
034 0
PREDICTOR
12 3
42 21 37
21 40 42
PREDICTOR
12 3
40 40 38
21 22 42
PREDICTOR
123
36 40 38
21 17 42
PREDICTOR
12 3
26 21 40
42 39 35
PREDICTOR
12 3
36 16 39
0 32 37
PREDLCTOR
12 3
27 22 43
29 39 39
PREDICTOR
123
32 22 43
16 37 42
PREDICTOR
12 3
32 37 42
22 17 37
PREDICTOR
12 3
36 37 37
21 40 38
PREDICTOR
12 3
35 40 37
40 41 42
PREDICTOR
12 3
32 41 43
41 28 ©
PBEUICTOH
1 e 2
56 40 37
85 31 42
PREDLCTOR
1 2 3
41 29 11
5 4 3
PREDICTOR
12 3

&7 34 &)
LI

TRBLE 5
FIRST TWO PREDICTORS SELECTED IN PRELIMINARY SCREENING OF PREDICTOR FIELDS FOR NONSTRATIFIED LATA

VARIABLES CORRESPONDING 7O PREDICTORS 1 THROUGH 21 ARE GIVEN IN TABLE 2, FOR ALL PREDICTORS (EXCEPT NUMBER 20) STATION
NUMBERS (TABLE 3) ARE GIVEN ON THE FIRST LINE, BEST AND NEXT-TO-BEST GRID-POINTS (FIGURE 1) ON THE SECOND AND THIRD LINES,
FzESPECT I\)/ELY. THE SECOMD AND THIRD LINES FOR PREDICTOR 20 (PREVIOUS 12-HOUR PRECIPITATION INDICATOR) ARE STATION NUMBERS
TABLE 4.

@ 5 6 7 8 9 1u 1112 13 14 15 16 17 18 19 2¢ 21 22 23 24 25 26 27 28 29 20 31 12 33 34 35 36 37 38
37 406 41 21 27 1 3% 25 26 35 25 20 15 15 10 27 27 36 27 33 4l 21 31 15 16 15 6

&
39 0 39 43 43 31 42 38 33 5 5 41 43 34 33 4l 43 32 41 29 29 43 41 27 43 28 28 23 1723 2829 5 5 5
2

4 5 6 7 8 910 11 12 13 14 15 16 17 18 19 20 21 22 25 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38
33 41 ol 22 27 1 36 20 15 31 20 15 21 15 6 27 33 36 27 33 40 16 26 10 16 190 6 11 6 6 11 10 25 25 25
30 0 59 43 43 25 43 41 29 1 37 41 4l 38 33 43 43 30 41 29 35 27 38 36 43 38 27 29 17 29 29 27 36 39 32

3

4 5 © 7 5 9 lu 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38
33 37 41 16 27 19 32 20 15 25 Ly 15 16 15 6 27 27 32 2233 40 1626 616 6 2 6 6 6 1l 10 14 14 14
30 35 35 43 43§ 38 40 29 1 40 37 29 41 37 43 42 20 29 29 39 43 40 29 43 29 6 0 23 29 2827 0 1 7

4

4 5 & 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 25 24 25 26 27 28 29 30 31 32 33 3% 35 36 37 38
35 37 41 16 27 19 26 15 15 19 14 15 16 15 622 22 32 22 33 40 1620 6 16 6 2 6 6 6 11 5 14 14 14
30 35 55 42 43 1 29 29 29 1 36 37 3B 37 37 43 33 38 29 29 39 43 29 29 40 29 18 29 28 29 28 0.31 1 12

s

4 5 6 7 8 910 11 12 13 14 15 16 17 18 39 20 21 22 23 24 25 26 27 28 29 13 31.32 33 34 35 36 37 38
37 43 40 33 37 25 31 2o 21 25 22 21 22 27 21 37 37 43 37 41 40 33 37 16 27 21 15 21.11 16 16 15 14 21 14
20 40 39 13 35 15 41 21 20 6 14 20 27 21 43 35 8 25 42 40 42 27 26 20 33 43 16 23 21 5 S5 20 21 19 39

[

& 5 6 7 8 9 14 11 12 13 14 15 16 17 18 19 2¢'21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38
34 6 36 3B 38 2336 0 426 3 038 2253426332226 4 23326 2 12 1526 41 19 19 12 16 0 29
39 2% 6 220 033 ¢ U 011 .0 211 7 02536 0223738 030 0119 O 3191510 013 0 10

7
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TABLE 12

NUMBER OF CASES IN NON-STRAIIFIED AND STRATIFIED SAMPLES
FOR FINAL REGRESSION ANALYSIS

'Noh-Stréti";‘ied Samp1e

769

Non-Stratified Sample with Dew-Points 408

Type 1
Type 2

Type 3.

Type 4
Type 5
Type 6

276
124
139
75
47
67

TABLE 13

PREDICTOR CODE' FOR FINAL REGRESSTON EQUATIONS

Predictor
Number
1,2 First two grid-points for 850 mb heights.
"3,4 " " L for 790 mb heights.
5,6 " " " for 500 mb heights.
7,8 " " " for 300.mb heights. .-
V 9,10 " " " ..for‘ 850 mb height tendencies.
11,12 u " " for 700 mb height tendencies.
13,14 " o " for 500 mb height tendencies.
15,16 " " " for 300-500'mb thicknesses:
17,18 oo " for 300-500 mb thickness tendencies.
19,20 " " " for 500-850 mb thicknesses,
21,22 v " for 500 mb vorticities.
23,24 " " " for 500-850 mb thickness tendencies.
25,26 " " wo for 500 mb vorticit‘.y tendencies.
27,28 " " " for 500 mb vertical velocities
(Total)
29,30 " " " for 500 mb vertical velocities due
to thickness advection.
31,32 " " " for 600 mb vertical velocitias due
to vorticity advection.
33,‘34 Previous precipitation selected for first two stations.
35,36 First two grid—poi’nts for thickness advections.
37,38 " " i ‘ ‘for 850 mb dew-point depressions.
39,40 " " " for 700 mb dew-point depressions.
41,42 " u " for 500 mb dew-point depressions.
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TABLE 14
FREQUENCY OF PRECIPITATION FOR 12-ESTIMATE INTERVALS FOR NON-STRATIFIED DEVELOPMENTAL SAYPLE

NON STRATIFIED CASES
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+ 00
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AST  SLM
00 L0
W10 .07
13 .08
07 18
W13 W32
42 W45
W55 o583
W90 W71
W77 490
«96 .93
«96  +97
99 1,00

-29-

GTF
o0
ol
o7
21
36
39
02
58
92
1400
l.00
1.0

EUG
.00
.03
.07
.27
«20
+57
.58
<73
73
«96
«95
1,00

MSO
N2
NS
11
1l
«33
.ul
AL
W B9
.92
i.70
1.00
1.00

FCA
.02
.09
05
.20
.33
JH
50
.78
1,00
.92
1.00
1,00

PDT
.00
.04
.10
.19
«00
<00
«53
52
«80
.23
.00
.00

HVR
«C1
G2
«C5
« 20
Wbl
ol
65
71
.88
75
<00
]

EKA
.00
.0a
.07
.10
.28
il
<56
.71
.91
1,00
.89
1.00

HLN
«00
W01
(9
.22
43
56
40
« 80
.00
1.00
1.00
G0

MFR
W C1
Gl
«07
.19
26
¢35
+ 56
77
«95
1.00
30
1.00

GGW
.02
0l
.12
.18
36
«56
«60
78
83
67
«00
»00

MFR
.01
.01
32
o4
.21
U1
690
«80
« 93
1.030
«67
1.00

GGW

.08
.06
.20
.25
.59
.67
.75

1,00
.67

1.00
.00

SEA
oGl
«G3
« 09
36
.20
33
.¢59
-1
T4
«89
+91
1,00

LWS
02

.10
25
$ 33
W45
58

43
1.00
u
00

SEA
o2
G2
.10
17
50
45
50
«57
862
W91
«94
«91

LwS

1.0u
06
1.0G

FAT
«00
.02
.06
.15
«33
52
«63
67
1,00
1.00
.00
00

EKOQ
«00
<02
.09
21

o34

«50

«60
.83

1.00
1.00

FAT
.00

EKO

18

s 60
63
#83
1.00
1,00

LAX
0N
.01
<05
.26
23
47
«25
.83
1,01
1.00
1,00
1,00

LAX
.00
01
08
.20
29
.20
«55
W71
92
1,00
1,09
.00

WMC
.01
.05
.08
2N
25
35
75
57
1,60
1.0n
1,90
.0n

MF
o
2
w7
«19
236
59
Wbhd
)
W75
ety

300
1eul

FLG
L0
.00
+« 0o
iyl
ol
W19
S
bl
G0
100
1400
1.00

Mt
LGN
(RS
W12
oo
27
o 54
)
el
100
Tt
1elGl
1400

FLG
00
U0
N
1o
017
‘7:‘
HO
e b0
1l
]
1.00
1.00



TABLE 15
SAE AS TABLE 14 FOR TYPES 1 AND 2

SAC  SMA 3IL SLC BOI BNO GIF MSO PuT EKA MFR  SEA FAT LAX “UF
o00 007 000y W00 G300 L02 0G0 W00 .00 L02 .08 W00 L00 W00 00
$220 3T 700 TL05T 0A00 02 460 2 N5 w05, L06 L0000 1,01 L0u L0
020 W5 WPy L0020 L1100 L00 Wud .10 L0708 L83 L1000 06 L0703
W26 L1532 (U9 W16 415 425 W17 420 L3 .25 L13 ,31 .25 .2
W36 W29 WD3 0 WBE W38 427 209 W21 W36 39 WZh 4D 00 2% 25
03 87 LU 43,56 W52 W67 LUl W33 50 88,65 L50 ,7% .60
635 1,60 LB W70 WB7 BT .67 W75 .36 57 L84 L4l (8% 1,06 93
1000 2000 WAT 75 W71 W83 W33 W78 469 71 LT3 .63 5N 06 .00
1.00 4,60 LFY BT o6U L0082 L83 .85 L85 1,00 .82 1,20 ,nL .80
L.00 W99 €0 1,00 1,00 1,00 00 1.00 .85 1.00 L67 .88 L0000 .50
03 130 G0 1000 100 1,00 W00 1490 1,00 1,00 1,00 W95 .00 00 .00
09 LUY oFU 1,00 490 1,60 4£0 1,00 L.00 1,00 Le00 1,60 .00 06 .00

TYPE 1

ELY bBkL  TuS aAb
LON Lo .o, p00
L1 sud a2 .00
NE L Lua W0 00
21 W10 22 1y
AN Wb L1 L7
12 IR £ PR { I T o
«TH el aL0 1,00
1,00 b0 .75 00
1,00 3,00 a0 o0
SN 00 D, N0
L0 o0 .0 0D
P L S 13 Y s B T B o 11
KNO  Saie Lt SFO
P LT TS VR 1 { S ¢ 1)
AN L0 LNl 02
L S R | T o
W11 e1k w7 17
+25 W20 .29 23
W75 W7h W71 W45
1,00 7Y 1.00 1,00
L.00 oot up7 1400
SO0 H0 Lenh 3,00
00 Ut L 00
SO0 1adth 0D PG
UM Leuvt W00 3,00

sl PDA - OLW ALw AST  SLM ELG FCA HVR  HLN GGW LwS EKY WMC FLp
$03 0 ,DD W80 WGb L,80 .00 WU .00 W04 LU0 ,02 L00 .00 .06 .00
WL W33 00 W86 W30 WGD LGB W06 W01 J0B (6 W07 W02 N7 a0
W26 LAh S07 ,06 W00 G2 «u3 0B W05 .10 04 G100 LI5S NG 060
W28 425 L1 526 .00 W18 .12 .22 J17 W10 W21 W17 0R L1111
29 LI WLb W36 2600 429 W21 $27 W50 .31 .20 J43 W45 37,20
o3 LB U] (4B (Bl 439 WU9 039 (B0 J67 56 W35 $HT7 W61 75
$71 0 LB8D 0B3 B0 W56 W T7 469 .67 W80 67 67 W54 60 463 57
W7D L300 WAL B2 LTH 468 W7Y  LAN 1,00 1.00 1.00 W73 W80 5L 1,00
$03 T8 L9260 W81 493 Lub W78 1.00 1,00 .88 .88 .06 1,00 1,00
1e00 0 L68 L,95 1,80 491 W94 1400 1400 1,00 1,00 1,00 1.G0 .87 .06 1,09
$M3 092 1400 Ll 498 1,00 Leuf 1400 1,00 1,00 1.00 1,60 1,00 00 1,00
«03 108 1400 1,60 ,98 1.00 .95 1.00 1,00 ,00 1.00 1.G3 1,400 06 .00

TYPE 2

ELY BFL TUS PHX YUM SAC SMX -BIL SLC BOI. BNO. GTF MSO PDT  EKA ,MFR‘ SEA  FAT LAX MLF SAN
J00 .00 00,00 L,00 L,00 L00 LOC L00 OO L00 400 4G5 <00 .00 .,00 ,G0 LGD .00, .OG .00
«00 w00 .00 a0 L.C8 L0D L09 L06 LD .00 L80 L00 80 420 00 .00 .02 <00 .00 .00 .00
00 w0l 15,0 00 L0 .00 L0003 L05 00 400 W15 L00 .00 00 .CO .00 .00 .0 ,00
£O0 LUl W20 200 BC .00 W00 ,22 00 L0C .80 .27 JG0 w15 400 W14 .27 .00 .00 .0G 50
1,00 .00 411 .00 L.00 2.80 1,00 .27 1% ,25 ,00 46 .13 ,60 400 1.00 .09 1.00 1.00 .57 1,00
«00 .00 B0 1,00 1,00 L3 L0 W50 LBD 475 1,00 613 050 450 1.00 ,00 2,00 <00 L00 .33 L0
00 L0 L0000 L00 LD L00 ,71 1,00 1,00 1,00 .58 .71 1,90 1,00 ,50 1.00 .00 1.00 .67 .00
1,00 .00 lon0 oD L00 W00 W00 .80 1.00 1,00 1,00 1,09 47C 1.00 ,00 1,00 1.06 .00 .00 0L L00
00 W00 1,00 1,00 400 B0 400 C.63 1,00 1,00 00 W75 80,490 1.00 1,00 G0 00 .00 1.00 1,00
1,00 3.0u 1,00 .00 ,0C .00 1,00 1,92 1,00 1,00 ,00 1,00 1,60 400 .00 ,00 ,L00 .00 1,00 1.n6 .00
N0 00 Len0 00,00 00 400 1,00 1,00 .00 1,00 1,00 L.C0 400 1.0C ,00 1.00 +00 .00 .0G .00
SO0 W00 .00 N0 .00 W00 .00 2408 JPD L0080 L00 1,00 1.G0 2490 1.00 00 1,00 .00 o00 1,06 .00

ING "SFO PIH GEG PDX OLM ALW AST SLM EUG FCA HVR "HLN GGW LWS EKO® WMC ~FLG
<00 wu0 00 .00 ,00 400 .00 .00 D0 .00 00 ',DO L00 .BO .00 .00 .00 .00
J0N wUud 00,00 ,00 L05 .00 L0080 L00 ,00 ,00 .00 «G0  LD2 J04 ,00 .GO GO
VOO 00 0B N6 W06 420 05 L0 LC)  LO4 ,00 07 .05 .08 00 L0005 ,00
W00 Gul L1000 4285 W88 W17 405 J17 .11 L15 L1565  LU7 .00 .09 ,00 (17 G0
$D0LUD B3 .22 417 425 4D 427 W33 33 426 50 407 <10 .36 .B7 G40 .20
$50 1eUl W38 87 A7 W83 1400 75 43 1,00 W45 .22 487 .33 B0 75 .00 .60
1,00 14500 W67 | 75 64 1.00 1400 L85 1,00 1.00 462 .60 56 460 .67 00 1,00 1,00
$00 00 W67 1000 1,00 .80 J0)  48Y 1,80 DO .89 .86 ,90 .91 1,00 1.00 .00 1,00
L.00 7000 1400 2,00 L.00 1400 00 086 1400 G0 .67 67 483 1.00 1,00 .00 1.00 1,00 .
1.00 L0 ,n0 1,00 1.09 .30 .00 .86 .0J L0O 1.00 1.060 1.0C 1.00 L0OO ,00 .GO GO
1,00 400 1,080 1,00 1,00 +30 .09 1,00 1.00 .00 1,00 1,00 1,60 1.00 .00 .00 .G0 400
«0N W00 1400 500 L0033 .00 1,00 400 1,08 1.90 .00 100 1.00 .00 ,00 1,00 1.00

~30- . o



TYPE 3
ELY BFL TUS
.00 00 .00
.00 L00 .00
»00 L0000
00,00 L0
«33 456 1.00
1,00 43,00 .50
1,00 1.00 .00
.00 L00 -,00
.00 L00 1.00
2,00 .00 400
.00 00 0O
AN L00 00
RNO  Spl - INW
00 W00 L0
L0N Ls00 L00
I8 J00 L00
«15 0N Lp0
Jd W50 400
50 W75 1.00
+50 1.00 1,00
1,00 400 1.0n0
1,00 .00 1,00
1,00 <00 .00
.00 00 .00
1.00 o000
TYPE 4
TUS SAC BIL
200 7,00 .00
.00 00 .00
«00 LU0 400
00,00 W00
00 W00 W67
00 400 1.00
200 .00 .00
1,090 .00 1.00
1,00 1.00 .00
1,00 .00 .00
00,00 .00
«0N L00 .00
piM  ALW  AST
.00 ,00 ,p0O
+00 .00 ,00
£00 LU0 L00
«00  L,00 .00
.00 .00 L,17
67 100 .00
1.00 W00 1,00
1,00 ,00 1,00
1,00 .00 1,00
.00 ,00 1,00
1,00 .00 1.00
«00 w00 1,00

LAS
.00
.00
.00
W17
.00
1,00
.00
1.00
1.00
.00
.00
.00

SFO
+ 00
.00
+00
06
.38
P40

71
«86
1.00
1.00
1.n0

sLe

«00
«00
.00
.00
.00
.00
1.00
.00
.00
.00
<00
1,00

SLM

.00
0N
00
.00
33
00
.00
1.00
.00
« 00
.00
» 00

PHX
«00
« 00
<00
«00
«00
1.00
1.00
1.00
«00
«GO
«00
«00

"PIH
.00
.00
.00
.18
22
57
«50

1.00

1.00

1.C0

1,00

1.00

BOI
00
.00
«00
«00
00
1.00
1.00
« 00
1.00
« 00
.00
<00

EUB

.00
<00
.00
.00
.00
«00
1.00
1.00
«00
«00
«00
«00

Yum
«00
.00
«00
«30
«50
1.00
1,00
1.00
«C0
« 30
»00
<00

GEG
«00
«06
.00
.21
25
+50
.70
75
.78
1.00
1.00
1.00

BNO
.00
+00
.80
.00
+ 50
. 00
«00
1.00
<00
.00
.00
«00

'FCA

«00
«00
<00
<00
« G0
75
1.00
1.00
1.00
1.60
1.50
1.%50

SAC
.00
00
«00
.07
+29
43
«55
1.00
.78
1.00
1.00
1.00

Rpla
<00
.00
.07
«05
22
67
«55
-t
82
1,00
+50
1.00

GTF

.00
.00
«00
.00
.00
1.09
1.00
.00
« 00
«00
«090
.00

HVR
.90
.00
.00
.00
.00
1,00
.00
1,09
1.00
.09
1.00
.05

"TABLE 16
SAE AS THBLE 14 FOR TYFES 3 AND 4

sMX  BIL SLC BOI BNO G6TF Mso

«00 .00 .00 ,02 .00 00 .00

.00 L00 .00 ,L00 L05 400 .04

.00 .00 .00 ,00 L00 G0 .00

06 J14 ,00 L07 L00 13 .15

«17 50 1,00 ,36 L,42 00 .25
1.00 1,00 1,00 ,25 .22 <60 .20 -

W60 1,00 L,00 1,00 .67 67 o567
1,00 400 ,00 1,00 483 1.00 1.00
1.00 400 .00 1,00 .80 1.00 .86

+00 .C0 .00 1,00 1,00 +00 1400

00 400 .00 1,00 ,00 1.00 1.00
1,90 +00 ,00 1,00 ,00 .00 1.00
.PDX OLM aALW AST SLM EUG FcA
.00 L00 ,00 .00 .00 +00 .00
20 L00 L06 ,00 L00 L0O .00
09,00 L07 L,00 J11 .00 .05
L00 o33 L13 .00 J09 +08 06
.00 L00 .37 L0800 .36 .29 .42
47 .25 LU0 00 .25 .50 Juu
65 4T3 .63 LU0 70 W55 75
86 453 60 67 463 486 L83
«9% 1,00 1,00 .85 488 492 .67
«77 94 1,00 1,00 1.00 .83 1.00
1,00 1.00 1,00 .97 1.00 1.00 1.00
1.00 1.00 1,00 1,00 .94 1,00 1,00
MSO PDT EKA MFR SEA FAT MLF

«00 400 400 ,L,00 .00 00 400

.00 L00 .00 .0O oop «60 .00

«00 00 L00 L00 L00 +00 400

00 400 LO00 LO00 .20 G0 .00

«80 .00 LO0 .00 ,L,00 400 .00

«00 1.060 L00 ,L,00 ,50 .00 .00
1,00 20 1.00 400 1.00 G2 .00
1,00 1.00 .06 1.00 1,00 1.GC 1.00
1.00 1.63 .00 ,00 1,00 .60 ‘.00

90 .00 L0 ,00 1,00 400 .00

«00 J00 .00 ,00 1,00 «G0 .00
«00 .00 .00 ,00 1,00 400 .00
HLN  GGW LWS EKO WMC  FLG

-+00 .00 .00 L00 L00 GO

00 .00 L,OC .00 LO0C .GO

.00 €0 L0C L00 L0O0 .GO

.00 .00 .00 L00 ,L00 .00

«00 00 L00 L0900 L,00 .0GC

1,00 1,00 .00 .00 ,L00 GO

«00 400 1,0C ,00 .00 GO

00 1,60 .00 1,00 1.00 G0

.00 .,00 ,08 ,00 ,L00 1.G0

.00 .00 1.00 ,00 .00 GO

.00 .00 L08 ,L,00 ,L00 (O

+00 00 .00 .00 L00 oGO

_31_

PDT EKA
.00 ,00
.03 .00
.05 ,07
.21 .21
.38 ,50
.31 ,18
.83 .50
83 .79
.75 .82
+83 1,00
1,00 ,83
1.00 1,00
HVR HLN
.00 .00
.00 ,00
.05 ,00
.00 .00
s .27
1,00 .86
67 1.00
1,00 .75
1,00 .00
1,00 1,00
.00 ,00
1,00 ,00
RNO.  SAN
«00 00
.00 00
+00 00
.00 00
.00 00
.00 1,00
.00 .00
.00 ,00
1.00 ,00
.00 00
+00 00
«00 ,00

MFR
«CO
.00

.00

13
«50
W31
.60
.80
1.00
1.00
1.00
1.00

GGW
«00
<00
.05
«00
»00
1.00
1.C0
1.00
1.00
.00
«00
«00

SFO
.00
.00

00

.60,
.00
.00
<00
1.900
.00
<00
.00
.00

SEA
.00
«00
.00
«00
13
.60
«60
'65
«85
.94
1.00
1.00

LWS
“e00
<06
07
13
17
«38
79
«70
«83
«80
1.00
«00

PIH

«C0
.00
«00
« GO
«C0
«00
«GO0
« 00
1.00
«00
'00
«00

FAT
«00
«00
04
.12
17
«60
«67
1,00
1.00
1,00
1.00
.00

EKO
«00
«00
04
15
«33
U0
1,00
.00
1,00
«00
«00
1.00

LaX
+ 00
.00
.05
15
.17
+50
1,00
1,00
1,00
1,00
«00
.00

67
1.00
1,00
1.00
1,00
1.00

RBL

00
.00
.00
L 00
.00
.00
00
1.0G
NG
.06
.00
.00

MLF
00
.00
. 04
33
.00
«00
1.00
1.00
.00
1,00
«00
<00

FLG
«00
.00
206
«07
.38
«33
1.00
1.00
1.00
1.00
1,00
«00

PDX

.00
.00
«00
00
«00
<00
1.00
1.00
<00
1.00
+00
<00



- TYPE 5

BFL
«0U
«00
00
00
« 00
« Q0
W67
1400

1,00 1,00

RNO

.On
0N

.00 -
50 ¢
OOQ‘

1,00

'5n
1,00
1,00
1,00
1,00

ELY
.0n
0N
.00
0N
.00
b

1.00
1.00
1.00

SAN
00
W00
« 00
W00
00
LU0
W00 ¢
1200
100
“1400
100
1.00

TYPE

BFL
00
$00
00
» Q0
i
Nile

75 340071

1,00
1.00
1,00°
1,00
,00°

RNO
00
00
11]
13
.« 00
1,00

<00
001

SAN
W00
« 00
00
<00
200
00

1,00 300 1
1,00 .00 1
200 1.00 1
1,00 1.00 1
.00 1.00 1
.0n 1.00 1

TUS
.00
.00

<00’

.00
«00
.00
.00
N0
1.00
00
<00
il

INW
.00
.00
.00
.00

«00 -

00
1.00
«00
1.00
N0
<00
1,00

TUS
.N0
.00
.00
00’

LAS
«00

«00°

« 00
« 00
00
000
«00
1.00

1.00

1.00
1.00

. 00

SFO
«N0
<00
«00

.00

.00
1.00
1.00

«00 -

1.00

2100

1,00
1.00

«50 1.,00°
«00 71,00

<00

00 1,00

.00 1,09
1.09

.00 1,00°
W00 1,00
0N 1,40
+00 1,00

INW
10
.00
«no
0o
00
25

.00 1.00

00 1,00
.00 1.00
«C0 1,080

200
00
<00
.00
00

«N0 1.00

100
"«00°1,00

PHX
.00

.00

00

.00

000‘

000

1,00
1,08
<00
1,00
1.00
.00

PIH

«09
«00

«00 -

.00
50
«00
«80

1,00
.00

1.00 &
1400

PHx
.00
.00

.00

.00 '
00
+33

YUM  SA¢
.00 .00
<06 400
.00 ,00

«00 .00
00 .00
.00 .00
+ 00
.00

1.00°

1.00

]

+90 .00
«00 ,00
«80: ,00
00 - .00
250 (00

YUM
.00
.00
<30
« 00
.00
'00

1.00"
“1.80
“1.30

.00

.06 °1.00
«00 1,00

PIH
200
«00
+00
« 00
«00

.00

.00

.00 1,00

.00

GEG
.30
«00
<00
W10
.00

1,00

« 30
«00

1.90

.00
«00

) 1,90 « .25
1.00

sac
.09
.00
.00
09"
.00
.00+

1,00

<00
.00
«00

Rk
00
W00
« 30
.00
«00

SMX  BIL
00" .00
00 .00
00,00

<00
.00
00
.00
.00
- .00

SMX
.00
.00
'00
.00
.00
.09
1,00
1,90
1,00
1.00
.00
.00

PDX
.00
.00
.00

+00
.00

1,00 1,00

«00

.60

.00 1,00
.00 1.00
«00 1,00
1,00 1,00 1.00
00 1,00

«00° 400
.00 .00
.00 .00
1,00 1,00 .00
1.00 1,00'- ,00
1400 4.00 1,00
1,00 1,90 1,60
1,00 1.00 1,00
1,00°1,00 - 00

RsL PDX OLM

«00
000
<« 00
«00
«00
«00

1,00 - 400 1,00 .
+1,00°1,00 - ,00
.00-1,90 1,00
£.00 1,00 1,00
1.00°£.00 1,00
001,00 1,00

aIL

TRBLE 17
SAE AS TABLE 14 FOR TYPES'S A 6

SLC  BOI
,00* .00
.00 400
.00 .00
«00 ,00
'Qo‘ 025

000 .67
1,00 1,00

1,00 1.00
1,00 1400
1,00' 1,00
.1000' ooo
1,00 1,00

ALW AST
.00 ,00
.00 .00

00 ,00 .

00 .00
1.00 ,900
00 .00
1,00 400
1,00 .00
.67 .00 .
1,00:1,00
1.00.1.00
1,00 1,00

SLC
«00
« 00
o 13
200
.00
.20

.50 1,00
1,00 1.00
1409:1,00

+00 1,00
1.00 1,00

601,60

LM
+00
.00
+00
400
200

ALW
.00
.00
.00
b

20
«29.1,00-

1.00 1,00

75 1

000

1,00 1,00
1,00:1.00

.00

1.00 1,00

BOI
.00
aoo
.OQ
-QO‘
« Q00
.00
1.950

.33 1,00
i.00 1,00
1.00-1,60

BNO
00
200
«00
{;3
<00
«00-
" o00
1,00
1,00
1,00
1.00
1,00

SLM
«00
«00
<00
«00
«00
.00
«00
«00 .
1.00.
1.00
1,00
1,00

BNO
.00
.00
.00

00"
.00
.00

1,00 1.00

1,00-1,00

AST
.00
’00
.00
«00
.OO
251
« 1400
+1.00-1
1,00 1
1,00 1
1,00 1

SLM
.00
.00
.00
.10
.00
.00
0671
00

1.00
1.0G0.1e00
11400

GTF
00
<00

00

«00
« 00

67

.50
1,00
1,00

+00
1,00

EUG
«00
«Q0
«00

000 .

«GO
«00
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TABLE 18

NUMBER OF TIMES EACH PREDICTOR FIELD
IS SELECTED AS THE FIRST OR SECOND PREDICTOR

IN THE FINAL EQUATIONS FOR ALL STATIONS

Non- ]
Stratified Type
| Sample
“with
Dew-
Points{ 1 { 21 3| 4} 5] 6
350 mb Height 10§ 13 81 91241 5} 7112
700 mb Keight 5 3 1121519} 31516
500 mb Height | 7 3 212120} 4] 2
300 mb Height 1 T2 4l 2] 4]
50 mb Height Tendencies o] 2 |2 6| c|6]5
700 mb Height Tendencies 0 0 215101 2¢18)5
500 mb Height Tendencies of o l1lalils]|2]ls
300-500 mb Thickness 0 0 O 2 11 312]| 4
300-500 mb Th%ckness Tendencies - 0 0 Ol 41 116141 4
500-850_mb_Thickness 1| 1 {1]2|3]4l5]|7
500 mb Vorticity 1 3 14{124{ 8] 94{12] 8
500-850 mb.Thickness Tendencies 0 0 013111 3 3 41
500 mb Vorticity Tendency O‘ 0 ol 4f 2| 5] 5] 6
500 mb Vertical Velecity (Total) 2 3 11 3] 14 91 2 3
500 mb Vertical Velocity (Thickness Adv.) 0 0 0; 41 6] 8] 3| 2
500 mb Vertical Velocity (vértiéity Adv.) of 1 | 2] 9] 2] 2| 2|1
Previous Precipitation ‘57 50 |45) 2] 6) 71 21 1
Thickness Advection 0 0 61 91 711341 81 10
850 mb bew Point Depression 4
700 mb Dew Point Depression ]
500 mb Dew Point Depression 0




TABLE 19

REDUCTION OF VARIANCE

Non-Stratfffed

Station Data Types
J with - B
Dew- | 1 2 |1 3 4 5 6
Points , ’
ELY .357 | .406 .381 { .509 | .439 .824 | 555
BFL .350 | .39 422 | .821 | .368 .1 .693 | .538
TUS .445 | .488 .561 | .432 | .402 | .757 | .694 | .716
LAS 237 | .266 . 386 .521 790 | .537
PHX. 510 | .524 .644 | .385 | .523 708 1 .692
YUM. 1l .273 | .351 474 | 348 | .483 .790 | .655
SAC .463 | .556 361 .394 | .514 1 .720 | .840 | .694
SMX. .485 | .514 .437 | .560 | .521 798 | .671
BIL. 319 | .264 310 451 | .399 | -.434 | .789 ] .58l
SLC. .386 ] .270 458 | .590 | .399 | .793 | .818 | .634
BOI- 3141 .320 .380 | .505 { .493 | .562 { .681.f .725
BNO. C.313 1 .349 471 ) .682 | .461 ] .599 | .710 | .647
GTF 416 ) .434 +353:] .551 } .558 | .509 | .679.] .623
MSO. 0.319) .354 | .344 ) .413 ) .592 | .594 | .721 | .617.
PDT - -.456 | .497 | .485 ) .462 | .428 ) .623. | .742|. .656
EKA 506 | .537 4371 .590 | .550 | .574 | .717 | .606
MFR 416 ) 434 408 | .582| .586 | .641 | .767 | .674
SEA .505 1 .504 439 .446 | .461 | .644 | .745| .634
FAT 400 --.476 +368.| .355 ) .503 | .642'| ..812.| .649
LAX 5111 .508 316 .546 | .443 810} .757
MLF 4201 .486 4124 .552.1 .476 { .690 | .816 | 637 ..
RNO .383 441 465 .523 1 .720 | .733 | .560
SAN 508 .534 | .550 .448 | .452 .447 | .804 | .808.°
INW ~.4551 .508 .3991 .589 | .581 672 | .723
- SFO .4841 .550 .4521 .533 | .544 ) ..681 | .781 | .548.
PIH 3731 421 L4281 .364 | .542 ) .740 | .722 | .664
GEG .353| .429 | .395{ .524 | .500 } .654 | .689 | .649
RBL. .380( .403 | .316 .400 673 | .697 | .723
PDX 5561 -.332 - { .529{ .464.} .467 | .651 | .840 | .756
OLM. 50T | .356 453 .390 | .434 | .594 | .765 | .643
4 - ALW 22081 .381 L3131 .314 {..441.}...486 | .695.] .533..
- AST 467 .484 .2841 512 | .294 | .658 | .778 | .673.
SLM ~+487 | .465 y 419} .478 { 453 } .564 | .733} .701
EUG L4971 .519 472y 0 .389 | .493 | .578 | .625 ) .711
FCA - .186 | 297 .1 .360 .437 | .528 { .633 | .670 | ..577
L - HVR .2501 ,329 3071 .432 { .587 | .648 | .842 | .606
- HLN 2471 .256 L3311 515 | .448 | .436 | .526 | .585
GGW 2281 .284 '} .363| .476 | .466 | .569 | .662 | .426
- LWS .235| .357 3161 .360 | .413 | .692| .726 |..560.
EKO .359 | .393 L4391 .418 | .535 .631 .822 | .581
WMC .266 | .298 .2531 .,539 | .534.{..660 | .700 | .635
FLG 535} .245 .524 1 575 | .485 720‘v .847 | .763
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TABLE 20

STANDARD ERROR OF ESTIMATE

Non-Stratified

Station Sample © Types

with

Dew- 1 2 3 4 5 6

Points
ELY .216 | .231 92} 129 | 145 .203 | .280
BFL .203 | .217 181 | .040 | .202 .285  .155
TUS .219 | .207 L199 | .240 | .164 | .105 | .095 | .244
LAS L155 | 152 .116 146 144 1 178
PHX .181 | .187 148 | 179 ¢ 133 .234 | .242
YUM 166 | .172 123 | 132§ .125 152 1 .198
SAC .256 | .262 241 | .074 § .335 | .068 | .231 | .074 -
SMX .210 | .225 .187 | .088 | .224 .250 | .193
BIL .286 | .283 .269 | .357 } .175 | .189 | .152 | .218
SLC 273 | .270 278 1 212} 116 | .078 | .210 ) .295
BOI .321 | .320 342 | 213 § .258 | .145 | .304 | .241
BNO .330 | .349 316 | 135 .335 | .081 | .290 § .259
GTF .289 | .289 .268 | .340 | .208 | .153 | .283 | .275
MSO .346 | .345 .332 ) 372 4 .277 | .160 | .305 | .265
PDT .294 1 .299 .309 | .222 ) .348 | .134 | .268 | .230
EKA 315} .323 2337 | J140 | .342 | .118 | .247 | .244
MFR .309 | .326 .328 | 137 | .299 | .108 | .274 ; .180
SEA .347 | .353 378 | .224 | .370 | .235 | .260 | .271
FAT .224 | .231 94 1 106 | .241 | .073 | .231 1} .155
LAX 160 | .210 156 | 109 | .224 232 1 .194
MLF 241 | 247 .227 ¢y 208 | 172 | .070 | .214 } .294
RNO .208 | .236 146 .234 | .068 | .272} .209
SAN 197 | .204 JA72 1 122 1 .169 | L095 | .233 ) .200
INW 197 | 195 J72 | 194 1 137 .210 | .257
SFO 264 | 271 237 | .092 | .327 | .072 | .265 ) .126
PIH .293 | .291 .286 | .318 | .235 | .065 | .297 | .237
GEG .349 | .339 .356 | .232 | .354 ; .178 | .321} .198
RBL .275 | .293 .257 .386 | .071 | .266 | .099 -
PDX .325 | .332 346 | .288 | .377 | .129 | .187 | .249
OLM .355 | .356 .350 | .279 ) .331 | .239 | .192 | .274
ALW .370 | .381 375 | 226 | .372 | .092 | .302 | .268
AST .352 | .327 .339 | .354 } .316 | .224 | .113 | .307
SLM .356 | .369 .384 | .236 | .364 | .184 | .186 | .250
EUG L343 1 .348 .367 | 213} .362 | .142 | .226 | .209
FCA 409 | .374 .378 { .381 | .316 | .247 | .295 | .299
HVR .298 | .313 | .295 ) .335 ¢ .218 } .149 4} .192 | .143
HLN .325 | .322 277 | .333} .233 | .131 | .363 | .302
GGW .323 | .326 310 .336 | 177 } .144 | .299 | .320
LWS .368 | .348 .380 | .284 | .366 } .100 | .276 | .237
EKO .304 | .306 307 { 174 | .231 ¢ .078 | .242 | .29C
WMC .301 .305 .} .310 ] .197 | .254 { .074} .295 | .204
FLG 241 | .245 931 .213 | .218 1 .068 | .218 | .263
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TRBLE 2

ROOT MEAN SQLIARE ,
— ERRORS FOR TYPES 1, 2 AWD 3

FAT Lax MLF

ELY BFL TUS LAS  PHX  yuM  Sac  SMX  BIL  SLC - BOr  ANO  GTF M5O PDT  EKA  MPRSER 245,264

.223 ,195 ,185 .080 072 ,032 L,227 .223 330 .268 L401 L4000 .328  L497 L5044 .24 277 .581 ,235

RNO SAN INW SFO Plh WES T HBL  PDX oLM ALW AS1 SLM EUG FCA HVR HLN GGW LWS EKO wMC FLG
L1495 L4191 L132  .297  ,BL3 434,135 L,609 .5B86 518 ,u4ls 346 474 ,589 ,367 .438 307 (452,266 L,219 ,138

LLY  BFL TUS  weS  PHMak YUM Sac SmX BIL SLC BOI  BNO  GTF MSO  PDT  EKA  MFR SEA FAT  LAX  MLF
W212  .227 Jisd. 4006 LQbL  L,000 L1760 295 ,347 .29C Lu405 L,4u2 ,323 ,486 ,515 ,223 .271 L,5R1 ,229 ,250 ,266

iy SAN Loww SFO P GRE KoL PpX Ol ALw AST SLM EVG FCA HVR HLN GeW LwWS EKO wMC FLG
P25l G228 LEul L5090 .291 L4592 L2134 L6006 L59% L498 .41y .326 Lu4b4 598 ,338 .482 L4w2 466,247 ,208 ,030

TYPE 2
LY ufi Tus  LaS PHX YUM SAC SMX  BIL SLC BOI sNO  GTF MSO PDT  EXA MER SEA FAT LAX MLF
Y P N S E N $25¢ ,079 L0965 L087 L496 L6043 38R ,326 ,6U9 ,L,707 435 .194 ,044 ,768 L078 L080 367
WU BA T SF0 PIm EG k8L PDX  OLM  ALW  AST  SLM  EUs  FCA HVR HLN  GGW  LWS  EKO  wMmC FLG
071 L22%  LLCT L5885 L3686 690,563 L477 L498 .61l .Sle .716 L620C L3T72 L7597 ,582 ,139 .201 ,281

ELy oL Tek LaS . PHX YUM  SAC  SMX  BiL  SLC  bOI 3NO  GTF MS0  PDT EKA MFR  SEA  FAT  LLAX  MLF

Ceotd L0000 L10y W2TT aLeh LLUL TBE WB6S WT25 .55, 4,326 J6L3 635 L480 4380 L0LB ,302 ,000 .0NO L331
<N SAN 1w SFC Plm wEG  RBL PDX  OLM AW AST  SLM  EUs  FCA  HVR  HLN  GGW LWS EKO WMC  FLG
SO80 L 167 L0433 Lee¥  Lu77 W83 L6010 JHU2 L5000 L6H9 (501,785 762 650 LB48 .95 L0900 J0R4 315

TYPE3

=hY BFL Ty Las PHX YUM SAL SMX 8IiL sSLe 30y RO GTF MSC POT LKA MFR SEA FAT LexX MLF
L2463 248 235 (l4p L1B% L1385 538 L287 LOME L O34 387 Le36 .25l 446,573 L4799 .S0o 506 ,3CL 314,185

w0 SAN INW wFu Pitt Gt Rise Piax Olm ALW AST SLM Eve FCa HVR LN GGW LWS EX0 wMe FLG
L300 o157 L1600 «5B7 L30T L0899 LByl 4536 LAT2  JTIU J208  LW42 G461 534,237 .323 L1599 ,AP8 349 .379 .150

ELY BEL Tus LAS X Yt DAL X [CREN SLC BOL KNO GTF MSQ PDT KA MER SEA FAT LaX MLF
L225 330 .213  .p00  L000  ,00D LR 03D L20B W35k L4B8  L548  ,22l L4985 L5780 JRGT W#97 L3519 ,299 ,271 L1113

RNO SAN INw SFU PIH GEG 8L POX oL, ALW AST SLM < Fca HVR LM G LWS EKO wMC FLG
$3l4 L2200 L0000 .56F L334 729,330 L5986 346 L0077 273 4389 .abde LS571 ,228 L3212 .0s4 L6725 352 .369 ,033

_37_
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FIGURE 2

PRECIPITATION FREQUENCIES. SOLID LINES REPRESENT FRACTION
OVER NORMAL

TYPE 6 | TYPE 7 !
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FIGURE 8, YEANS AND STANDARD DEVIATIONS FOR 850-'B DEW-POINT DEPRESSIONS,




FIGIRE 9. VEANS AND STANDAR) DEVIATIONS FOR 700-¥B DE-POINT DEPRESSIONS.
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+22850%(33) -.00110*( 3)

LAX . INTERCEPT

1075
- 230458%(33) ~.00033%( 7)

MUF . INTERCEPT

40989,
.33528#(35) 1002634 (21)

RNO INTERCEPT
+20151%(33) ~.00116%¢ 3)

SAN  INTERCEPT

. 4133
,33453*(33) +21558%(24)

INY * INTERCEPT

B <0139
$337654(33)  (346TLx(34)

"SFO" INTERCEPT

+ 0864
=+00212%( 1) ,22862%(33)

+16185%(33)

T4
=,00110%(11)

48 -
~e00094%( 1)

139 o
"=e00075%(19)

549
~eG02334( 1)

95. i
-2 000484( 3)
6
+00178%(12)
624
+20774%(34)
78 ‘
=.00133#(13)
2
+000364( 8)
03 )
1231148 (31)
1
+21323%(34)
2497
+15950%{34)
5
002424 (27)

]
100196x1{ 2)

PIH  INTERCEPT ~3,73669 '

«34325%(33) =,00136%( 1)
686 INTERCEPT

40589
-33“99*(33) 2 26396% (34)

_RBL_ INTERCEPT.

125
.368893(33) *:00126%( 1)

POX  INTERCEPT Yo s =
+57622%(33) .2“365*(34)

OLM  INTERCEPT

13491
«eQ015H4( 1) ,27550%(34)

ALN  INTERCEPT

$0646
+21585%(33)  ,20511#%(34)

AST  INTERCEPT

+ 1473
=¢00106%( 5) ,30714x(33)

SLM  INTERCEPT

o1
«00050%( 5} ,2u724%(33)

EUG , INTERCEPT

+009
=e00178%( 3) ,33083%(33)

FCA - INTERCEPT

10761
«004B4%(27)  ,23327%(33)

HVR  EINTERCEPT - o100
-25423t(33) =+00177%( 1)

HLN  INT&RCEPT 3.1
.22090!(33) .00317#(27)

GGW  INTERCEPT

1082
“e00350%( 1) ,16891%(33)

LwS  INTERCEPT

20581,
+28517%(33)  ,20881%(34)

EKO  INTGRCEPT

20746
~o0024B%( 1)  ,30492%(33)

«19136x(34)

6 e
+00153% (26}

9
+00346x(28)
9 s
+002484127)
9 .
100076%( &)
3 E
+00215%(25)
07
~1001645% (14)
9
+00449x(28)
87
00322%(27)

1022
+U0463%(28)

09
+00645% (29)

1
+00907%(29)

7
200476 127)

WmMe INTERCEPT - 06662

=~e00081%( 3) 426903%(33)
FLG INTLRCEPT

12567
«s00306%( 3) ,30588%(33)

Figure 17,

+00164%(21)

1
«00079%( 6)

7.
100098 ( 9) .

72
=400068%( 5)

~400594%(29)
-+00507%(30)
200121%(13)

=+00074%(17)

=-400218%(32)
;.iusast(au)
100316%(27)
-;ooxuau(z7)
+18188%(34)

+00049*( 8)

~000105%(13)

«00304%( 2)

+16983*(34)

200099 {20}

1164395 (34)
+00230%(27)
+00331%(27)
+01013%(29)
=4 00355%(28)
“e00396%(28)
fooosé*(xu)

«00091%(20)

9 .
+00507%(27) ¥

+00203%(25)
«16341%(33)

\00362%(27)
-.ouxsé;( n
+00237%( 4)
J00128%¢ 2)
+00725%(30)
= 00073%1+9)
V174934 (34)
=,00245%(11)
+00021%(38)
+11291%(34)

+17684%(34)

=, 00080% (14)

=.00035%(36)

+00083%(14)
«00070%(20) .000k6%( 3)

+00137%(21) =400601%(29)

«400073%¢ 1)

100033%( 6)

«00061n( 6)

~.00128%(11)

=901712#130) 400091 4}

+00086%(22)
+00905%(29) =,01313%(30)

«00014%(35)

+00043%(16) 400128%(25)

x

L001704(25)  10967#(34)

+00096%(10)

100176+ (25)

«00164%(12)

«00134x( 2)

=e00820%(29) ,00083%¢ 4)

100026%( 8) 4093364 (34)

«+00030%( 8)

+00089%( 4)

Final Regression Equations for Non=Stratified Data.
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ELY INTERCEPT
«22959%(353)

~e17371
00142%(21)  .19979%(34)

BFL INTERCEPT
0232385 (34)

12578
«18£11%(33) =,00010#(37)

TUS INTERCEPT
$29159% (54)

+21000
«37801%(33) =.u0l64x{ 3)

Las INTERCEPT
T e l4QLT (33

~el0887
+00006%(39) -.00085«(17)

PHX INTERCEPT
«34007%(33)

«»09015
«35386%(34)  .U0314%(27)

YUM INTERCEPT
sl2610%(54)

05309
Quede*(51) L 14789%(33)

SAC INTERCEPT
=.00155%( 1)

23475
022975%(33)  .00209%( 2)

SMX INTERCEPT
=.0UDU1B*(37)

+21415
+24587*(33)  LU0216%( &)

BIL INTERCEPT
=.00053%(19)  +185U8%(33) =-.u0010%(37)

SLC  INTERCEPT
-,00u78%( 1)

BUI INTERCEPT
2226955 (34)

2465935

= D3646
$278534(33) 302198 (34)

«l4768
*26981*(33) ~,00024%(37)

BNO INTERCEPT
«20584% (53

GTF INTERCEPT
«303274(34)

»20064
$21767*(34)  L00193x(22)

3.50193
«30099%(33) =,u0083+(19)

MSO INTERCEPT
=.00158%( 1)

POT INTERCEPT
S49825% (33)

=+ 00476
lTultx(34)  .19751%(33)

+ 01404
«17151%(34) =,00051«( 3)

EKA INTERCEPT
=.002u46%( 3}

+25952
«00173%( 4) =.00011%(38)

MFR INTERCEPT =6+24331
«27124% (33} ~.00115%( 1) .00263%(12)

SEA INTERCEPTY 28752
»55103%(33) ~.00192%( 9) =.00014%(39)

FAT INTEKCEPT «11776
¢19920%(33) =.00016%(37) .00125*(21)

LAX INTERCEPT «21081
+32485%(33) =.00012%(37) .00393«(31)

MLF INTERCEPT “e26931
422303%(34)  +30315%(33)  ,00150%(21)

RNO INTERCEPT - 04697
«26705% (33} =.00150%( 1) = u0156%(23)

SAN INTERCEPT
226441k (54 )

«10336
«353542(33) ~,00114%( 3)

INW INTERCEPT
«37064%(33)

SFO INTERCEPT 229140
<.00166#( 1) ~.00015%(37) .000&81#( &)

+0ul86
CH1589%(34)  LU0197*(206)

P1H INTERCEPT “6+10600
«291854(33) =.00113%( 1)  (17445«{34)

GEG INTERCEPT «14304
+26U8Ux{33) =.00207%( 1) ,u0187«( 2)

RBL INTERCEPT «14868
«26B10%(33) -.00092%( 1) -.00010%(23)

PDX INTERCEPT
«60055%(33)

OLM INTERCEPT
=.00128%( 1)

=.04583
*24960% (34}

«11055
«31b45%(34)  Lu0104x( 4}

ALW INTERCEPT
«18905%(33)

AST INTehCEPT
=.000SUx( 5)

~6.T71387

~eV023b*{ 9) ~,00017%(37)
«30128

«27452%(33) ~.u0027%(37)

SLM INTLKCERT
=.0005b*( 5)

=+ 03065
«19258*%(33) ,00243x1(25)

EUS INTerCEPT
=.U0usux( 5)

=s21063
«28075*(33) .u02364( 21

FCA INTenCEPT
0 26074x(33)

237076
+00598%(27) =,u0024%(38)

HVR INTLKRCEPT
«227374(53)

~4,14091
f0UBT4%127) = u0007%(37)

HLN INTEKCEPT
=.G0LLOx{ 1)

2451355
«00154%(21)  ,22741x(33)

»14959
«18044%(34) LuD026%t 8)

=+00735
«0U13c#(27) =,U0011%(37)

66w INTERCEPT
~e001l5x( 1)

Lws INTeRCEPT
«30349%(33)

EKO INTERCEPT «21139
+31920%(53) =.U0124%( 1). 00230%(20)
WMC INTCKCERT

sL0239n{cl)

~e23022
+29460%(33)  «11723%(34)

JFLG IinTerCEPT
=.00128%¢ 3)

+37123
«38u37%(33)  .y0538%(27)

Fig. {8,

-.0Ni48%(11)
«0N006*{38)
~+00UTEX(14)
«0N00LU%(40)
«+00007%(39)
-.00242% (32}
=<00010%(37)
«00036%(35)
+00009%(38)
+00112%( 9)
«00377*(32)
«.00018%(39)
=.00168%(13)

#00118%( 4)

=,00167*(17)
«00148%(20)
«15760%(34)
«00043%( 8)
«19701%(34)
«00023%(35)

«00080%( 6)

«00155%(12)
«00148%(20)
=.00021%(38)

=.00007%(37)

-.00053%( 7)
~.00020%(41)
«00121%(14)
«13960% (34)
- GNA71%C 1)
+00:56%(18)
+13662%(34)
=e00207%( 9}
«0N382%(29)
+U0850%(29)
«0N032%(35)
«0N013%(39)

-,00013%(37)

+00006*(39)
+00022%(36)
«00195%(11)
«00032%(16)
+00065x(16)
=+00003%(36)
=.00040%(36)
=,00068%( 5)
=.00070%{23)
«00229%(26)
«00170%( 2)
=.00017%(38)
«00107x( 2)

“.00131%( 3)

«14264%(33)
-+00225%(11)
=.00018=%(42)

«01544%(29)

+00293%(25)

«17053% (34}

«17384%(33)
“.00483%(29)
«15070%(34)

+00140%( 2)

«00210%(25)
«00170%(20)
«00157*(21)
~.0016%( 1)
«00207%(21)
200022%(36)
=.00532¢(31)
=+00063%(19)
“e00012%(37)
—«00136%(11)
«00979%(27)

«00790%(29)

«00016#(35)

«00026%( 8)

«00059%(21)

«00008*(38)

«00217%(12)

«00084%(14)

=, 00592%(29)

~.00080%( 1)

<.00017%(11)

=.00014%(35)

13777 (34)

~+02205*%(30)

«00008%(39)

«00748%(29)

«00202%(25)

=«00007%(37)

«00139%(24)

«00264%(25)

=+000132(37)

=.00012¢(38)

«00158%( 4)

=.00011%(37)

»00095%(21)

«15499%(33)

«00169%( 2)

~«00011%(38)

~.00253%(28)

including depression fields.
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“s00008%(37)

~.00142x(11)

«00110x(21)

~.00122%{14)

«00087x(22)

«00654x(39)

«00101%(20)

~.00119%( 9)

~.00097%{ 1)

-,005382(31)

«00074*( 2) =,00095+( 1)

«00007*(40)

+00133%(10)

+00228+(28) .00118#( 2) =.00105s( 1)

+00012%(42)

Final regression equations for non=stratified data
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.00044%( 6)

.00033'}16) -, 00233%(27)

=.00078%(20)

.00188%(26)

+00194%(26)

+00084%(24)  ,D0264%(25)

=.00564%(29) =+00061%( 5}

+00303%(28).

«00059%( 8)

«00388%(32) =,00315%(28)

«00089%( 7) =,00i11%(20)
100663%(29)
+00089%(23)

+00047¢( 8)

ELY  INTERCEPT 406615 . :
.138384(33)  .00035%#(35) ,15762¢(34) .00841%(30) ,00381x(27) .00096%(18) .00D33s( 8)
BFL  INTERCEPT $07772 ' ‘
+25754%(33) ~.00248%( 3) .00053%(21) .00012+( 8) .00170%{ 4) .15159%(34) =.00293x(27)
TUS  INTERCEPT .18397 ’ o :
«33405%(34)  J48874*(33) =.00157%( 3) ,00006%(35) ,00160%{17) ~,00148%(25)
LAS  INTERCEPT =4 03499
+00023%(35)  +19635%(33) =.15885%(34) .00047%(22) ,000454(26) .00090%(25) =.00005%(36)
PHX  INTERCEPT + 00662 '
+58129#(33)  .32036%(34) .001l66*(32)
YUM  INTERCEPT 00222 - i
W47068%(33)  <00027%(35) .00169%(27) 00073%(17)
SAC  INTERCEPT 3022423 ' -
~,003654( 3) ,00622%(31) ,16812%(33) ,001408(11) ,00284%(30) .00209%(21) .00222¢( 5)
SMX  INTERCEPT +05202 ’
1335294 (34) =.00103%( 5) .20319%{33) ,00141%(11) ,00111%{ 4)
BIL  INTERCEPT =450975
+260834(33) =c00074*%(19) ,U0025%(35) .00086%(20) ,097762(34) =.00052%( 4)
SLC  INTERCEPT =.08467 -
=00121%( 1) +28613%(34) +00181%{21) ,17670%(33) =,00819%(29) ,00320%(27)
BOI INTERCEPT 0474y
<.001558( 1) +21767#(33) ,28395+(34) .00177%(18) =,00393%(32) ~,00243%(17) ~.00013%(36)
BNO  INTERCEPT -.05068 .
=,00154%( 3) +19906%(33) .20866%(34) -.02099%(29) ,00051#(36) .00125%(12) +00115(16)
GTF  INTERCEPT =1.96049 ‘ T
«19283%(33)  .21394%(34) =.00040%(19) .00283#%(27) .00088%(20) ,00151%( 2) =.00160%( 1)
MSO  INTERCEPT -.09989 '
+23685%(33)  .00026%( 1) 00187%( 2) .13143%(34) ,00026%(35} =,00211%( 3) - .00133%(15)
PDT  INTERCEPT 3417146
404725 (33)  <28453+(34) -.00075+(13) -.000774(20) =,001242(26)
EKA  INTERCEPT +15492 .
~+00353%( 3) +00248%(11) +00192+( &) +17041%(33)
MFR  INTERCEPT ~7.39576
=.00141%( 3) .28004%{38) .20474%(33) ,00175%(20) ,00202s({21) =-,00152%(14) .00106%{11)
SEA  INTERCEPT .08867 ’ '
+39664%(33)  .23825%(34) ~.00102%(13) .00204%(12) =,00096%( 1)
FAT  INTERCEPT -.03295 '
233708x(33) =.00063%( 1) .00133%(21) .12963%(34) =.00129%(25} ,00253%(28)
LAX  INTERCEPT =-2,12165
+22322%(33)  413586%(34) =, tn . 2%(20) 2x( 2)
MLF  INTERCEPT «08004 < :
«24003%(33) «,00078%( 1) .00327%(27) ,00018%(35) ,00099%(21) ,00059%( 4) +L1u543x(34)
RNO  INTERCEPT =2.94712 .
+29259x(33)  +00052#(35) +16488%(3%) .00173%(27) ~,00015%(36) ,00027*{24) .00102«(26)
SAN  INTERCEPT =.07137
+56125%(33)  .00123#(22) .00046%(35) 01187#(30) =,00367#(28) =,00136%(25)
INW  INTERCEPT ~.00077
«27716%(33)  119840%(34) «,00646%(29) =,00411%(31) «,00093%({13)
SFO  INTERCEPT =+09606 : -
=,00346%¢ 3) .00153#(11) =.01383%(29) .00037%( 6) ,16399%(34) ,00235%(21) 00154%( 5)
PIH  INTERCEPT +15908 . ;
$00072%( 1) .00232%(13) 17778+(34) ,15169¢(33) ~,00528%( 3) ,00227*( 5) ~.00587%(30)
GEG  INTERCEPT +09294 [ .
+33901%(33) .32186%(34) .00422%(27) =.00116%(11)
RBL  INTERCEPT -.07318 . ' s :
=.00139%( 1) .00191%( 9) ,17057%(33) ,00095%(24) ,00051x( 8) ,00110%(22)
PDX  INTERCEPT . 12057
J419584(33)  36044%(34) +00641%(29)
OLM  INTERCEPT «12164 L -
=.00216%( 1) +30905%(33) .00523%(27) +00108%( 2) =,00154%(16) ~,00276%(26) =.00124%(28)
ALW  INTERCEPT -, 04986 o
«20678%{33)  .18936%(34) =.00018+(35) .00191%(15) .01131%(30) =.00024%(36) 00193#(13)
©AST  INTERCEPT *22563 ’
=.00269%( 3} ,00170%( 4) 19175%(33) ,00085%( 9) ,00319%(30)
SLM  INVERCEPT ~.05054 o
=e00070%( 3) 21857%(33) .00207*%( &) =,00161%(15) ,24473x(34) =,00188%( 1)
EUG  INTERCEPT -113475 . ,
=.00168%( 3) ,30335+(33) .U0235%(25) .0N1B9%( 4) =,00284%(26) ,00957%(29) ~=.00106x{15)
FCA  INTERCEPT 4.60621 . LA )
£00537%(27)  L149B1%(34) .U0491%(28) .00095%( 8) ,00138%{10)} =,00374%( 1) =,00022%(35)
HVR  INTERCEPT 112368 : : ' .
+23043%(33)  +00034%(35) —.u0029*(36) =.0N188+(11) ,00143%(12) .10824%(34) +00136%(18)
HLN  INTERCEPT ~.01813
+230504(33)  .00025%(35) =,000154(36) ,00160%(21) .00087%(22} ,00230%( 2) =.00195#( 1)
GGw  INTERCEPT 2,38812 . : '
+ 334843 (33) =.00161%( 9) ~.01254%(29) .13446%(34) ,00164#{13) .00597%(30) =.00062%(19}
LWS  INTERCEPT ~7.72752 ' S :
+28904%(33)  +20056%(34) .u09L4%(29) .00189%(19) =,00355%(32) ~,00081%( 3)
EKO  INTERCEPT ~.06564 e ;
=.00138%( 3) .26512%(34) .u0522%(27) 23979%(33) ,001824(26) ,00104%( 4)
WMC  INTERCEPT +00658
=¢00110+( 3) ~.00581%(31) .20512#(33) ,00171(21)
s
FLG “INTERCEPT +19389
=~ 00147%( 5)  ,00045%( 8) .23415%(34) ,0N112%(14) ,00323%(27)
: "-. .
Figure 19. Flinal Regression Equations for.Type I,

+00072% (20}

«00219%( 2)



ELY INTERCEPT =+13746
«00024%(35) ~«00184%(11) ~,00233%(25)

BFL  INTERCEPT =.01780
«00028%(35) +00013%(36) ,00030%(16)

TUs INTERCEPT «10927
=«00112%( 3) +00U96%( 9) .30962%(34)

PHX INTERCEPT ~4,68834
«00085%(22) =+00033%(35) .0007ux( 3)
YUM INTERCEPT 19186

+00218%(26) =.00161%( 3) .00096x( 4)

SaC INTERCEPT «04879
~.00707#{31) ~+00035*%{ 6) .00043x(13)

SMX INTERCEPT ~.00874
«00015%(35) =+00405%(25) =.00145%(17)

BIL INTERCEPT 3,25416
=.00075%(23) «00162%( 1) =,00075%(19}

SLC  INTERCEPT ~.15068
,00242%(21) =v00347%(17) ~,00136%(31)

Bol INTERCEPT »08032
<00429%(13) =,00151%(22) .00119%(14),

BNO INTERCEPT ~+09465
.00101%(21)  +00220%(11) =,00098%(10)

GTF INTERCEPT =.15252
=.00038%(23) ~.03105*(32) =-.00187x(26)

MSO INTERCEPT ~ 48753
«00124%(21) =.00114%(11) .23224%(33)

PDT INTERCEPT 3.99962
=.00209%( 1) .00234*(12) .00038%(36)

EKA INTERCEPT 5.02237
=,00501%(31) =.00278%(19) .00161%(20}

MFR INTERCEPT -. 04398
+00120%(21) =.00034*(36) =.00036%(35)

SEA  INTERCEPT -4.12261
-.00187#(17} .00101%(19) .00172x(16)

FAT INTERCEPT -.05520
+005674(29) .00153%(22) =.00198%(25)

LAX  INTEKRCEPT Z.04049
-.00108+( 1) =.00015%{36) —.u0442%(25)

MLF INTERCEPT =+31564
+00289%(21)  <00166%(22) =,00180%(30)

SAN INTERCEPT «06903
-+00101%{ 1) =.00100%(17) =.00380%( 9)
INW INTERCEPT 1.04277
«00093%(21)  .00190%(25) =-.00223%(17)
SFO INTERCEPT +10149 .
=-.00802%(31) ,00179%{32) ,00229%¢(28)
PIH INTERCEPT =6420839
=.00022%(35) +00L126%(16) =.;0812%(27)
GEG  INTERCEPT «32361

«00163%(L1) =.00040*(36) ~,00370%(10)

PDX INTERCEPT 3.87294
200027#(13)  ,12450%(34) .00122%(21)

OLM INTERCEPT =B.235149
=.00030%( 1) .00055%(31) .(0111%(21)

ALW INTERCEPT =+31079
W01747%(27)  .00079%(13) =-.00858%(30)

AST INTERCEPT +18703
~,00370%( 1) .00304%( 2) 00595%(28)

SLM INTERCEPT ~112094
~,00185+( 1) ~.00368*(30) ~.00182%(14)

EUG INTERCEPT 17776
=.00021%( 7) =.00171#{17) =-.00L66%(25)

FCA  INTERCEPT V71979
«00510%(31)  .00186%(24) ~.,00338*(21)

HVR INTERCEPT =+ 03040
«00109%(13)  +pU319%(27) .00018%(35)

HLN  INTCRCEPT .41980
<00484x( 9)  <00196%(10) .00202%(16)

GGW INTERCEPT =19.8u267
«00161%(1S) =.00197%( 3} ,00271=(17)

LwS INTeRCEPTY -.20678
= 00445%(£6)  .00409%(21) +u0083%¢ 7)

EKO INTERCEPT = 07044
-.00363%(31) .00789%(29) +yu0145%(21)

WMC  INTERCEPT -23.07433
-.000u24x(21)  +01191%(29) =.y0130%(11)

FLG INTERCEPT +17355
=eU0L04x( 1) ~o0u525%(27) .00107*( &)

~.00025%(36)
-.00072%(17)
~es00268%(10)
" 00112%(20)
+00099% (22)
=.00074%(15)
+00135%(18)
-.00159%(24)
-.00119%(22)
-.00411%(23)
-.12638%(33)
+00021%(36)
-.00267%(18)
L00152%¢ 2)
.00050%(28)
+00130%(11)
«00204% (127
.00027%(21)
£00114%( 9)
-.00396%(29)
L00183%(10}
.00175%(16)
-.00067T*(17)
-.00086%(15)
-.00218%(22)
+00332%(12)
+00194%(19)
2 00149%(22)
«00161%(14)
-.00282%(17)
-.00018%(35)
-.00033%(36)
«00017%(36)
00444* (27)
-.0N654% (32)
«0N470%(30)
-, 00006% (35)
-.00820%( 5}

= (02345 (12)

+00080*( 3)

=+00061%(25)

«00874%(29)

=.00153%( S)

.00081%(11)
.00078%(32)
£07514% (34)
-.00344%(28)
.00080%¢ 6)
.00161%(21)
-.00766% (29)
.00235% (24)
00044%(36)
112502%(33)
~.00035%(35)
-.00100%(10)
+00130%(21)
-.00073%( 1)
.00075%(22)
-.00028%(36)
.00184%(12)
~.00156%( #)
~.00088%(21)
-.00325%(18)
00493 (31)
.00761%(29)
.00150%(22)
.00151%(21)
00437%(27)
+00023%(36)
~.00146%( 1)
19441x(33)
-.00903%(29)
.18187%(33)
+00040%(36)
«00214%(17)
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Fig. 20, Final regression equations for Type 2.
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ELY INTERCEPT
=.00150%( 1)

2422419
+00126*( 9) =4 00053%(19)

BFL INTERCEPT ~+00004

=+00135%( 5) .00186%( 9) .00293%(25)

TUS INTERCEPT 219398
=400279%¢( 1) +0002e%{ B) ,27157*(3%)

LAS INTERCEPT 3.98300
=+00253%( 1) «17055%{33)  .00S81*(31)

PHX  INTERCEPT
+00474%(31)

YUM INTERCEPT
~.00041%( 1)

SAC INTERCEPT
s 00324%( 1)

SMX INTERCEPT
~,00018%( 5)

BIL INTERCEPT 2025429
=+00107%(19) =~v00135%(24) =,00152+( 1)

sLc INTERCEPT
=.00876%(29)

Bol INTERCEPT
+00045%(35)

BNO INTERCEPT
=+ 00%26%{ 3)

GTF INTERCEPT 2.90321
~+01348%(29) =.00186%( 9) =.00069*(19)

MSO INTERCEPT =. 72807
=+00458%( 3) ~.02561%{29) +20891%(33)

POT INTERCEPT «03527
«00US9%( 1)  <00428%( 4) u0150%(17)

EKA INTERCEPT =e32285
=+00162%{ 7) «.00185%( 2) =,u0424%(17)

MFR  INTERCEPT “e66107
=,00572%( 1) 00285%( 2) ,y0503%(25)

SEA INTERCEPT ~e23060
+00560%('3) «00232%(21) =,01894%(29)

FAT INTERCEPT
=.00036%( 7)
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+22885%(33) =.00334%(32)

+09103
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+00452
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MLF INTERCEPT 2019
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RNO  INTERCEPT
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SAN  INTERCEPT
~+00157*( 3)

INw INTERCEPT «02336
«28800#(34) =.002274( 1) =.U01964(25)

SFO INTERCEPT
=:00412x(:1) +00408%( 9) .u0251*( 2)

PIH INTERCEPT 04372
«00087%(35) ~.01277%(29) 4U1632%(30)

GEG INTERCEPT -h e 44689
«00362%(21) =+00494%(25) .y01354(22)

RBL INTERCEPT ~e01163
=e00217%( 3) =.00160%( 2) .00337%(23)

POX INTERCEPT =7.92735
200320%(21) ~.00162%( 1) .00495%( 2)
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«00139%(31)

ALwW INTERCEPT
~.00181%¢( 1)
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Fig. 21,
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Final regression equations for Type 3.
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TUS INTERCEPT 1.19157
=+00032%(35) +00214%(22) =.00072%( 1)

SAC INTERCEPT +18502
«22777%(33) =+00459%(27) =¢00073%( 3)

BIL INTERCEPT =.13242
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BO1 INTERCEPT =+ 4996
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MSO  INTERCEPT ~.26181
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EKA INTERCEPT +10911
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SEA INTERCEPT =.79895
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Fig. 22. Final regression equations for Type 4,
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ELY INTERCEPT 093564
«000Y22(35) =+00092%( 1) =,02109%(29}

BFL  INTERCEPT T—i22379
=.00615%( 1) =.0u277%( 6) ,L0295+(11)

TUS  INTERCEPT sa02912
~.00051e(35)  +00220%(21)  ,y0240%(26)

LAS  INIEKCEPT “4.95028
L00UBUXLSL)  +00433%#( 9) =.u0292%(26)

PHX  INTERCEPT «32470
2U0035+( 9) =-.00308%(10) .u0286%(21)

Yud  INTERCERT " .20538
~+13234%(33) +UD31U*(25) L90209+( S)

SAC  INTEWCEPT Te07772

= 01004%( 3}  +0U3L0*(26} =.00061%(17)
SMX  INTERCEPT ~7.15086
=e00068%(1 1) ~.0U44yu*(25) =,00177*(1LT)
BIL  INTEKCEPT -5,61433
“.00365+(11)  +UU7I*(21)  L00059*( 1)

SLC  INTEKCEPT 41593
=,00476%( 5) =~.00502%(17) LO43B*(11)

BOI  INTLRCEPT 21745
JU0LE#(25)  +00337#012) Lu0617x(18)

BNO  INTERCEPT V40967
J01U71#(11)  «00324%(21) ,u0091%(22)

GTF  INTEKCEPT " “=i84923
.00559%(21)  +00543#(22) =,u0035%(35)

LE INTEKCEPT ~e 79484
«00651%{21)  +00L3S#(25) .00542#(12)

PUT  INTERCEPT -4.51005
~.00675%(21) =.00111%(35) .00663#(31)

£kA  INFERCEPT O " o1s1e
~.00285%( 5) -.00231%(10) .uDU33*(36)

MFR  INTeRCEPT -+ Eidese3
~.00327+( 3] .00524%(23) =,u0l64#( 9)
SEA  INTERCEPT L3406
+00280%(15) =.0L831#(20) =,00112%(35)
FAT 'INTERCEPT 10434008
=+002724( 1) =200273%( &) =.00318+(17)

LAX  INTERCEPT 144l

20014950 1) +004S5E(21)  +00645K(26)
MLF ° INTEKCEPY 8.53132 i
~.006075( 3) <0U3BE*(12) =,00617*(18)

RNO  INTERCEPT =~ " =.28h14
~.00002+(19)  +00037+(35) +00009*( B)
SAN  INTERCEPT - “9,18493
~.006845( 1) =+00025%( 7) ~,00354%(18)
INW CINTeRCEPT ' 6492331
«01113%(29) =+00270%(31) +00220%(13)
SFO  INTERCEPT =7.94561

«00200%(19) +02121%(12) ~.00350%{ 3)

PIH  INTERCEPT +03413
~+00650%( 3) -.00401%(18) =+002964(17)

6EG - INTERCEPT 66930
~.00379%(31) +00146%(18) +UD026x(36)

RBL  INTERCEPT 2.47i28
~.00055%(19)  .00U34*(35) .00417*(18)

POX INTERCEPT 1418532
~,025504(27)  +00334%( 9) =-,00425%(22)
oM INTERCEST 65836
-.00120%( 7)  +00338%(23) -,00476%(22)

ALW  INTERCEPT " 435940 .
200084 #(27) =213971%(34) .00696*(25)
©AST  INTERCEPT ©5.01137
-.00162%(13) ~40U136%(21) =.00106%( 3)
SLM | INTERCEPT - 38133
=.00078%( 7)  +00440%(11) -.00173:(13)
EUG  INTEWCEPT 232043
SU0755%( 9)-~.00207%( 5)  .G0S70%( 1)
FCA  INTERCEPT " e9v128

=o00197%(23)  +00Z5L*( 7) -.U0031%(36)

HVR INTERCEFT 44931
+00155%(35) ~=.0u356*(15) .u2845%(29)

HLN INTEKCEPT «33189
=e003712{cl) =+00134%(11) =,01275x(29)

G6W  INTERCEPT " =e9e2t
=~ 003948011)  <0ULBTH(22) .Uﬂébék(al)

LWS INTehCEPT “e 00849
SU24U7#(29)  +00235%(18)  .u0430x(24)

EKO  INTLHCEPT ~2t 480081
+001224(19) 206509+ (20) =.00866%(28)

WM THIERCEPT ~e71285
«002d7%{cl)  «QUGUT*(35) ~.uD633%(27)

FLG INTenCEPT 13.3u98L
=00944%( 1) =s00567%(13) +v0209%(22)

»00019%(36)

«00380#%(25)

-.00215%(18)

«00119%(19)
.00376%(26)
«02413%(29)
+00007+(36)
$(2372%(29)
«00275%(22)
.00175.(1;)
-, 00584%(24)
2 00648%*(26)

«00556%(18)

SO04UTE(2Y4)

- 00421%(25)

«00096%( 6)
.00085%( 2)
~.00233%(23)
«00340%{15)
- 00372%(22)
00443 (21)
~2 00696%{ 3)
«00946*(26)
«00247%(15)

+00403%( 9)

+00251%(11)
=2 00044%(35)
~.02226%(27)

‘.00419;(10)

.00217;( 2)
-.nosie*(ze)
-.00882%(32)
~.00285%(26)

L0N265%(12)
=2 00344%(12)
=.UN066*(36)
-.00180% (22)
-, 60420 (16)
=, 00448%( 9)
- 0NY402%( 9)

+0N155%(22)

~sUN318%(20)

«00007%(¢ 2)

«20641%(33)

«00148%( 2)

«11638x(33)

~.25557%(34)

+00305x(22)
«00396%( 4)
+02125%(30)

«00102%{18)

«00409%( 6)

~.00241%(15)

+00499%(17)

+00060%(36)

-.02288%(29)

«00820%(17}
«00304x(26)
«00362%(11)
+00655% (26}

+00234x(24)

=.00957%(32)

+D0595%(31)

«00850%{ 4)

~.00394x{ 9)

~«00124%(16)

~.00262%(10}

«00242%(25)

=.00370%(22)

~.00510%(32)

¥
«00734%{28)

~.00045%(36)

=+0012B%(21)

«00149%{17)

«00106%( &)

~.00471%(30)
~.00153%( 8)

=.00266%(22)

«00319%(23)

+00352%(15)

=.00448%(10)

+00562%( 2)

=.00591%{17)

«00484x{ 4)

«U0182%(22)

«0Q27ux{ 3)

~+00059%(23)

«00131%(23)

~e00411%( 3)

=+ 00234%(17)
;.52151t(3“)
+00177%(19)
loO&l“ét( &)
2 00064%(36)
=+00115%(21)
+00255%( 8)
;.008301(29)
«26807*(34)
-+00504%{23)

~.00714%(29)

~e00053%(36)

=«00104%( 7)

I

+00607%(28)
+01460%(29)
-.2ug79;(35)
=, 00653%(17)
+00717%(27)
-.ozseu:(gé)
.00083%( 5)
+00993%(28)
~.00790%(15)
$00174%( 3)
-.oouas;( 7
«00224% (12}
-.ouuae;(1s)

~+«00195%(10)

+00227%{14)

+00178%(25)
+00498%(17)
+00369%{17)
~+00599% (10}
+00311%( S5)
--09335‘(;5)
«00854%( 1)

+00484%(25)

«00269%(16)
«00122%(23)

~s00041%(10)

~.00129%( &)
.-00621#(30)
+00659%( 1)
-OOSIG‘(Z“)
=.00106%(23)
~e20006%(34)
;.nusan:(xo)
=+00683%(31)
«0195B%(32)
+00185%( 6)
=.00794%x(28)
-10633:(3“)
-,01755#(30)
~e00314x(10)
+00027%(35)
=.003122( 3)
+00414x¢ 9)
«00478%( 2}
~+17689%(34)

t
~.00164x(20)

+00269%(17)

«00423%(10)
«0074B%(28)
--00194:; 6)
~.00272%(13)
-00126*(15)
~e00079%435)
~«00097%(20)

«00042%( 8)

«00174%(18)
+00589%(32)
=.00268%x(16)
+00491x(12)
=.00108x( 8)
«00051%(35)
-,00188%(14)

«00020%(35)

Fige 23. Final regression equations for Type 5.

~60-

+00256%( 9)

=+00296%(20)

+00105%( 2)
=.09518%(34)
+00117%(10)
«00182*(13)
+00127%(20)
~e00307%{ &)
=-+00420%(29)
+00035%(36)
-.01536;;28)
=¢00298%( 3)

=+00024%1{36)

«00337%(17)
=.00179%(22)

=400243%(19)

«1+00200%(20)
~s00483(28)
=.00196%(12)
+00390%(24)
+00193%(21)
«00377*( 4)
-00596;(32)
«00162%( 7}
-004“53(305
~+00597%{32)
+00192%( 1)
«00160%(23)

+08863%(34)

+00473%(26)
-.00559%(31)
+00215% (15)
100419%( 2)
~+00257%( 2)
=+ 00866+(30)
~¢00062%(36)

»00094%(24)

«00479%(23) ~.00163+(20}

«N0148*(16)

«00046%( 6}

=.00048%(35)

=.002184( 9)
-+127854(33)
~.17558%(33)

+00309%(14)
~200126%(14)
-{00561;(32)

~.01857+(29)

«01157%(27)
=.00515+( 1)

-00375%(26)

«00334%( &)
«00324%(18)

=.00204%(19)

+00738%(28)

~.00211%(16)
+00291%( 9)
£ 004595 (16)

+00616%(28)

=.00376%(23)
=.00259% (14}
=.00034%{36)

«00437%(27)

«00150%(17)

+00286%( 9}

«00191*( 5

=.00192%( 3)
«00030*(36)
+00145%( 8)

=.01790%(29)

+00460%(29)

+00603%(27)

+00174%( 9}

+00208%(13)

00147 (14)

~.00276%(12)

«400212#(17)

s00211%( 9}

«00130%(20?

400316 (12)

«00193%( 2)

«00031%(35)

~4008146%(29)
;

~+00321#(22)

.001;3;(25)
.nozuo;( 5)
~+01013%(30)
-400168%¢ 1)

»00948%(30)

+00213(14)
«002538017)

=+00301%{11)

=+ 00255*{30)

=+00349%(11)

«+00138%(23)

+00031%(35}
=e00239%(15)
~s 003508 ( 4}

=.00136%( 2}



ELY INTERCEPT =15.,03589
=.00170%(13) =.00347*(15) =,00187%{(26)

BFL  INTERCEPT = 14847
JU0329x(el) —.U03050%(23) .ud1b2x( 9)
TUS  LinTenCEPT 3.30867
~a00292 (17) =400228%(25) +uU216%(20)
LAS  LWTURCEPY -.05113
J00UL0w(35)  .00i22%(21) =,001b3%(17)
PHX  INTenCEPT 3.51742
+32896%(34)  L0Ub62%( 9) =.u0159#(27)
YuM  LNTERCEPT 6464707
~.00859%{27) =«0ULBT*( 1) =,u0341x(25)
SAC  INTLRCEPT T+41488
~.00179%419) =+00120%(23) .u01ly3%(16)
SMX  INTLRCEPT 402933
J00U40x(LD) = 0UBT0%(L7)  .50187%(27)
BIL LNTERCEPT 4450421
=~ 0042Ux(25) =.0U216%(19) ,u0214%(20)
SLC  INTEKRCEPT =+ 03080

2U0203%(23) ~+UULBLX(15) . u0413%{lp)

B0l INTCRCEPT =14.24993
«00729%(21) =e00367%(22) =.u0725x (1)

BNO  INTLRCEPT 214489
00U0Lx( 3)  L00275%(17) =.u0lBox(22)

6TF INTERCERPT 3444017
= U0U71%(19)  «0ULLS*{ 1) ,00032+(35)

MSO INTesCEPT 203298
«00281%(15)  .00098% (13} 0227130

POT INTeRCEPT « 00927
~.00127%( 3) 200180%(17) .u0209x{ 4)

ERA INTERCERT = 04264
200367%(11)  .00U22%(35) =, y0528%(18)

MFR INTERCEPT =5.23230
~e00U3T*(35) =s00134%(51) =.u0152%(25)

SEA INTERCEPT “e74163
+00303%( 3) -.UU155%(13) =.00254%(17)

FAT INTERCEPT eloily
= 00447%(25)  <00034%{28) +u0021+(36)

LAX  INTERCEPT 21342
~.U0L50%( 3) .00548%( 2) ,u0152%( &)

MLF  INThCERT 17450026
-.00160%(21)  +00292%( 9) .00377%(22)
RNQ INTERCEPT «lu410
,002305(25) =+00l20%( 72  LU0071%( 6)
SAN  INTEKCEPT 19734
“00200%( 5)  2UDL254(35) =.L0457%(17)
ING  LNTERCEPT “8.33504 )
-.00195%( 1)  .0LU28%(27) =.G01704( &)
SFO  INTERCEPT 3ub28

=.00200%(15) =.0Uzb2*(24) =.y0ly5%(12)

PiH INTEKCEPT =7+05955
=.00489%( 9)  .0UL19u*(21) =.u0606%(26)

GL6 INTLRCEPT 17059
=.00016%(£5) =.g0206%(11) =.00078%(35)

Risk INTLRCEPT 407132
SU0128%( 9) = 00L0BUX(36) +J0045%(3b)

PDX IWTERCEPT 35+ 80633
G00l6x( D) «U2:90%(29) =.u08uB*(30)

OLM  INTERCEPT +34381
=a00275x( 1) =.00055%(36) =.(2493%(27)
ALW  INTEKCEPT -.07723
$0U058K (35) =aUDe98*(17) 30014 (36)
AST  Li1eRCEPT S 0448
=oU0LIb*{ 1) «0J135%( 4) ,u0345%( 9)
SLM  INTERCEPT 124266
-.00680x( 1)  L0U325%( 2)  Lu04TTH( 4)
EUG | INTERCEPT -.29428
= 0024040 1) .UURHLR(2])  L23653(33)
FCA  INTukCEPT =.00e23
sUUE3L*(£1) =oQuzBo*( 1) =.u0039%{35)
HVR  INTERCEPT 52439
“.UBULEX(I5) =e0U232%(11)  JuL022*(36)
HLN  INTERCEPT 11.44676
S00U374(11) =.uu276%119) .02107%(29)
GG INTERCEPT 9430381
=.00291%(11)  .00222+(19) —.LD281%(20)
LWS  INTERCERT ~5,27169
=e00159%( 1} =.00y68*(35) T.u0137*( 9)
EKO  INTEKCEPT 9450646

=2 UST704*(£7) ~.00221%(19) +u0l64*( &)

WMC  INTERCEPT -. 04278
$00279%( ) JUlo4l*(29) ~.u0194%(10)

FLG  INTLRCEPT ~2165063
=.U038H*{ 3)  <00295%( 2) -.u0260%(13)

«00026%(36)
+00019%(35)
~u0325%( 9)
=.00399%(11)
=100237%(24)
=.00418%( 9)
«00036%(35)
=.00170%(13)
=.29498% (34)
= (0BT6%(18)
«00334%(19)
«00304%(18)
«0D025%(36)
0n227%(12)
»00463%(13)
~+00507%(10)
~oUD275%( 1)
- 0N373%(26)
~a00133%(27)
=+01651%(30)
=.00887%(10)
= 19464%(33)
S00403%(18)
~+00435%(17)
~+s0N108%( 9)
=.0n211*(14)
- 0N043%(36)
»0N358%(25)
«00314%( )
=+ 00399%(32)
=eCO4E2*( 9)
~.00257*(17)
=«00316%(17)
«00196%(13)
002225 ( &)
=+(0230%( 2)
JONLST*( &)
=.0N289%(25)
=e00239#%(17)
«07730%(30)
=e(0D114%(15)

~.0N138*(18)

=.01357%(30)

£ 03298%(25)

~.00334%(18)

+19560%{33)

200114%{17)

~.00417%(26)

«00196%(28)

200116%( 2)

-,00330%(22)

“.29448%(34)

=.00632x( 3)

=.00558%(31)

=.00668x%(10)

“.00111%( §)

«00696%( 9)

~.00102%(15)

~400277%(17)

«06788% (30}

«01181%(29)

=.00293%(17)

~.00951%{25)

=~ 00474%{26)

=.00274%{12)

=,00658%(31)

«00185%(16)

+00158%1{22)

+00867%{28)

=, 00044* (1)

+00018%(26)

«00378%( 2)

«00427%(12)

«00169%(21)

.00252%(22)

.00301%(22)

+00926%(30)

-+00191%{21)

«00344%( 9)

«00248%(13)

=.00217%(18)

=.00814%(25)

«02335%(30)

00u79%( 7)

+00138%(10) .00252%(18)
—.00501*}31) =-.00144%(22)
«01537%(28) —.01223%(32)
-+00148%(25) ~.10508%(34)
«00241%(22) =,00271%( 2)
«00188%(13) =.0016%4(20)
~.00166%{24) =.13849%(33)
«00240%(26) ~.00347%(25)
«00352#(28)  .00l65%{ S)
~+00380%(26) .01185«(30)
+00159%( 6) .01512%(29)
~.00403%(26) +02567%(30)
<00594%(32) =.00325%(31)
=.01199%(29) .00350%(25)
+U0595%(31) -.00060%(35}
«00188%(17) .,00207=(26)
-.00172%(11) =.00982%(30)
-.00159%(32) 00044%(35)
«00357*(- 9) .00170%(18)
«00139%(14) =.00146x(21)
~.00589%(31) =.00434%(19)
.«00105%(16) «00207%(23)
«00121%( 4) =,00921%(29)
#00331%(22) .00235x(10)
~.00151*%( 5) .00059%( 6)
+00162%(20) .00594x{28)
=.01453%(30) -.00093*( 1)
«00200%(26) =.00097%(19)
«16901%(34) =.00876%(19)
+00331% (14} =.00259%(12)
~.00401*(15) +00295%(16)
«00281%{ 2) .00023%(36)
=-.00111%( 8) .003uB%(23)
«00224%( 2) .00615%(28)
«00168%(22) =.23854%(33)
=.00611%(27) =.00202%(12)
«00308*{17) +00052#(36)
100032*%(35) +00116%(17)
+00354%( 2) =.00213%(15)
-.00179%(12) .01114x(29)
«00396%(22) .00488x1(32)

«35371%(34) =.00844%( 5)

Fig. 24. Final regression equations for Type 6,
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+00357%(19)
-+ 00213%(24)
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Correlation coefficients for Salt Lake City andr Phoenix.

Fig. 25.
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LOS AMGELES

Correlation coefficients for Los Angeles and Astoria.

Fig. 26.



Fig. 27.

Pred1ctors in final regression equations for Astoria (a),
Los -Angeles (b), Salt Lake City (c) and Phoenix (d).

X - station Tocation. - H-- height.

+ - predijctor location. aID - tehdency.

W - vertical velocity.

Wr - vertical velocity due to therma] advection.

P.P. - past precipitation over the previous 12 hours.

The numbers in parentheses indicate the best predictor chosen
in the preliminary analysis (1) or the second best (2).

The single numbers indicate the order in which the predictors
appear in the final regression equations.
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Western Region Technical Memoranda: (Continued)

No. 45/2 Precipitation Probabilities in the Western Region Associated with Spring 500-mb Map

No. 45/3
No. 45/4
No. 46
No. 47
. No. 48
No. 49
° No., 50
e No. 51
No. 52
No. 53
No. 54
No. 55
No. 56
No. 57
No. 58
i No. 59
|
No. 60
No. 61
. © No. 62
, No. 63
No. 64
No. 65
No. 66
; No. 67
‘ No. 68
| . No. 69
Ne. 70
No. 71
! No. 72
No. 73
No. 74
No. 75
No. 76
No. 77
No. 78
No. 79
: Ne. 80
; No. 81
i No. 82
: No. 83
/ No. 84
Ne. 85
No. 86
No. 87
No. 88

Types. Richard P. Augulis. January 1970. (PB-189434)

Precipitation Probabiiities in the Western Region Assocciated with Summer 500-mb Map
Types. Richard P. Augulis. January 1970. (PB-189414)

Precipitation Probabilities in the Western Region Associated with Fall 500-mb Map Types.
Richard P. Augulis. January 1970. (PB-{89435)

Applications of the Net Radiometer to Short-Range Fog and Stratus Forecasting at Eugene,
Oregon. L. Yee and E, Bates. December 1969. (PB-190476)

Statistical Analysis ‘as a Flood Routing Tool. Robert J. C. Burnash.  December 1969.
(PB-188744)

Tsunami. Richard A. Augulis. February [970. (PB-190157)

Predicting Precipitation Type. Robert J. C. Burnash and Floyd E. Hug. March 197Q.
(PB-190962)

Statistical Report of Aeroallergens (Pollens and Molds) Fort Huachuca, Arizona [969.
Wayne S. Johnson. April 1970. (PB-191743)

Western Region Sea State and Surf Forecaster's Manual. Gordon C. Shields and Gerald B.
Burdwell. July 1970. (PB-193102)

Sacramento Weather Radar Climatology. R. G. Pappas and C. M. Veliquette. July 1970.
(PB-193347) : C

Experimental Alr Quality Forecasts in the Sacramento Valley. Norman S. Benes. August
1970. (PB-194128)

A Refinement of the Vorticity Field to Delineate Areas of Significant Precipitation.
Barry B. Aronovitch. August 1970.

Application of the $SARR Model to a Basin Without Discharge Record. Vail Schermerhorn
and Donald W. Kueh!. August 1970. (PB-194394). T
Areal Coverage of Precipitation in Northwestern Utah. Philip Willlams, Jr., and Werner
J. Heck. September 1970. (PB-194389)

Preliminary Report on Agricultural Field Burning vs. Atmospheric Visibillity in the
Willamette Valley of Oregon. Earl M. Bates and David 0. Chilcote. September.l97Q.
(PB-194710) .

Alr Pollution by Jet Aircraft at Seattle~Tacoma Alrport.- Wallace R. Donaldson. October
1970. (COM-71-00017) '
Application of P.E. Model Forecast Parameters to local-Area Forecasting. Leonard W.
Snellman. October 1970. (COM-71-00016) ’

NOAA Technical Memoranda NWS

An Aid for Forecasting the Minimum Temperature at Medford, Oregon. Arthur W. Fritz,

October 1970. (COM-7(-00120)

Relationship of Wind Velocity and Stability to SO

Werner J. Heck, January 1971, (COM=71-00232)

Forecasting the Catalina Eddy. Arthur L. Eichelberger, February 1971. (COM-7[-00223)

700-mb Warm Air Advection as a Forecasting Too! for Montana and Northern [daho. Norris E.

Woerner, February 1971, (COM-7[-00349)

Wind and Weather Regimes at Great Falls, Montana. Warren B. Price, March 1971.

Climate of Sacramento, California. Wilbur E. Figgins, June 1971. (COM-71-00764}

A Preliminary Report on Correlation of ARTCC Radar Echoes and Precipitation. Wilbur K.

Hall, June 1971. (COM-71-00829)

Precipitation Detection Probabilities by Los Angeles ARTC Radars. Dennis E. Ronne, July

1971, (COM-71-00925)

A Survey of Marine Weather Requirements. Herbert P. Benner, July I1971. (COM-71-00889)

National Weather Service Support to Soaring Activities. Ellis Burton, August 197!.

(COM-71-00936)

Predicting Inversion Depths and Temperature influences in the Helena Valley. David E.

Olsen, October 197f. (COM=-7{-01037)

Western Region Synoptic Analysis-Problems and Methods. Philip Williams, Jr., February

1972,  (COM-72-10433)
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