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AN OPERATIONAL EVALUATION OF 500-MB TYPE STRATIFIED 
REGRESSION EQUATIONS 

ABSTRACT 

A test of the operational utility of the 500-mb type stratified regression 
equations developed by Paegle and Kierulff [I] is presented. It is found 
that in development of the equations, there were three major data discre­
pancies. These discrepancies, which qualitatively do not affect Paegle's 
and Kierulff's results or detract from their conclusions, do have a bearing 
on the operational usabi I ity of the equations-~they are: (I) the threshold 
value of precipitation actually used was .02 inches rather than .01 inches, 
(2) the precipitation data valid period was 12 hours earlier than had been 
thought, and (3) the 700-mb and 500-mb dew-point depression fields used in 
screening were erroneous. A two-year test on independent data (December 
68 - February 69, December 69- February 70) is presented which indicates 
the regression equations improve on climatology by about 7%. The results 
are found not to compare favorably with NMC and WSFO PoP verifications for 
the winter of 69- 70. It is concluded that the Paegle and Kierulff [I] 
type stratified regression equations are not suitable for operational use. 

I. INTRODUCTION 

In recent years interest has developed in objective forecasts of precipi­
tation probabi I ities using the computer. For example, Klein [2] out! ined 
the development of regression equations to predict probabi I ities of preci­
pitation (PoPs) at 108 stations over the United States. Using predictors 
such as geopotential heights, dew points, and past precipitation, plus 
making the "perfect progn assumption (i ,e., that the numerical forecasts 
have no systematic errors) allowed PoP forecasts for future times for 
which numerical forecasts were avai !able. 

In a different approach, Augul is [3] classified 500-mb maps over the 
western United States into a series of map types and compiled the observed 
frequency of precipitation at western stations for each type. Using the 
computer to assess which of the 500-mb map types correlates most highly 
with a current or forecast height field again allows a prediction of the 
precipitation probabi I ity. 

As a result of the success of the 500-mb map typing, a further investiga­
tion was suggested. Unstratified linear regression equations were 
developed and compared with similar equations derived using 500-mb flow 
type stratification. The comparison was done by Paegle and Kierulff 
and is described in deta i I in their Western Region Technical Memorandum, 
"Objective Forecast of Precipitation Over the Western Region of the United 
States" [1]. They demonstrated that the stratification led to a signifi­
cant improvement of the regression equations and that "the method (could) 
be applied in operational forecasting at very minimal computer cost". 

Thus the Paegle and Kierulff study showed that any regression equations 
can be improved by stratifying within map types-.--The purpose of this 
Technical Memorandum is to out! ine the results of a test of these 



particular type-stratified regression equations developed by Paegle and 
Kierulff for suitabi I ity in operational use. 

I I. METHOD OF EVALUATION 

In order to get an operational assessment, the map typing and qevelopment 
of PoPs from the regression equations had to be included in one com~uter 
program. This program was used to generate PoPs for 42 weste~n stations 
in three separate testing pe~iods. 

A. Precipitation Probabi I ity Program. 

The. program required for operational use did the following: Accepted 
height and precipitation. data, used the data. to generate predictor· 
fields and to pick the appropriate 500...,mb map type, inserted the 
predictor fields into the proper type-stratified regression equations 
to yield probabi I ities of precipitation. It was orgCJnized in the 
following mant:Jer: 

(I) Data Input- Needed .were the 850-, 700-, 500-, and 300-mb 
height fields on a 182-point grid centered 6ver western 
United States (see Figure 1), and the previous 12-hour 
precipitation at 43.western stations. (A detailed descrip­
tion of most aspects alluded to in this section is given in 
Paegle and KJerulff [l]r For example,- Table 4, page 20, of 
Technical Memorandum W.RTM 89, I ists the 4~ stations used for 
past precipitation.) Of th,e 21 fields used as predictors 
(Table 2 of Tech Memo WRTM 89), 17 are derivable from the 
four height fielqs. Jhe three m~isture fiel~s, 850-, ~00-~ 
and 500-mb dew~point depressions, ~ere not included; this. 
wi I I be further discussed below. 

(2) Generation of Predictor Fields - Exactly the same two-level 
model depcribed in the Technical Memorandum CWRTM 89) was 
4sed to generate fields such as vertical velocity and thick­
ness advecti~n. From an operational standpoint; the require~ 
ment of using derived fields was a slight disadvantage 
because of the computer ~ime required to obtain them and 
because the results are "model dependent", The "model 
dependency" thwarts use of the regression equations by 
forecasters in the fie I d, s i nee mode 1-der i ved ·parameters 
are not avaiJable to them. In the real-time test at NMC, 
the two-level model-derived fields had to be used rather 
than similar fields avai !able from the six-layer model.· 
Part of the reason for this is that some of the fields 
(e.g., vertical velocity at 500mb due to vorticity advec­
tion onJy) are nof obtainable from the six-layer model. 
A more compe I I i ng reason. for on I y using exact I y the same 
model is that its small area boundary problems result in 
large systematic errors which are automatically compensated 
for in the regression equations. This automatic compensa- ,, 
tion harms forecasts made with derived fields from other 
models; 
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(3) Map Typing - For two reasons a subprogram had to be developed 
which classified map types. First, the program which was used 
in the original typing was not easily adaptable to this appl i­
cation, and second, some of the data points used would not be 
generally available (see Figure 1). Of the 52 points used, 
only 45 of the points were elements of the 182-point set that 
was to be used as a data base. Since the seven points which 
were not elements of the 182-point grid were on the extreme 
northwestern periphery of the map-type correlation area, it 
was decided to omit these and produce map correlations using 
only the 45 available data points. As wi I I be shown below 
the omission of the seven points did not harm the validity of 
the typing. 

The method of typing consisted of storing the most representa­
tive 500-mb map for each of the six types on magnetic tape. 
The 500-mb map to be typed was used to compute a coefficient 
of correlation (r) with each of the six maps. The formula 
used to compute r was: 

I 

)~ 

where MT refers fo the standard map type. The six correlation 
coefficients are then compared,and the highest is selected as 
the characteristic map type. 

Fortunately, one season was avai !able to compare this typing 
scheme with that done by Paegle and Kierulff [1]. Table I 
shows the results of the comparison. Most of the days were 
typed the same, and for the few which were different, an 
examination of the actual maps showed they were intermediate 
to the two types. Thus, it is felt that the typing was repre­
sentative and justified its use with the regression equations 
to obtain operational forecasts. 

(4) PoP Generation -The final step of the program was to substi­
tute the proper fields into the dependent variable positions 
of the appropriate regression equation. To the extent that 
the precipitation process (within types) can be represented by 
I inear regression and were derived using a large enough sample 
size, the result can be multiplied by 100 and interpreted as a 
PoP. The PoPs were categorized; for example, alI of them from 
55% to 64~ inclusive, were grouped into the 60% category; those 
above 95% (including some which were numerically generated to 
be over 100%) were set to 100%, etc. 

B. Operational Tests 

There were three major operational tests performed (see Table 2 for a 
summary of the three tests). The first two tests used historical data 
and consisted of forecasts tor just a 12-hour period based on the 
analyzed charts and actual occurrence of precipitation (since past 
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precipitation was used as a predictor). The third test used height 
fields obtained from the National Meteorological Center's CNMC) six­
layer model together with the perfect prog assumption to forecast 
PoPs for 60 hours in 12-hour increments, The fol lo~ing is a short 
discussion of the purpose of each test. 

Test I. The main purpose of this test was to establish 
that.the program developed for operational use generated 
exactly the same fields as those used to develop the 
regression equations. This was possible because the last 
winter of data (December 67 - February 68) used by Paegle 
and Kierulff was not used in the equation development, but 
the necessary fields were saved for independent testing. 

Comparison of the fields generated indicated identical 
results and lend confidence to the verification, 

Test ~. This test was done using data which was completely 
independent of the earlier study. Since it comprised of 
two years with almost no data missing (a total of 341 fore~ 
cast periOds) it was the major 6perational test~ Clearly, 
if the PoPs generated from actual data do not verify wei I 
then use of the perfect prog assumption to lengthen the 
forecast period wi I I further degrade the results, 

The height data needed for this test came from charts 
analyzed by the Navy's Fleet Numerical Weather Faci I ity 
(FNWF). This data includes the required levels (850, 
700, 500, and 300 mb) on the NMC grid and was obtained on 
magnetic t~pe from the National ~I imatic Center. 

The precipitation data came from two sources. The 
Techniques Development Laboratory (TDL) of the National 
Weather Serv.ice suppl led most stations, a'nd the remaining 
ones were.obtained from the station records. 

Test 3. A real-time test was performed for the winter of 
December 73- February 74, using the NMC six-layer model 
for prognostic height fields out to 60 hours. Originally 
an attempt was made to get historical prog data, but some 
of the required fields (e.g., 300-mb height field) were 
not ava i I ab I e. 

The PoP program was run on a computer at NMC which had access 
to the required precipitation and height data. Forecasts 
beyond the first 12 hours required an assumption for past 
precipitation. Similar to Klein (2), the binary input for 
past precipitation (I for rain, 0 for no rain) was substi­
tuted for by a fraction ( 0 < P < I ) equa I to the generated 
PoP at the predictor station. This introduced a further 
difficulty since forecasts for one of the previous precipi­
tation stations (Idaho Falls) were not being made (due to 
insufficient data). In that case ths PoP of the nearest 
station, Pocatello, was used. 
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C. Brier Score Verification 

The half Brier score in current use by the National Weather Service 
was the main parameter used in the verification. AI I 42 stations 
were scored and compared against a climatology of precipitation 
probabi I ity compiled by Mi I ler [4]. Although the forecast system 
does not distinguish between which period of the day is being 
forecast for, the climatology used does, This allows comparison 
with other forecasts similarly scored. 

Each station was scored in each test and the results were printed 
as percent improvement over climatology. In addition to a total 
score, the Brier scores were stratified as follows: 

(I) Map Type- Since there was a substantial variation in the 
sample sizes of the developmental map types (e.g,, see 
Table I of Paegle and Kierulff), it was felt that separa­
tion by map type would reveal any deficiencies due to 
insufficient sample sizes. Also, since certain map types 
are "wet" and others are "dry", this allowed inferences 
on how the total score is distributed between the two. 

(2) Correlation Coefficients- This was done to find out if 
the height fields Which correlated very highly with the 
map-type fields resulted in better forecasts than those 
not so wei I correlated. 

(3) Precipitation Probabi I ities- For each of the 13 possible 
forecasts for the probability of precipitation (e.g., the 
allowed categories are 0%, 2%, 5%, 10%, 20%, etc.), each 
station was scored for the aggregate of forecasts of 
that probabi I ity. 

In addition to the Brier scoring described above, for 
the main test (Test 2), the frequency of precipitation 
for each probabi I ity was tabulated. This, together with 
the stratification of the scores into probabi I ities, 
allows an assessment of the rei iabi I ity of the probabi I ity 
forecasts. 

D. Data Discrepancies 

In the data checks made for Test I, it was discovered that the data 
used by Paegle and Kierulff had three major discrepancies which bear 
directly on the suitabi I ity of their equations for operational use. 
The following is a discussion of the three discrepancies: 

(I) Precipitation Occurrence Value- The amount of precipita­
tion which constitutes an 11occurrence" (to be assigned 
binary value I) is normally taken to be .01 inches; 
however, in the data used the actual cutoff was .02 
inches. Since more than one out of every five events of 
measurable precipitation amounts to only .01 inches, this 
is a very substantial difference. 
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Evidence of the discrepancy is in Figure 2 of Paegle 
and Kierulff. The nonstratified precipitation frequen­
cies can be construed as a cl lmatology for the occur­
rence of .02 or more inches of rain. In Table 3 of 
this paper, the frequencies of the . 0 I and . 02. inch 
cutoffs a~e compared for several stations. 

This discrepancy affects the operati6nal uti I ity of 
the equatlons in two ways. First, the past precipita­
tion predictor must be based on .02 inches rather than 
.01. This would not be a significant handicap opera-

_tlonal ly, since that Information Is readl ly .aval !able. 
Second, .01 inches of precipitation did not count as an 
occurrence in the development of the' regression equa­
tions; they forecast the probabl I lty of .02 Inches or 
more. Thus, the main problem is that the operational 
forecaster must forecast the probabi llty of .01 ·Inches 
(or greater), and this probabl I lty Is slgnlflcantly 
different from the chance of .02 or more which Is 
produced by the Paegle-Kierulff regression equations. 

(2) Data Val ld Period -·The precipitation data used to 
derive the equations was val ld for the 12 hours previous 
to what had been th6ught, This is illustrated in Figure 
2. Similar to Kleln (2), the equatio~s were developed 
with what was thought to be height data between the 
observed and forecast precipitation periods (Figure 2a). 
With the discovery that the verifying period was actually 
12 hours earl ler, the observed precipitation predictor 
is then valid for the period -24 to -12 hours before the 
height field val ld time, and the forecast Is being made 
for the 12 ho8rs previous to the height field Val ld time 
(Figure 2b). Alternately, It can be assumed that a 
perfect prog for 12-hour heights Is avai !able and then 
use of the most recent precipitation data Is made (Figure 
2c). · 

The lnterpretatlon·which was made In order·to test the 
equations Is that of Figure 2c, For a perfect 12-hour 
prog, the use of height data val ld at +12 hours Is just 
as good as using the 00-hour data; both are six hours 
from the center of the verifying period. In one opera­
tional sense, this constitutes a disadvantage. The 
val ldity of forecasts decrease as they are carrled 
forward In time, and consequently the forecast error 
in the 12-hour progs make them less val ld as predictors 
than the 00-hour fields. On the other hand, the height 
tendency fields, which were used as predictors, are 
better since they are cehtered on the forecast period. 
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(3) Dew-Point Depressions - It was found that although the 
850-mb dew-point depressions were correct, the 700-
and 500-mb moisture fields were wrong. The error was 
not of a systematic type, which would have been automa­
tically compensated for in the development of the 
regression equations. Rather, they were random and 
uncorrelated with the actual dew-point depression fields. 

Examination of Paegle and Kierulff's Figure 9 shows dew­
point depression mean fields which are somewhat unreal is­
tic. A direct result of this problem was the fact that 
700-mb and 500-mb depressions were almost never selected 
as predictors (see Table 18 of Paegle and Kierulff). 
Since it was apparent that the dew-point fields were of 
no help in reducing the variance (except the 850mb) alI 
three moisture fields were omitted in deriving the 
regression equations. 

Table 4a, taken from Klein, shows the mean reduction of 
variance for single predictor fields over western United 
States. Note that the dew-point spread ranks high in the 
reduction of variance. Thus, while the failure to use 
the moisture fields does not bias the theoretical results, 
it is felt they seriously compromise its operational 
usab i I ity. 

I I I. RESULTS OF EVALUATION 

As noted in Chapter I I, three major tests of the forecast system were 
made. Test I used .02 inches or more as constituting precipitation and 
is therefore not helpfu) as an indicator of the operational uti I ity of 
the Paegle-Kierulff equations. Consequently, this section wi I I mainly 
present the results of Test 2, which is a valid operational test using 
historical data. The outcome of Test 2 indicates the Paegle-Kierulff 
equations do not do wei I even in the first period (0-12 hours), a fact 
which practically guarantees poorer results for forecasts beyond 12 
hours. For this reason the results of Test 3 are not included in this 
report, except to note that preliminary findings do indicate the system 
doesn't forecast wei I for subsequent periods either. 

A. Comparison of Results of Test I and Test 2. 

Table 5 is a summary of the results of Test I as scored by the 
(1/2) Brier Score. It shows that over the winter 67- 68, the 
system was slightly over 10% better than climatology. It is 
surprising that it didn't beat climatology more substantially 
because (of necessity) a .01 inch climatology was used, and in 
the verification .02 inches constituted precipitation, 

Of interest, in Table 5, is the variabi I ity of the results. For 
example at Flagstaff (FLG), Arizona, it beat climatology by more 
than 60%; yet, at Havre (HVR), Montana, and Pendleton (PDT), 
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Oregon, it was more than 50% poorer than climatology. Each month 
was scored separately and the results were found to be Very con­
sistent from month to month. 

Figure 3 displays the outcome of Tests I and 2 as~ funct~on of 
the probabi I ity forecasted. It very cle~rly demonstrates the 
effect of verifying with .01 inch rather than .02 .. For Test I 
the system did best for the low PoP forecasts: 5%, 2%, and O%. 
This is a normal pattern; forecasters can often cal I for no 
precipitation with a high degree of certainty. Notice that Test 
2 loses to tl imatology in the low ranges. This is undoubtedly 
due to the large number of·precipitation events which amounted to 
on I y . 0 I inches. Likewise, in the first test forecasts of greater 
than 20% verified quite poorly, but did quite well in the second 
test. A system which forecasts a significant chance of .02 or 
greater wi I I do even better when verified with .01, since most 
stations tend to be dry. 

B. Results of Test 2. 

To be worthwhile for operational use, the accuracy of the 
foreca~ts should be comparable to other PoPs currently in use. 
Figure 4 compares the improvemeMt over climatology obtained by 
(I) the Paegle-Kierulff system, (2) TDL's NMC objective PoPs, 
and (3) the PoPs issued by the Weather Service Forecast Offices 
(WSFOs). At'! stations forecasted for by each WSFO are included, 
and the comparison is for the first-period forecasts of the 
winter 1969 - 1~70. The NMC PoPs were consistently better than 
the Paegle-Kierulff PoPs, with the WSFOs doing the best in alI 
areas. 

Figure 4 is meant to ~e only a g~netal comparison, since the input 
parameters are not exactly the same. For example, the "first 
period" objective forecast from NMC is actually from ·a data base 
12 hours old at the beginning of the forecast period; whereas, 
the Paegle-Kierulff equations were verified assuming "on-time" 
data. Counterbalancing this is the fact that the NMC and FP 
PoPs were verified over a six-month period (November 1969 -
November 1970), rather than a three-month period (December 1969 -
February 1970). Presumably, the shorter "winter only" period is 
slightly more difficult to forecast. 

Figure 5 is a rei iabi l ity curve for the Paegle-Kierulff system. 
The lower reliabi I ity at the upper end (80%, 90%, and 100%) is 
normal for most forecast systems, although it is noteworthy that 
precipitation fel I more often on 90% forecasts than on PoPs of 
100%. A more serious deficiency-is the low rei iabi lity for fore~ 
casts of 0%, 2%, and 5%. Precipitation fel I more than 10% of the 
time the PoP was forecast to be O%. This is another manifestation 
of the .01 cutoff being used. 
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When the Brier Scores are tabulated as a function of map type 
(see Figure 6), it is apparent that the regression equations 
for map types I, 3, and 4 do fairly wei I while map types 2 and 
5 do very poorly (actually losing to climatology). There is 
no obvious reason for this disparity. One possibi I ity is that 
regression euqations for 2 and 5 were based on less data 
(although 2 had more data than 4). Map type 4 is associated 
with heavy precipitation, but 2 is relatively dry, so apparently 
it's not closely related to precipitation. 

A priori, one would expect better scores for map types which 
were highly correlated with the original map type. Figure 7, 
showing scores as a function of map correlation coefficients, 
does not strongly show this. There is a slight improvement 
in socres with higher map correlations, with the highest socres 
for maps of coefficients between 940 and 960. Note that the 
improvement over climatology was essentially the same between 
maps of correlation less than 880 and those greater than 960. 

Figure Sa shows the improvement over climatology for the total 
test analyzed on a map of western United States. The system 
does best over western Oregon, California, and southern 
Arizona. It is quite poor in a band from northern Montana to 
central Washington. A possible reason for the poor performance 
in the north, especially northeast Montana, may be that the map 
types are not representative of the weather regimes in those 
areas. Much of the weather during winter in that area is due 
to systems coming down from Canada on the east side of the 
mountains. Neither upstream precipitation nor height fields are 
used which would be adequate predictors for this type system. 

There is a definite similarity in the results shown on Figure Sa 
and those obtained by Klein. The high predictability of weather 
over southern Arizona and up along the West Coast are features 
of both, as wei I as the lower predictability of the northern 
sections. Apparently with current data, precipitation is 
intrinsically much harder to forecast in some areas than others. 

Geographic dependence appeared in the verification of alI map 
types. For example, Figure 8b shows that the map type I 
regression equations did poorly in an area from southern Nevada 
to western Oregon. With generally west flow, the areas where 
the system did poorly appear to correspond to areas of down­
slope winds, while the upslope areas were areas where it did 
better. 

There is no clear-cut explanation for most of the geographic 
anomalies found. An attempt was made to correlate the perform­
ance of the equations with the precipitation regime (i.e., did 
it do better in wet areas than dry areas or vice versa?), but 
no strong correlation was found. There was a slight relation­
ship to the variance of the predictor fields (see Figure 4 of 
Paegle-Kierulff). Figures 8c and 8d show the geographic veri­
fication pattern for selected other stratifications. 
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Tables .6- 13 present the complete results of Jest 2. Each 
station is scored by the Brier Score for the Paegle-Kierulff 
equations (the column iabeled BRIER) and climatology (column 
CLIM). AI I Brier Scores are normalized. The percentage 
improvement <IMP PC) bver cl im~tology is I isted, as ~elI as 
the number of forecasts CNUM). The bottom I i ne I ists the 
total <TOT) ,scores f9r each category. 

Notice that a total of over 14,000 forecasts were scored, 
with a sufficient number of fo~ecasts for eath station 
within each map type to make the results statistically stable. 
Examinatioh of these table~along with the.appropriate regres­
sion ~quations, results in a wealth of inform~tion. Fo~ · 
example, in ~ap typ~ I Tucsonis regression equation beat 
climatology by almost 60%. The proper regr~ssion equation _shows 
then that past precipitation at Yuma, warm advection, ~nd 700-mb 
height to the west are very important predittors forthat parti-
cular flo~ regime. · · 

IV. CONCLUSIONS 

Three data discrepancies were described in Chapter I I. which bear directly 
on the suitability of.the regression equations for operational us~. For 
a multiple regression which maximizes reduction of variance with a minimum 
of terms, alI major independent predictors should be represented~ For 
example, Klein [2] found maximal reduction of variance for three.:.predictor­
field equations by including each of three basic p~rameters: height, m6is­
ture, and past precipitation (see Table 4b). He cited the appreciable 
reductions i~ variance made as eviden6e of the significance and independence 
of these three predictors. In ope~ational us~ alI three of these basic 
independent predictors are compromised in the Paegle-Kierulff regression 
equations., 

In Chapter I I I resu Its of an independent test were shown which confirmed 
that the system does not do wet I in compari~on with current operational. 
forecast! ng .. 

It is, therefore, the conclusion of this study that the Paegle-Kierulff 
type-stratified regression equations are not adaptable. to operational 
forecasting. 

It should be pointed out th~t the main thrust of the Paegle-Kierulff study 
was a comparison of regression equations stratified by map type with non­
stratified equations. Their conclusion that the map typing is a signifi­
cant improvement in the development of forecast equations is certainly 
sti 1 I true; this implies that while this particular set of regression 
equations may .not be suitable for o~erational use, map typing is ~ti I I an 
ex·cellent approach to the precipitation forecast problem. 

-10-



V. ACKNOWLEDGMENTS 

A very special thanks is due to Dr. Julia N. Paegle for the generous help 
she gave on this project. The members of Scientific Services Division 
CSSD), most notably, Messrs. Leonard Snel !man, Glenn Rasch, and Woodrow 
Dickey, were very helpful. The most difficult portion of the work, the 
data acquisition, was eased by Frederick Marshal I (Techniques Development 
Laboratory) and Marvin Magnuson CSSD). 

The author is also indebted to Dr. Frederick Shuman, Director, National 
Meteorological Center (NMC), and members of his staff for providing NMC 
computer time for the verification phase of this study and for providing 
assistance in the conversion of the verification program for use on the 
CDC 6600 computer. In particular, Arthur Kneer, James McDannel I, and 
Gene Coste! lo of NMC Automation Division aided in the conversion and wrote 
program routines for retrieving necessary data from the NMC data base. 

V I . REFERENCES 

[I] PAEGLE. J. N. and L. P. KIERULFF. Objective Forecast of Precipitation 
Over the Western Region of the United States. NOAA Technical 
Memorandum NWS WR 89, 64 pp., 1973. 

[2] KLEIN, W. H. Computer Predictor of Precipitation Probability in the 
United States. JAM, Volume 10, No. 5, p. 903, 1971. 

[3] AUGULIS, R. P. Precipitation Probabilities in the Western Region 
Associated with Winter 500-mb Types. ESSA Technical Memorandum 
WBTM WR 45-1, 91 pp., 1969. 

[ 4] MILLER, L. (Campi I ed by.) Climatological Precipitation Probabilities. 
ESSA Technical Memorandum WRTM 2, 25 pp., 1965. 

-II-



• 

FIGURE I. THE SQUARE IS INCLUSIVE OF THE 182 POINTS FOR WHICH DATA WAS 
AVAILABLE. THE SEVEN GRID POINTS MA.RkED IN THE GULF OF ALASKA-WERE USED 
IN THE PAEGLE-KIERULFF MAP TYPING, BUT NOT IN THE CURRENT STUDY. 

(a..) 

(I,) 

(C) 
•l"&. 00 

FIGURE 2. SCHEMATIC OF HEIGHT DATA AND PRECIPITATION VALID PERIODS. 
SEE TEXT FOR DETAILED EXPLANATION. 
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TABLE 3. A COMPARISON OF THE FREQUENCIES (PERCENT) OF PRECIPITATION AMOUNTING TO .01 
INCHES OR MORE AND . 02 INCHES OR MORE. 

4, . Mean reductions of variance (RV, ';' o\,tained by 
screening winter precipitation occurrence between 1200 and 24{)() 
GMT as a function of sin~;le predictor fields observed at l"·~innin~; 
of period. Results arr averal(ed for 48 western and 50 t'astern 
cities for 5-term equations. 

-=.::.-=-· .77:"~---==-==--==-·==-.=:7.::- -·- --.=-- - ·--:: 

RV 
Predictor> West East 

1000-mb height 23.6 29.5 
i\50-mb height 2R.X 31.1 
700-mh height 26.3 24.5 
500-mh height 23.9 20.5 

850-mb dew-point spread 
700-mb dew-point spread 
500-mb dew point spread 
850-700 mb mean spread 

Prior 12-hr precipitation 

25.7 
25.<! 
!(l.X 
27.1 

Jo.;; 

27.4 
30.3 
18.3 
33.7 

32.0 

4 b ~fean reductions of variarwt· obtained by ~cn·ening 
winter precipitation occurrence bet wetn !200 and 2400 G ~iT as 
function of three or!""' predictor tields in combinations. Results 
are given for 5-term equations at 48 stations in western half of the 
United States. 

Predictors RV 

850-mb height, XSO-mu spread, aurl 71JO-mb sprelld 33.7 · 

850-mb height, iOO-mb spread, and prior precipi- 39.1 
tation 

700-mb hdght, 700-mb spread, and prior prccipi- 38.0 
tation 

850-mb height, 850-mb spread, and prior prccipi- 39.0 
tation 

850-mb height, 850-700 mb mean spread, and prior 39.2 
precipitation 

850-mb height, 850-mb spread, 700-mb spread, and 38.6 
prior precipitation 

TABLE 4. MEAN REDUCTION OF VARIANCE OBTAINED BY SCREENING WINTER PRECIPITATION OCCURRENCE. 
(TAKEN FROM KLEIN [2]_) 
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TOTAL PRIER SCORES 

Bt' H: .. R 'CdM IMP.( PC) f\JU~* 
.~· 

EL.Y 9.9o .1.U,64 6 ,'4 127 * 
B~·L 7,9:; 10.11 21.4 127 *' TUS 10.07 l '+', 30 29,6 . 127 * LAS 4,42 4-,82 8,3 . 127 * PHX 12.~'::1 ·17 • .74 29,0 127 * Yu>:.1 6.90 o,69 -3.1 ·· 1Z7- ~ ·. 

•• 
S~o~C L3.6U lo,79 19.() 127 * sr-r,x 10.22 11.85 13.7 127 * BlL 15.49 lo,3b 5,3 127 * SLC 20.37 11.68 -15.2 127 * .Bot 14.64 17,22 15.0 . ,127 ·*· ·. 
Bi~O 18.98 1f;,43 -3.0 1~7 * GTF 19.14 ~u.71 7.n 127 * M:;o 22.lb ,.3_. 2.5 . ,.,+. 6 ·· .. 127 

"' PIJT 24.7':J 1o,4..3 -50.9 ... 127 • EkA 12.84 d3. 3d !::>'4. 8 127 * 
MFR 17. 93' .::3,02 2'2. 1 .. 127 * SE.A 35.t>4 .H.68 ·-12. 2' 127 * FAT !O.Ob r_j."73 26 ,7' 1?7 * LAX 9.7o 11.03 11.5 127 * MlF 15.81 lj.6.3 -16.0 127 * Rf'.QO Cl.29 10.47 :;.0.8 127 * Slo\N 14.20 .i,..),44 -5.6 127 * INW 14.4o ru.12 -1~2. 9 127 * SFO 16.3.5 .::.1 .• 62 24.5 !27 * PIH 1b.80 lt1.2o '3.0 127 >t 

GEG 29.51) C::o,91 -9,6 127 * RBL 13.54 2<.!.51 ,39,8 127 * PuX 24.3u .H ,84 23.7 127 * OLM 21.79 ...;1. 59 -:r,l.O 127 * A._W 32.14 ~::>,43 -2n,4 127 * AST 22.33 e:-8,97 22.7 .127 * S1-E 20.21 ~1,99 .36.8 1·27 * ElJG 21. 0~ .:H.19 ~~2 0 6 127 * FCA 29.7'::; 2..7.32 _,(3,9 127 * HVR 2l.2o .L.3,85 -c:,3. 5 127 * H._N 17.9b 24,49 26.6 127 * Ge:.W 18.9b 1:;.19 -2 1~. 9 127 * LwS 26.60 24,07 -\0.5 127 * EKO 18.00 15.02 -1°.8 127 * WMC 10.20 .i.U,25 • 4 127 * FLG 8,2b 21.06 60,R 127 * 
TOT 719.14 auv.o~ 1 0. 1 5334 * 

TABLE 5. COLUMN LABELED "BRIER" IS THE UNNORMALIZED TOTAL BRIER SCORE OBTAINED BY THE 
PAEGLE-KIERULFF REGRESSION EQUATIONS DURING THE WINTER 67 - 68. "CLIM" IS THE CLIMATOLOGY 
SCORE, "IMP(PC)" IS THE PERCENT IMPROVEMENT OVER CLIMATOLOGY, AND "NUM" IS THE NUMBER or-
'''!RECASTS. THE COLUMN TOTALS ARE THE BOTTOM ROW, LABELED "TOT". 
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