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ABSTRACT

Multiple linear-regression prediction equations have been derived for the winter-

time 12-, 24-, and 36-hr displacements and changes in central pressure of cyclones and

anticyclones over Europe and cyclones over Asia. An important feature of the statistical

prediction technique used in developing the equations is that the coordinates of measure-

ment accompany the cyclone or anticyclone. The equations were tested on sizable inde-

j Ipendent data samples and found to be stable; limited comparative-accuracy tests indicate

that their results are competitive with those obtained by experienced subjective forecasters.
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1.0 INTRODUCTION

s Predicting the behavior of significant features in the distribution of surace pres-

sure, such as cyclones, anticyclones, fronts, ridges (high pressure), and troughs (low

pressure), is an important step in the preparation of a weather forecast. Gross sig-

nificant features like these have drawn attention because their initial configuration and

their subsequent movement and intensification (or dissipation) permit a reasonably

accurate sequential specification of the weather at stations along their paths. These

I relationships have long been regarded as primarily qualitative. Their quantitative study,

which is urgently needed, can lead to new characteristics that should be predicted or to

j new significant features that are rich in weather-predictive information.

Formulating the problem of predicting the distribution of surface pressure in terms

j of the behavior of significant features permits two important departures from the custom-

ary statistical formulation, in which predictors for a given gridpoint pressure or array

I of gridpoint pressures are defined as observations in a fixed-coordinate system [6].

First, it permits the minimization of the errors (in a least-squares sense) of more

meaningful parameters than simply the pressure at a gridpoint. Second, it permits the

introduction of a type of nonlinearity in the predictor-predictand relationships. Consider,

for example, the extension of this approach to the derivation of equations for forecasting

the behavior of a large number of significant features. The forecasts can be combined

by methods analogous to those used in objective weather analysis to yield a prediction of

the surface pressure at an array of gridpoints. The predicted pressure at any gridpoint

is a function of the synoptic situation; that is, predictors affecting the pressure at the

gridpoint stem from the location and type of significant features present at the initial

time of the forecast period.

In the work described here, the cyclone (defined as having at least one closed isobar)

was chosen as the primary feature for study. Partly because of its association with

cloudiness and precipitation, the cyclone has been under investigation by meteorologists

since the advent of synoptti maps. The anticyclone (likewise defined as having at least

one closed isobar) was also studied. Earlier work on the problem of predicting the move-

ment and intensification of cyclones over the eastern United States by statistical methods

1



1121 proved promising enough to warrant the extension of such an approach to other

geographical areas. Accordingly, Europe and eastern Asia were selected as regions for

technique development.

2



2.0 DESIGN OF THE STUDIES

2.1 Areas Studied

Regression equations for predicting the wintertime (November-March) behavior

of cyclones were derived separately for Europe and eastern Asia and for each of the

zones defined in Fig. 2-1. Anticyclones were examined also, and equations were derived

for Europe; the '"vinter reason" was extended to include October and April so that there

would be enough cases to test.

A

- " - \ h

*IA

A rep I

Fig. 2-1. Areas for which cyclones and anticyclones were predicted. Area I (Europe)
is divided into two zones (northern and southern) by latitude 45°N. Area 11 (Asia) is divided
into four zones (northwestern, northeastern, southwestern, and southeastern) by latitude
40'N and long.itude 1450E.
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TABLE 2-1
SELECTED WINTER CYCLONES AND ANTICYCLONES OVER EUROPE AND ASIA,

1955-1960

1 } No. of cyclones No. of anticyclones
1Zone !1,.19it [1959-1960S 1955-1960 1W33-193 1939-196O 1955-1960

N 4oe 121 5 -
I

Europel S 318 82 I400

Both 720 203 9 1e 658 106 764

NW 266 72 338 -

NE 1433 118 551
II

Asia# SW 196 39 235

SE 196 57 2533

All 1091 266 1 -7

*See Fig. 2-1.
qDpo ndent samleqpI.Ineopendent sample.

IDIviding line between zones is 45'N.
$Dlviding lines between zones are lO°N and 145*E.

2.2 Selectioi. of Cases

Table 2-1 shows the number of cyclones and anticyclories selected for each of the

zones of Fig. 2-1. The cyclones were selected by examining all the 0000- and 1200-GCT

surface charts** for the winters (November-March) of 1955-1956 through 1959-1960.

A cyclone was accepted if it retained its identity for at least 36 hours. European anti--

cyclones were selected in the same way except that the "winter season" was extended to

include October and April to provide a large enough sample.

The samples of cyclones and anticyclones selected for the winters of 1955-1956

through 1958-1959 were designated as the dependent samples and were used in deriving

the equations. The samples for the winter of 1959-1960 were designated as the inde-

pondent samples and were used to test the equations.

**Microfilm copies of surface maps, analyzed by the National Weather Analysis
Center, were used. From these it was possible to construct maps showing individual
cyclone and anticyclone tracks at 12-hr intervwii., which served as the basis for selec-
tion.
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i TABLE 2-2
PRED I CTANDS

Class Symbol Unit of
l _measurement

Northward displacement N dog. let.

1 Eastward displacement E dog. lat.

Change in central pressure D mb

2.3 Predictands

Latitudinal displacement, longitudinal displacement, and change in central pres-

sure, for 12, 24, and 36 hr, were chosen as predictands (Table 2-2) for both the cyclone

and anticyclone equations. The same National Weather Analysis Center maps used to

select the cases (see Sec. 2.2) were used as the source of predictand data.

2.4 Predictors Considered

SSystem 433L hemispheric-data tapes [88 were used as the basic source of predictor

data. Special preprocessing programs (see App. A) automatically derived gridpoint arrays

of the various pressure, height, and thickness data for each cyclone and anticyclone in the

developmental sample, yielding altogether six grid arrays of 221 points each, or about

1300 potential predictors.

To comply with the maximum of 200 possible predictors acceptable by the screening-

regression program (see Sec. 2.6), a preliminary reduction in the number of predictors

was made subjectively by increasing the spacing between gridpoints. Due to the spatial

redundancy of the meteorological information under consideration, this hypothetically lost

very little of the predictive information contained in the original set of data.

Table 2-3 lists the possible predictors that remained. There are two categories:

one includes both surface and upper-air predictors in combination, and the other includes

surface predictors only. No attempt was made to incorporate so-called derived predictors

(vorticity, vorticity advection, etc.) because a previous feasibility test involving such pre-

dictors 1121 did not demonstrate significant improvement over simply using point-value

5



TABLE 2-3
POSSIBLE PREDICTORS

No. of predictors
Unit of

Class Symbol measurement Including Excluding
upper-air upper-air

date data

Sea-level pressure P mb 35

12-hr sea-level pressure change &P mb 34 84

500-mb height Z 10 ft 41 -

12-hr 500-mb height change 11Z 10 ft 41O

1000-500-mb thickness H 10 ft 24

12-hr 1000-500-mb thickness change 6H 10 ft 24-

Present latitude of cyclone 0 deg. let. 1 1

Present longitude of cyclone deg. long.* 1 I

Total 200 170

*Positive for W long., negative for E long.

predictors, although only a thorough investigation could support any contention that derived

predictors contain no i)dependent predictive information. j
2.5 The Moving-coordinate Grid

The grid for extracting predictor infor. Ation accompanies the feature as it moves,

so variables are measured at constant positions relative to its center. The grid is shown

in Fig. 2-2. The gridpoint defined by the (k, 1)-location (10, 5) is placed at the center of

the feature, and the grid is oriented so that the line k = 10 coincides with the meridian

passing through the center of the feature. In practice, grid placement and data tabulation

are done by computer programs, and "analyzed maps" are on magnetic tape. On a polar

stereographic projection with standard parallel at 60°N, the 17 x 13 array forms a set of

evenly spaced points. On a map scale of 1:15,000,000, the grid interval is I in. This is

the same interval as in the JNWP grid [2, Fig. 1]. At 60°N, where the scale is true, one

grid interval equals 381 km. The 221 points defined by this grid system were the ones

6
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k

Fig. 2-2. Moving-coordinate grid overlay. Gridpoint (10, 5)
in the (k, 1)-array is always positioned at the center of the cyclone
or anticyclone, and the grid is always oriented so that the line
k = 10 coincides with the meridian passing through the center of
the feature. One grid interval equals one JNWP grid interval
(381 km at 60*N).

used for predictor tabulation by superimposing the grid on analyzed maps of sea-level

pressure and 500-mb height.

An important preliminary step in the preparation of the data for the prediction

experiments was a systematic machine-man search for and correction of gross errors.

Suspicious gridpoint values of parameters were identified by a series of tests performed

by the IBM 7090, and listings of these values were compared with microfilm copies of

manuscript maps; where necessary, corrections were made to the data filed on magnetic

tapes. The details of the computer programs, data-handling procedures, and error-

checking procedures are given in Appendix A.

2.6 Screening-regression Tcchnique

The screening procedure suggested by Bryan [I1I and developed for the IBM 704

electronic computer by Miller [5, 71 was used to screen the possible predictors identified

7
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in Table 2-3. One who designm a statistical prediction experiment likes invariably to

consider all predictors deemed important on the basis of previous theoretical, synoptic,

and empirical work (in this case, all those listed in Table 2-3), but, as Lorenz [41 points

out, a prediction equation should contain few predictors in comparison with the size of

the developmental sample; if there are too many, a relationship that fits the sample used

to establish it is likely to fail when applied to a new sample. The object of the screening

procedure is to select from a set of possible predictors the subset that contributes most

significantly and independently to reducing the variance of the predictand.

From an array of possible predictors, the screening procedure selects first the

one that has the highest linear correlation with the predictand in question. This predictor

is then held constant, and partial-correlation coefficients between the predictand and each

of the remaining predictors are examined; the predictor now associated with the highest

coefficient is the second one selected. Additional predictors are chosen similarly until

a selected predictor fails to explain a significant additional percentage of the remaining

variance of the predictand.

The criterion of significance as applied to the screening procedure is not clear cut

since the usual F-test methods (e.g., [10]) are not applicable [7]. If a predictor is chosen

at random from a group of predictors, an F-test is usually taken at the 95% level; this

allows for a 1-in-20 chance of considering the predictor significant when in fact it is not.

Because the screening procedure does not select predictors randomly, a more severe test

is needed to specify a 1-in-20 chance. For his screening procedure, Miller suggested

[7] that the critical F-value be a function of the number of possible predictors. The F-test

was used in this form in these experiments.

8
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II 3.0 RESULTS

T Preparatory to deriving prediction equations for cyclones or anticyclones, the

Sclimatological characteristics of these features and the atmospheric variables believed

to be related to them were computed as an aid for suggesting possible predictors to be

used in the screening-regression program. Also of interest was a determination of the

difference in characteristics for different regions of the same area to assess the desira-

bility of stratifying the data sample. Accordingly, the means and standard deviations of

all predictands and possible predictors were computed both for entire areas (unstratified)U
and for regions within areas (stratified). Some of these characteristics are discussed in

the sections that follow, in addition to the results obtained by the regression analysis.
The prediction equations are given in Appendix B.

3.1 European Cyclones

Europe (area I of Fig. 2-1) was divided by latitude 45N into two zones on the basis

of charts of principal tracks of cyclones and their frequencies described by Klein (3

which indicate separate maxima of cyclone activity and different behavior over northern

Europe and in the Mediterranean area. The main purpose of the stratification was to

attempt to account for differences in predictor-predictand relationships that may be present

I between one geographical zone and another. The need for stratification is not always

clear cut. For example, it is possible that one or more of the predictors themselves may

be able to express such differences, making stratification unnecessary.

1 3.1.1 Synoptic Climatology

Table 3-1 contains the means and standard deviations of the northward and eastward

displacements and changes in central pressure of 720 cyclones for 12, 24 and 36 hr. This

information is also shown graphically in Fig. 3-1. The mean tracks were constructed by

simply connecting the mean displacements for the three time periods of intei est. Note

that the mean track for both northern- and southern-zone cyclones is toward the east-

northeast but that the speed of the northern cyclones (about 15 knots) is slightly greater

than that of the southern cyclones (about 12 knots). Both samples exhibit filling character-

istics in contrast to the deepening tendencies of cyclones in, say, the eastern United States.

9
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TABLE 3-1
CI.•RACTERISTICS OF WINTER CYCLONES OVER EUROPE,

1913-1959 (DEPENDENT SAWLE)

Observed Observed Observed
Fw-'cast northward eastward change in

Zone Interval, displacement, dlsplacement, central pressure,
hr dog. lat. dog. let. Mb

I Mean Std. dav. Mean Std. dev. Mean0  Std. day.

12 0.37 2.39 -3.22 2.49 -0.09 5.8

N 21 1.08 11.00 -6.ca 4.13 1.51 8.70

36 1.98 5.27 -8.71 5.68 3.74 1o.o8

12 o.11o 2.09 -2.38 2.13 -0.241 3.99

S 21 0,85 3.1, -4177 3.48 o.66 5.46

1 36 1.32 41.04 -6.941 1.76 1 2.141 6.62

12 0.38 2.26 -2.85 2.38 -o.16 5.10

Both 24 0.98 3.65 -5.417 3.91 1.11 7.4,6

36 1 .69 11.78 -7.93 5.36 3.03 9.21

*Negative values represent deepening.

+3.7o

0
00.

CS-.20.7 +31.7

-N

0
Z 0 2 4 6 8 10

Eastward displacement, deg. lat.

Fig. 3-1. Mean tracks of winter cyclones in Europe by zone, 1955-
1959 (dependent sample). 012-hr displacement; &24-hr displacement;
036-hr displacement. Value adjacent to symbol refers to mean change
in central pressure (millibars).
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Fig. 3-4. Mean maps of 500-mb height for winter cyclones in Europe,

1955-1959 (dependent sample). lsohypses are labeled in tens of feet.
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Fig. 3-5. Mean maps of 12-hr 500-mb height change for winter cyclones

in Europe, 1955-1959 (dependent samrple). Isallohypses are labeled in tens
of feet.
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Fig. 3-6. Mean maps of 1000-500-mb thickness for winter cyclones in

Europe, 1955-1959 (dependent sample). Isopache are labeled in tens of feet.
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Fig. 3-7. Mean maps of 12-hr 1000-600-rob thickness, change for winter

cyclones in Europe, 1965-1959 (dependent sample). Isallopachs are labeled
in tens of feet.
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Although the cyclone tracks in the two zones seem similar, there is a sizable difference

Il in variability about the means, as indicated by the standard deviations in Table 3-1. For

every time period, the standard deviations for the northern zone are greater than for the

j southern. Other interesting characteristics are shown in Figs. 3-2 through 3-7, in which

the means of all the possible predictors have been plotted and analyzed. The resulting

Scharts depict the mean distributions of pressure, height, and thickness and their 12-hr

changes relative to the cyclone center. Comparison of Figs. 3-2(a) and (b) shows that

the mean northern-zone cyclone (984 mb) is about 17 mb deeper than the mean southern-

zone cyclone (1001 mb) and is much larger in extent. This is characteristic of most of

j the other features; i.e., the northern zone shows pressure- and height-change centers of

greater magnitude, and higher-amplitude 500-mb troughs.

1 3.1.2 Results of Using Both Surface and Upper-air Predictors

Regression equations were derived for the two zones separately and for the entire

area. The possible predictors that were screened are listed in Table 2-3. The predict-

ands are northward displacement, eastward displacement, and change in central pressure,I
for 12, 24, and 36 hr.

The results of the screening regression on dependent data are presented in Tables

3-2 and 3-3. Table 3-2 lists the predictors in the order of their selection by the screening

procedure and the percentage of the total variance of the predictand explained by each for

northern-zone cyclones, southern-zone cyclones, and the complete unstratified sample.

Table 3-3 summarizes the initial and residual standard deviations, along with the percent

reductions. The numbers in parentheses accompanying the predictors in Table 3-2 refer

to the (k, 1)-predictor locations in the grid system shown in Fig. 2-2.

From Table 3-2(a), it can be seen that the six displacement predictands for the

nothern zone (two fcr each time period) counted heavily on upper-air information. For

the northward displacement, Z(15, 5) was the first predictor selected for all three time

periods. Z(15, 5) is the 500-mb height about six grid intervals east of the cyclone. It is

correlated with the northward component in such a way as to favor large northward dis-

placements when the heights there are high. This seems consistent with synoptic reasoning;

i.e., a large-amplitude ridge east of a cyclone is conducive to a sizable northward displace-

17
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TABL E 3-2
PREDICTORS SELECTED BY SCREENING REGRESSION

FOR WINTER CYCLONES OVER EUROPE*

(a) Northern zone

Forecast N 6
interval, Order of I .

hr seect ion % %
Predictor red. Predictor red. Predictor red.

1st Z(15,5) 25.3 Z( 9,1) 26.8 %P( 9,5) 26.6

I S?1nd 7( 9,7) 15.0 ?MI,q3 10.2 P(10,5) 9.1

3rd P( 5,1) 5.8 %P( 9,5) 5.1 P(;I,5) 2.9
4
th 7(13,5) 4.4 7(13,1) 2.1 pf'i,1) 3.1 r

12
5th - Z(11,7) 2.0 IP( 7,1) 2.3

6th - z( 9,5) 2.5 67( 9,5) 1.9 j
Ith - A 2.1

8th . 1 7( 9,,) 2.5

Total 48.5 48.7 50.5
Ist 1(15,5) 25.3J 7(9,1) 26.7 67( 9,5) 20.0

2nd 7( 9,7) 15.6 7(13,9) 17.1 P(1o,5) 15.2

5rd 7( 5,1) ").5 7(13,1) 4.1 6H( 9,5) 6.14

214 4th 7(11,1) 4.9 \7( 9,5) 2.ý A 2.7

')t 2 0.8 7(13,7) 1.6 7( 9,7) 5.6

6th P(15,7) 1.5 P(1O,5) 1.2

71h H4( 9.1) 1.5 7(5,11) 1.7 - .

Tolai 56.7 5.1 45.9

1st 7(15,5) 2o.4 7( 9,1) 21.4 7(9,3) 19.3

2nd 7( 9,7) 17.1 7(13,9) 17.9 %P( 9,5) 11.6

,rd "7(15,5) 5.8 7(13,1) 5.8 P(I0,5) 9.6

4~th 7( -),l) 2.9 ,%7( 9,5) 2.4 H( 9,7) 2.3

5th 2 2.8 7(15,7) 1.7 7(13,1) 2.8

Snt, "(1t,) 2.4 P(I1•,) 2.7

"*!;hC.,d ng uper.-ar drti,

181
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________ _ ________ F(b) South~ern zo ne : r d c .

qrutA I6
.intarvel, Order of

1wr ,lon I SeI e t
Predictor . Predictor red. Predictor rod.

lot P( 7#7) 10.9 z(l ,9) 9.6 ap[ 9,3] 11.4

it 24d Z00,) a. P( 3,7) 7.8 P(10,5) 1C.3

3rd Z(9,7) 9.6 Z(7,1) 5.7 P( 1,7)__

Totel 24.7 21.1 26.4

lst P( 7,3) 11.7 z(11,9) 14.0 P(lO,30) 16.8

2nd z(13,3) 6.2 P( 3,7) 9.4 &P( 9,3) 13.6

A 3rd Z( 9,9) 12.2 Z( 9,5) 4.1 P(11,7) 7.0

kth &Z( 7,9) 3.0 - A 1.7

"3h N ( 9,9) 5.2

Totel 33.1 27.3 kk.3

lit Z( 9,9) 14.6 Z(13,9) 16.3 P(lO,0 3) 25.4

2nd 7(1,03) 14.8 P( 5,7) 10.7 z(11,9) 10.6

36 5rd P( ,3) %.5 - - A6 6.9

&th P( 9,3) 3.3

5th &P( 3,3) 2.4

Totes 13.9 27.2 56.6

19



(c) Both zones

forecast_____J 6Interval, Order of
hr selection % % 1

_Predictor red. Predictor red. Predictor red.

It P( 7,1) 9.5 P(15,9) 11.9 &P( 9,5) 20.2

2nd P(13,3) 6.6 P(1li) 6.8 P(lo,o) 5.7

3rd P( 901) 8.4 P( 5,7) 55. Z( 9,7) i..5

1,th z(015,) 9.0 &P( 7.5) 3.14 A 5.4

5th H(7,7) 4.4 Z( 9,1) 2.1 P(11,5) 1.8

12 6th P(11,3) 1.8 Z(11,7) 5.2 P"13,3) 2.0

7th - P(10,5) 2.6 Z( 9,13) 1.4

8th -P('1,:i) 1.9 -

9th H(13,3) 1.5-

loth Z( 5,9) 1.3

11th P( 9,15) 1.2 -

Total 39.7 43.4 141.0
Ist P( 7,1) 10.9 P(l ,9) 16.8 %P(9,) 15.6
2nd P(15,3) 7.5 P(11,1) 7.7 P(tOs) 12.51

3rd P( 9,9) 5.0 P( 5,7) .5 Z(9,7) 6.0

Ilth Z(1515) 7.6 Z( 9,1) 2.3 5.6

5th Z( 9,7) 8.2 z(13,9) 6.2 aP(11,3) 2.1
24

6th 7(11,3) 3.3 W( 7,5) 1.8 P(11,5) 1.5
7th &2( 9,9) 1.7 Z(11,9) 0.8 P(15,1) 1.3

8th M( 7,3) 1.6 H(13,3) 1.0 67( 9,5) 1.1

9th P(11,7) 0.9 Z(13,7) 1.7 &P(11,9) 0.7

10th P(15,7) 1.2 P(10,5) 2'.1
Total 47.9 45.9 46.14

1st P( 7,1) 9.3 P(15,9) 18.9 P(10,15) 16.1

2nd P( 9,9) 7.3 P(11,1) 7.2 .IP( 9,1) 114.5

3rd Z(154,) 7.7 P( 5,7) 4.9 Z(13,9) 6.1

14th Z( 9,7) 10.6 Z( 9,1) 1.9 A 2.7
56 5th P(13,1) 3.5 7(13,9) 5.8 z( 9,7) 3.1

6th ,v7( 9,9) 1.5 Ap( 9,5) 1.5 &Z(11,3) 1.3

7th 62(13,3) 1.4 z(13,3) 1.0 H(11,3) 1.5

8th P( 9,3) 0.7 67(11,7) 1.0

9th P(13,5) 1.1

Total 4I1o.3 437,0 416.3
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mont. Z(9, 1), the 500-mb height about four grid intervals south-southwest of the cyclone,

was selected first for all three time periods for the eastward component. Its correlation

with the eastward component is such that low heights in this region are associated with

small eastward displacements. Low heights in that location imply high-amplitude sys-

tems at 500 mb or lack of a strong zonal flow. The central pressure's lead predictors of

P(9, 5) for 12 hr and Z(9, 5) for 24 hr correlate 12-hr pressure and height falls to the

immediate west of the cyclone with deepening.

In the southern zone (Table 3-2(b)], there is a greater reliance placed on surface

predictors. This is carried over even to the unstratified equations [Table 3-2(c)], where

the first (and even the second) predictor selected is a surface variable in all nine instances.

For the northward component, P(7,1), the sea-level pressure five grid intervals southwest

of the cyclone, correlates high pressure there with large northward displacements.

P(15, 9), the lead predictor for eastward displacement, is located about six grid intervals

northeast of the cyclone, and the relationship is such that high pressure there retards

eastward cyclone displacement. For central pressure, P(9, 5) is the same predictor as in

the northern zone. P(10, 5) is the initial central pressure itself and is correlated in such

a way that little additional deepening takes place when the cyclone is initially deep.

Of particular interest is the comparison between the stratified and unstratified

regression analyses. Such a comparison is shown in Table 3-4. The vector column refers

to the rms vector error, which is the square root of the sum of the squares of the two

component rms errors. Note that the vector errors for the unstratified equations are

smaller for all three time periods for both the northern &une and the southern zone. For

central pressure, the unstratified equations yield smaller rms errors except for the 36-hr

southern-zone predictions.

The failure of the stratified equations to improve the results would seem to indicate

that, at least for this problem, there is no benefit in processing the cases separately

according to the latitude of the cyclone. One factor to consider is that 720 cases were

used to develop the unstratified equations, whereas only about half that number were used

to develop the stratified equations for each zone. The smaller number of cases could

result in less stable coefficients. If this is true, then much care needs to be taken in
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TABLE 3-5
CU14JLATIVE FREQUENCY OF ERROR IN 211-hr

PREDICTIONS OF CYCLONFS OVER EUJROPE
19V9-1960*

(a) Total displacement

Percentage of cases
Error e # .

deg* let. Regress Ion t Ounstable Offenbach Moacow
(203 cases) (781 cases) (1195 cases) (1126 cases)

oa cs l 8 6 6 8

Os a S2 25 19 18 23

O S5 31 37 35 43

o S .S 4 61 53 51 61

O s I s 5 75 64 61 72

0 S c s 6 87 741 72 81

osseS7 90 85. 8 90

(b) Change in central pressure

Percentage of cases

Error (
mb Regressiont Dunstable Offenbach Mbscow

(203 cases) (78 cases) (1195 cases) (1126 cases)

0 S e s 1.5 25 22 23 28

o s c14. 5 61 541 68

0-cs 7.5 79 73 77 83

0 S f : 10.) 92 84 87 92

0 1(3..5 98 91 92 96

o S( 16.5 99 96 96 98

o Ss 19.5 99 98 98 99

*Regression predictions are for Nov. 1959 through Mar. 1960. Ounstable,
Offenbach, and Moscow predictions are for Jun. 1959 through Mar. 1960.

tUnstrat if Ied.
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determining criteria for stratification, particularly if the investigator has a limited

j amount of data at his disposal.

Table 3-4 also contains a comparison of the regression predictions with climatology.

j The climatology used was based on the computed means fTable 3-1) of the predictande for

the dependent sample. These were used as predictions for the 203 cases of the independent

I sample. The rms errors for climatology are substantially larger than for regression for

all time periods.

To determine the usefulness of a prediction technique, it Is desirable to test Its

skill against some other technique-preferably the current operational system for which

i the new technique is hoped to serve as an aid. One such comparison would be with prog-

noses issued by a forecast center. This type of test is being performed by a USAF Air

i Weather Service (AWS) unit in Europe, but results are not currently available. Some indi-

cation of the performance of the regression techniques can be obtained, though, from a

comparison of some verifications of prognostic charts prepared by Scherhag [9]. In his

report, Scherhag presents error distributions of 24-hr cyclone-position and central-

pressure forecasts for three forecast centers- Dunstable, Offenbach, and Moscow. These

results are shown in Table 3-5, with the 203 independent regression predictions (unstrati-

fled) for comparison. Although the data samples are not exactly the same, Table 3-5

indicates that the regression technique at least maintained the same level of skill as the

prognoses of the Dunstable, Offenbach. and Moscow forecast centers.

3.1.3 Results of Using Surface Predictors Only

There are limitations to the application of this prediction technique. For example,

since 500-mb-height data are received only every 12 hr and the method requires input of

such information, it is not possible to apply the regression equations, operationally, at 0600

and 1800 GCT. Also, in many instances, there Is a time lag of at least an hour between the

receipts of surface and upper-air information for the applicable times of 0000 and 1200 OCT.

L One possible way to overcome these problems is to use a prognosis of the 500-mb data.

Another approach is to derive regression equations that use only surface data as predictors.
T A regression analysis that excludes upper-air data, if successful, would provide a useful

2
25
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TAAkE 5-6
PUEOICTORS SELECTED BY SCREENIMI 1•A ESSION

SFOR WINTER CYCLONES OVER IJA•E*
Fo,-., •i . .t.1.- , Order o1f

hr selection %____ %

I Predictor rod. Predictor red. Predictor red
lIt P( 7,1 ) 9.9 P(1509) 12.1 &P( 9,5•) 20.2

2no P(14,4) 6.6 P(III ) 6.6 P(10o,5) 5.6

5rd P( 9,7) 6.2 P( 5,7) 5.5 P(11,7) 1.3

ith P(01,) 5.4 aP( 8,6) 1.4 0 1.9

12 5th &P( 8,2) 3.4 P(! S,,) 1.0 % 2.5

6th 0 2.5 P(o0,5) ,.8 P(1O0,4) 1.8

7th P(1o0,6) 3.5 P (11,5) 2.9 6P(11,5) 1.7

8th P(5,13) 1.6 P(12,6) 1.8 P( 3,9) 1.3

9th P(17,7) 1.5 P( 5,1) 1.3

Total 140.1O 39, 1 39.1

lst P( 7,1) 11.3 P(15,9) 17.0 AP( 9,5) 1,.6

2nd P(1515) 7.3 P(11,1) 7.5 P(o,M 12.1

3rd P(1l,9) 6.7 P( 5,7) 5.5 P(12,8) 5.1

14th 0 3.7 4P( 8,6) 2.7 0 1.8

5th P(7,13) 2.4 P(0o,5) 1.3 P(1 ,5) 1.8

6th P( 9,1) 2.1 P( 115) 3.9 AL 1.7
21,

7th P(13,l) 2.5 Ap(Ia,11) 1.0 GP(11,3) 1.9

9th P05,7) 1.5 P( 5,1) 1.6

10th P(11,3) 1.6 *

11th P( 7,9) 1.2

12th &P(15,7) 1.2 1

Total 43.6 411.8 40O-3

lst P( 7,1) 9.6 P(15,9) 19.2 P(10,5) 16.0

2,1 P( 9,9) 7.9 P(11,I1I) 6.9 rP( 9,5) 14.5

3rd P(t3,3) 5.6 P( 5,7) 5.0 P(13,9) 5.41

4th P(7,13) 2.5 P0(o,5) 1.2 0 2.2

56 5th 0 2.1 P(01,5) 3.5 P(12,6) t.7

6th P(l ,7) 14.9 P(15.1) 1.11
7th P(17,7) 3.3 -A 1.5

8th P(103,7) 1.6 P(5,13) 1.2

9th AP(9.9) 1.4 &P(13,3) 1.3

9th , 38.9 35.8 14.2

*Excluding upper-air data.
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product applicable to any observation time for which surface data are available. Accord-

ingly, one screening-regression run was made on the full sample of 720 cases (unstratified) ij

in which 600-mb height, 1000-500-mb thickness, and the time changes of these variables

(see Table 2-3) were eliminated as possible predictors. Table 3-6 lists the selected

predictors, in the order of their selection.

The comparative results of the two tests, excluding and including upper-air data,

are shown in Tables 3-7 (dependent sample) and 3-8 (independent sample). Although

generally better results were obtained when upper-air data were included, the differences

do not appear to be excessive, and the use of regression equations that exclude upper-air

data appears to be of value In situations where upper-air data are unavailable.

3.2 Asian Cyclones

Asia (area II of Fig. 2-1) was divided by latitude 40"N and longitude 145"E into four

fairly even zones providing a separation of the relatively young, western cyclones from

the older, eastern cyclones.

3.2.1 Synoptic Climatology

Table 3-9 contains the means and standard deviations of the northward and east-

ward displacements and changes in central pressure of 1091 Asian cyclones, for 12, 24,

and 36 hr. Figure 3-8 depicts the mean cyclone tracks in each of the four zones. The

southern cyclones tend to move much faster than the northern cyclones (approximately

27 knots in the south, 17 knots in the north). The maximum deepening was also noted in

the southern zones, with lesser deepening over the northern zones. In fact, after 24 hr

in the northeastern zone, there was a slight tendency for filling. This is not surprising

inasmuch as cyclones in the northeastern zone are usually in or nearing their occluded j

phase.

The associated mean maps of pressure, height and thickness are shown as Figs. 3-9

through 3-14. Comparison of the sea-level pressure maps (Fig. 3-9) reveals a cyclone's

stage of development; i.e., the farther east the cyclone, the lower its central pressure.

The younger cyclones, which comprise much of~the data samples of the northwestern and

southwestern zones, have mean central pressures of 1004 and 1006 mb, respectively.

28



TALE 5-9
C4 MCTERISTICS OF WINTER CYCLONES OVER ASIA,

195,-l9) (EPUDBENT SAIW1.)

Observed Observed Observed
f Porecast northward eastward change In

Zone Interval, displacement, dIsplacemet, central pressure,
hr dog. lt. dog. let. mb

_ _ _ Moen Std. day. _Mom td. day. _ n_ Std. dev.

12 O.111 2.3 - 5.87 2.ý4 - 2.79 5.o0

"W 24 0.70 5.53 - 7.50 3.60 - 5.84 8.34

56 1.55 41.521 -10.87 4.", - 8.56 11.20

12 1.86 2.11 - 2.95 2.64 - 2.75 7.31

WE 24 3.415 2.12 - 5.66 4.67 - 3.5 10.80

36 21.72 5.-6 - 8.51 6.70 - 2.85 13.743 12 1.90 2.09 - 41.9e 2.112 - 5.143 5.119

Sw 22•, .o5 3.32 - 9.78 4.1." -10.99 9.26

3 36 6.58 4.7M -¶1.16 5.94 -12.87 11.57

12 2.43 2.58 - 5.20 3.06 - ,.82 6.59

SE 241 2.79 3.89 -10.56 5.12 - 8.91 9.77

1 56 7.415 5.51 -11.58 7.07 -12.05 12.59

12 1.55 2.419 - 3.97 2.79 - 3.61 6.44

All 22 3.13 4.io - 7.69 41.83 - 6.411 10.20

1. 56 2.77 5.56 -11.11 6.79 - 8.05 13.412

*Negotive values represent deepening.
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The more mature cyclones, which dominate the northeastern and southeastern zoues,

have central pressures of 987 and 996 mb, respectively. The four 12-hr pressure-change

charts (Fig. 3-10) have similar isallobaric characteristics-a katallobaric center about

i one grid interval east and an anallobaric center about four grid intervals west. At 500 mb

(Fig. 3-11), the height contours have larger amplitude in the two northern zones than in

the southern. The same can be said for the 1000-500-mb thickness field (Fig. 3-13).

The absolute values of the thickness contours are about 1000 ft lower in the northern zones

I than the southern, which is simply a reflection of the temperature variation with latitude

in the troposphere. There is similarity among the 500-mb height-change charts (Fig. 3-12).

The center of maximum falls is near or slightly west of the cyclone center. The rather

small magnitudes of both maxima and minima can be accounted for only by the apparent

variability in location of the rise and fall centers among individual cases, tending to damp

them in the mean. The 12-hr thickness change for the 1000-500-mb layer (Fig. 3-14) is

proportional to the changes in mean temperature for the layer. Furthermore, it is likely

that this temperature change provides a rough estimate of thermal advection for the layer.

In the mean-thickness-change maps, negative values refer to cold advection and positive

values to warm. Of particular interest is the contrast between the cyclones in the south-

western and northeastern zones of Fig. 3-14. The former, due to its geographical location,

may be thought of as a young cyclone, and the latter a mature one. Note how the axis
between the centers of cold and warm advection shifts from an east-west orientation in the

southwestern zone to a northeast-southwest orientation in the northeastern zone. This is

consistent with life-cycle cyclone models, in which the mature cyclone has polar air pene-

trating equatorward to its rear and warm air being transported poleward in advance of it.

3.2.2 Results of Using Both Surface and Upper-air Predictors

Regression equations were derived for the four zones separately and, as in the

experiment with European cyclones, the unstratified sample of the entire area was also

L screened. The predictands and possible predictors are the same as were used for Europe

(Tables 2-2 and 2-3).

L The results of the screening regression are listed in Tables 3-10 and 3-11.

Table 3-10 lists the selected predictors, in order of their selection by the screening

3
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TALI 5-10
It SELCD W I V S cW AMII inMWSSION

FR VINE CYCLNES OVERM ASIA*

(a) NMrthWeat n gone

ForecastZ
Int erv al, Ord er of J'

0 il r1ctIo %r•

I Predictor red. Predictor red. Predictor red.

1st z(15,5) 51.2 2(15,9) 10.5 4P( 9,) 9.7

2nd V(9,7) 5.6 H( 7,1) 7.7 0 6.6

3r Z (11,7) 5.9 Z( 7,7) 6.1

kfh- . &P( 9,9) 3.5

"5th . P( 3,3) 2.8

12 6th . - 1 ,95) 2.4

7th &P(15,5) 2.8

8th &4( 9,71 2.0

9th - p( 7,5) 1.11

10th - P(0O.5) 1.7

iIth 0 -15i,) 5.7

Total 36.8 25.9 42-.7

1st 7(15,3) 12.2 z(15,9) 18.6 P05,9) 15.1

2id 7(7,9) 7.3 H( 7,1) 10.4 P( 3,7) 9.7
3rd H(13,7) 3.3 H(1 1, 7) 7.4 aP( 9.3) 5.7

24th P(II,1) 2.6 67( 5,9) 11.3 H(11,10 1.8

5th P( ,97) 2.6 OP(11,7) 2.7 H( 9.5) 5.7

6th ( 3,9) 3.4 .aZ( 7,5) 2.9 P(10,) 3.-3

7th -- p(115,) 6.1

8th 2(- 5(,9) 2.7

Total 61.4 116.5 5•,41

lit 7(15,3) 46.1 7(15,9) 23.5 P(05,9) 16.0

2nd Z(7,9) 9.3 Z(7,3) 7.8 P( 5,7) 11.7

3rd H(15,7) 4.3 Z( 11,7) 6.9 P(l0,5) 6.1

11th &H(l1 3,) 3.0 P( 9,) 7.7

56 5th &P( 9,9) 2.5 Ap(11,7) 11.5

6th a( 5,5) 2.0 A 3.7

7th . - 1P(11,3) 3.3

8th Z Z( 9,7) 2.1

9oh s I 9thz( 5,1) 1.5

Totl 67.2 38.2 19. 1

*including upper-elr data.
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11 4
(b) Nw"f w*n Some

It OI ler of
"PredIto red. I•led P". " Predto red.

Ind z( Vo7) 17.3 z(11,7) 14.6 Po,,) 11.6

3rd I 5.3) 1. - P(1S,) 7.4
kth P( 9,7) 1.3 I . ( ) 4.6
3th P(11.3) 1.7 P( 30) 2.1

I Ph 14 7.9) 1.8. .

Total 30.6 39.7 41.9

lot Z(13,5) 30.3 Z( 9,-,) E9.41 AP( 9.3) 26.1

I nd Z( 9,7) 21.3 Z(15,7) lh.5 "(11,1) 5.9
S3rd (11,7) 1.$ "(131o) 2.3 z(11,9) 3.6

k 1th P(13,3) 2.1 P( 3,3) 1.7 P(1o,5) 7.8

5th Z(90l-) 1.5 P( 9,) 2.2 P(Tr,3) 5.7

6th 5154,) 1.4 - 5.7) 1.3
Yth 2.1 - 6PO(1I,5) 1.2

Tot• • 60.7 _0.1 57.9

Ind Z(9,?) 2.1 z(1,9) 2.2 P(1o25) 10.9
3rd Z(15,7) 2.7 P(13,7) 2.5 &P(1, 3) .6Jkth P(O1,9) 2.3 Z(l3.3) 1.7 P(l,3) 3.1

5th 44 ,) 1.6 14( 9,1) 1.8 14(11,1) 3.1

36 6th &z( 9.9) 1.4 2( 11,9) 3.3
7th P(139,) 1.1 z(3,511) 1.2

8th AN( 9,) 1.1 Z( 9,9) 1.3

9th N( 7,9) 1.1

1Ott 2(5,1) 1.0 . .

11th 1.3 .-

Totel 6.1 45.7 63.3

I3
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(c) Um4thwestern sones

Inter'val Odl of L,' I

h selection __ __ _ __J E
________ Predictor red I Predictor red. PreditCtor red.

lP(II.7) 19.8 Z(11,3) 12.5 ?( 9,5) 18.6

2nd "(13,7) 7.8 H( 5,7) 8.0 7(11,11) 8.1

1 3rd Z( 9,7) 9.3 AP(O3,!) 5.6 &P(11,7) 7.1

11th - 7(11,7) 2.9

th . - z(103,l) 6.8

Tote 1 36.9 35.8 33.8

lt AP(I1,7) 18.9 2(15,11) 13.8 U( 9,3) 15.9

2nd P(11,7) 10.0 P(9,11) 10.3 7(11,11) 9.7

3rd Z(15,7) 8.5 7(3,1) 5.6 P(15,7) 7.5

214 lth 14(7,7) 8.8 &Z(11,7) 2.9 W( 57) 4.9

5th - 7(11,9) 3.1 &P(l1,7) 11.11

6th M- (I 4)1.3 P(13,5) 3A

7th - - P(13,7) 4.1

Tote 1 16.2 40.0 119.9

lst P(1.,7) 18.2 7(15,1) 15.7 7(11.11) 15.7

2Rnd P(15,7) 9.0 7(13,11) 12.0 P(15,7) 7.11

5rd &P( 9,5) 4.7 z( 3,3) 5.0 62( ,7) 5.7

lith 7(10,7) 5.2 67( 7,7) 7.0

3th P( 3,7) 6.8 - -

6th &Z( 9,7) 1.2 .

Tote 1 48.1 .. . 33 5.8

(d) Southeastern zone

Forecast J I 0
Intervel, Order of-T -

hr selection
Predictor red. Predictor re~d. Predictor] 1

Ist P(1507) 19.1 P(1 3,11 ) 16.5 &P( 9,3s) 16.0

12 2nd P(11,7) 10.5 Z( 3,1) 7.2

3rd P(13,3) 6.0 7(11,9) 6.2

Total I 35.6 29•9 16.0
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and P(130?) 12.3 Z( 701) 1042 P(10*5) 3.6
3rd AN( 9,7) 11.6 (89 8.9 &P(1I,1) 8.6

211 11th A(1,387) 41.2 -

Wt Z11,11) 3.9

6h P( 311) 2.6

7th Z(1509) 2.6 8

at" P(I 503) 3.68 --

Totel I _____ MI., ______ 3.2 _ ___ 37.71let W(15,7) 13.2 P(13,11) 23.9 Ap( 9.3) 17.A

and Z(11,9) 16.1 Z(7,11) 111.2 P(0005) 11.3j36 5rd P(11,7) 3.7 2(,11,9) 6.7 &P(14,1) 7*17

4"t (1,053) 7.2 P(13#5) 3.6 Z(13.9) 11.3

5th. P( 907) 41.

Totel ______ 1t 12.5 110.7

Porecest(0) All son"J
I ntervelI Order of 1

hr gelection I ____
_______ Predictor red. Predicto rod. -reIcr red.S

Ist 2(13,5) 23.5 Z( ?(,1) 22.2 aP( 9,5) 111.8

End Z( 707) 12.11 L101mi) 11.7 &P(11,3) 11.7

3rd 2(13,3) 3.6 P(13,5) 1.3 P(10,5) 3.0

11th P(1117) 2.3 2(11,) 1.3 P(11,5) 3.3

pth P(l 305) 2.8 P( 9,3) 1.3 &P( 9,3) 3.2

6th 00(131) 0.9 ap(ti1. ) 1.9 &P( 5,3) 2.0

12 7th &P( 9,7) 0.7 P( 3,3) IA1 1.6

8th P(15,9) 0.7 WZ 7#7) 0.7 &Z( 9,7) 1.6

9th Z( 9,7) 0.6 P1,107) 0.3 2(11,11) 1.2

lo0" P(11,3) o.41 205,11) o.8 APO13,35) 1.0

11th P(10,5) 0.7 .w 5.5 3) 0.9

12th 2( 5m3) 0.3 W Z1317) 0.8

______ 13th ______ 0.66 .

Toal _____ __ ____ 19.7 113.3 110.1

ji.4 41



_______ ________(e) All 4m'

Fcrmeet, Od r of ___ _____ ___

hr slection

lot 70535)- 29.3 V ?,1) 09.4 &p( O's) 2.7~

and 2( 7,7) Ill.8 2(0309) 12.7 1,10111) 6.01

3rd 201,03) 3-4 P(1 3$7) 1Ah l4 9,7) 6.8

lith P(1I,7) 1.9 Z( 9J,) 1.7 1`0005) 2.6

5th P(I 3,5) li.0 Z(1109) 0.7 P~l 1,J) 3.3

7th WZ 9#7) 1.0 WZC 743) 0.8 .E 1.

III ath Z(15,7) 1.0 Z(13.1) 0.6 &P(ii,)) 1.6
9th Z(9,11) 1.0 P( 9, 7) 0.7 2(05,11) 1.1

loth -- PC. 3,3) 0.41 AH 54) 1.1 1
11th - P( 11,3) 0.3 apC 5,3) 0.9

12th -. P( 0.3) 0.6 2( 113) 0.7J

I13th .- P(13,35) 0.7 HO(11.7) 0.9

lkth - 2(11.7) 1.1

______ 15th - . &P( 1. 5) 0.81

Tote1 36.0 51.8 33.3

Is (15,5) 32.6 Z ( 7,1) 29.6 &P( 9,3) 27.1

2nd 2( 7,9) 111.3 Z(13,9) 11.8 P(10,5) 9.7 -

3rd PO(11SO 2.7 14( 11) 1.3 H(11,1) 3.2

kth 14 515) 2.1 P(15,7) 1.0 Z( 9,7) 6.9 1
5+h P(l 3,3) 1.9 Z(13#1) 0.9 2(15,11) 2.7

36 6+h &z( 9,7) 1.7 P( 9,35) 1.3 P(l11,3) 1.9

7th P(l,7) 1.0 2(11,7) 0.9 a1.6

8th 2(15,9) 0.9 2(13,11) 1.0 P( 3,35) 1.2

9th 0 0.6 Z( 3s7) 0.8 0 0.8

10th Z( 5,3) 0.7 -. I437) 0.6

lith 7(15,11) 0.6 ---

Total 59.1 4.0 57.7
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u

procedure, and the percentage of the total variance explained by each. Table 3-11 sum-

marise the initial and residual standard deviations, along with the percent reductions.

One interesting feature of Table 3-10 is that, for a particular predictand, there is

a tendency for the soreeniniregression program to select the same or similar predictors,

whether it be for a lag of 12, 24, or 36 hr. For example, for the northward component of

I displacement (9) in Table 3-10(e), the first predictor selected is Z(15. 5) for all three

time periods. The same holds true for the eastward component (11), for which Z(7, 1) was

I selected first, and central pressure (6), for which AP(9, 3) was selected first. In addition,

several of the second predictors selected are either the same or similar. These pre-

dictors are like those selected for the northern zone of Europe (see Sec. 3.1.2).

Table 3-12 contains the rms errors found in the independent sample. Note that, as

in the case of European cyclones, the unstratified equations compete well with the stratified

equations.

Category m testing on cyclones in Eurasia is being done by an Air Weather Service

(USAF) Weather Central in Japan. Preliminary results on approximately 100 cases for

the 1962-1963 winter season are available and are shown in Table 3-13. The regression

equations for total displacement had smaller rms errors than the Weather Central's

operational forecasts for all three time periods, although the 36-hr rms errors were

nearly equal. For central pressure, the regression method is competitive with the

Central's prediction through 24 hr.

3.2.3 Results of Using Surface Predictors Only

A screening-regression run was made using surface data only, in the same manner

as for the European cyclones. The predictors, in order of their selection, are listed in

Table 3-14. Table 3-15 (dependent sample) shows the percent reduction of variance and

residual standard deviation. Table 3-16 (independent sample) compares the rms errors

involved in including and excluding upper-air data. As in the European test, better results

were obtained when upper-air predictors were included, but the surface-data regression

equations appear to be useful should upper-air data be unavailable.
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TAKE 5.-14PIUDiCTO M $LUTWI I I INUSSiO4
PMi WMlIA OMOLCI Ci ASIAS

Forecast IB
Interval, Order of )

hr election %
Predictor red. Predlctor red. Predictor red.

let P(15,3) 16.2 P(13,ll) 16.5 &P( 9,) 14.8

2nd P( 9,7) 12.5 0 6.9 &P(12,4) N.9

3rd 41.0 P( 9,1 11.11 P(105,) 4,1

hts P(17,9) 2.0 aP(IIs) 3.s P(10,6) 6.6

"5th A 1.7 AP( 8,6) 2.6 p(C 6,2) 2.8

12 61h P(12,4) 1.6 P(12,6) 1.8 A 1.5

7th P( 1,) 1.5 P( 9,5) 2.7 P(1 15) 1.2

8th P(10,6) 1.5 P( 6,2) 1.6 &P(10,5) 1.5

9th P( 9,)5) 1.0 1,7 "P( 3,9) 0.8

loth a(CI.,2) 0.9 .

11th P( 7,1) 0.9

Total 43.8 41.7 39.0
lIt P(15,5) 19.6 P(1,#11) 19.0 &P( 9,3) 2.?.7

2nd P(t0,8) 15.6 0 9.5 0 11.3

3rd P(17,9) 4.3 P(11,1) 8.2 P(C ,3) 3.0

4th 6P( 9,7) 3.1 P(15,7) 3.2 P(l ,11) 2.6 ii
5th 0 2.1 6P(12,2) 2.2 P(00,3) 1.8

6t" P( 1,7) 1.8 P(1,11) 1.4 PC0O,6) 16.3
Ath A 1.7 P( 9,5) 1.1 ap(12,l4) 5.1

2-
8th I.P(15,) 0.9 ,p(12,6) 1.3 A 1.8

9th - P( 5.5) 1.1 &P( 6,2) 1.1 j
10oth 6 ,P( 7,) 1.2 &P( 3,9) 0.9
It . P(12•6) 0.8

12th A P( 9,5) 0.9

-- Tctel 19.1 112.8 31.3q

lst P(17,6) 20.7 P(t3511) 18.5 &P( 9,3) 27.1
2nd P(1,C,8) 11.2 * 10.5 P0I0,5) 9.6

3rd P(15,5) 6.1 P(11,1) 9.9 P(1 ,11) 5.7
4th 0 .2 P(13,7) 2.6 ,P(12,2) 5.6
5th P( 1,7) 2.5 &P(C2,2) 1.2 P(12,6) 2.16

6t+ A 1.7 P( 9,3) 1.0 A•P(o,6) 2.0
P(17 7,9) 1.7 P( 5,) 0.9 4P( 50,) 1.8

8Ot V(P1l46,4) 1.0 "P( 12,6) 1.0 A 1.6

9th P(35,9) 0.8

lCth 6p( 5 09) 0.8

total 169.1 415.6

'EC guJ n; pp*e-ar dote.
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3.3 European Anticyclones

The test on European anticyclones reported herein represents an initial feasibility

test on anticyclones. Although the anticyclone has received recent attention [11J as a

significant feature in a moving-coordinate statistical-prediction model, the form of the

predictand to use is not so obvious as it is in the cyclone problem. An anticyclone

obviously cannot be adequately described simply by its central pressure and location.

The specification of a predictand that describes the shape of an anticyclone or the orienta-

tion of its major axis could be rewarding. For this particular study, the first attempt,

however, was a straightforward application of the technique to predict only displacement

and change in central pressure. 1
The geographical area for which cases were selected is area I of Fig. 2-1, the same

as for European cyclones. In this case, however, no attempt was made at stratification,

nor was there an experiment to use surface predictors only, although, based on results of

surface-data regression for cyclones in Europe and Asia, such an approach seems entirely

within reason.

3.3.1 Synoptic Climatolog

Table 3-17 contains the means and standard deviations of the northward and east-

ward displacements and changes in central pressure for 658 European anticyclones for

TABLE 3-17
CR4,RACTERISTICS OF WINTER ANTICYCLONES OVER EUROPE,

1955-1959 (DEPENDENT SAMPLE)

Northward Eastward Change in
Forecast displacement, displacement, central
interval, dog. lat. dog. lat. pressure, mhh r 11s d e . M a

Mean EStd. sev. Men Std. dev. Mean Std. dev.

12 -0.14,4 2.05 -1.90 2.50 0.40 2.57

24 -0.91 3.29 -3.87 14.47 0.59 4.o6

36 -1 .35 4.26 -5.83 6.37 0.57 5.39
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I
12, 24, and 36 hr. It can be seen that the mean track is roughly east-southeastward at

about 10 knots, with little change in central pressure.

"The mean maps of pressure, height, and thickness are shown in Figs. 3-15 through

3-20. As expected, the features are about reversed from those on the cyclone maps. The

mean central pressure of the anticyclones (Fig. 3-15) is 1032 mb. The 12-hr pressure

I change map (Fig. 3-16) shows a northwest-southeast orientation of isallobaric centers,

with very small magnitudes. At 500 mb (Fig. 3-17), there is a north-south ridge about 380

I km west of the anticyclone. The anticyclone is located in the northwestward flow ahead

of the ridge. Height and thickness rises tend to dominate the 12-hr change maps (Figs.

1 3-18 and 3-20).

3.3.2 Results of Usina Both Surface and Upper-air Predictors

The regression equations for European anticyclones were derived from the entire

data sample (unstratified and containing both surface and upper-air predictors). The

predictors are listed in Table 2-3. The results of the regression analysis are shown in

j Tables 3-18 and 3-19.

In Table 3-18, the first predictor selected by the screening procedure for the

h northward component is the same for all three time periods, Z(13, 5). Its relationship

with the predictand is to favor greater southward displacements the lower the height is.
Here again, there is evidence of a kind of "steering" predictor. For eastward displace-

ment, the central pressure was picked up first for the 24- and 36-hr forecast intervals,

1i and the pressure one grid interval west was selected first for the 12-hr interval. The

relationship is that weaker anticyclones tend to move eastward more rapidly than strong

ones. For central pressure, there was a different 'leading predictor" for each of the

three time periods.

On independent data (Table 3-20), the only comparison currently available is with

the climatology. The regression equations show improvement over climatology for all

I nine predictands.
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TAKI 3.18

_______ M P0 INM A11MWICIM@6S OV M P. _ _______

llltervel, IOrder of- lT -

hr selectionl~ ___ ~
Ep lfr rdPredictor . 1___ Predictor rd

let z10315) 19.1 P( 9,3) 18.1 Ap( 9.5) 17.6

sad am( 9,7) 6.5 &P( 7.7) 6.0 £P(lI I1) 6.7

3rd ap(I 17 2.9 a0(13.7) 3.2 PiO,0.3) 3.3

Ilth 2( 9,3) 2.2 201301) 3.2 0 11.2

2(11.9) 2.3 4( 707) 5.11 P01.,3) 6.1

6t P( 9.3) 1.6 OWi4 9.5) )3.
it 7th 42( 9.9) 1.3 WO 5.2(37) 1.9

0th aP( 3,3) 0.7 A p( 9, 7) 1.2

9th #4(11,7) 0.6 NO 413,S) 1.3

I Oth A 0.9

11th P(901i) 0.9 .- I
12th P(Il.3) 0.9.

13th P( 1.,7) 2.1

Tote1 420. 3.9 6.2

lith, P(15,9) 1.7 P( 5,5) 3.0 PlO0. 5) 3.7

6th Z(5,11) 1.6 z(I 119) 2.1 0 3.3

7th WO(1 13) 1.11 Z(13,1) 2.9 ap( 9.5) 2.7

ath 2( 7.5) 2.1

9th A P( 7#7) 1.4. .

Total 39.6 M167 51.1

lot 2(13.5) 22.7 P(i0,5) 23.7 z( 9.7) 22.2

2"d AN( 9,7) 6.2 aP( 7,5) 7.11 &P( 9,7) l1.3

3rd P(tl.1) 1.8 A 41.1 P(10,3 6.9

11th Z(5,11) 2.3 AP(l I , ) 2.6 .1

3th P(11,9) IA1 Z(13,1) 2.3 ap(13,7) 3.7

6ith AP( 3,3) 1.8 Z(13011) 41.0

1'h (9,11) 1.? P( 3#7) 1.3

8th W2 9,1) 1.1 Z( 9,7) 1.7 1

9th &Z( 9,9) 0.9 2( 9,1) 1.3

I____ lth N( 7,) .1 &Z( 7,7) 1.2

Total 1 1,.5 30.016.

*Including uppe-oir data.

-558



I]u
iii

4zw%

CUV

Nz cuwWN I4c .

U-3 --

4ft W I NLL 
U.% -

w

.L i . 0

4zI 2NC

IfI

.~4W M~57



4.0 FORECAST EXAMPLES

Examples of forecasts prepared for five cases selected from the independent data ]
sample are given here to acquaint the reader with the performance of the various equa-

tions when applied to some rather interesting cases. Representative values of the over-

all accuracy of the equations may be found in the verification statistics (Sec. 3.0) based

on the independent-data test of the entire independent sample. -

4.1 Two European Cyclones

Figure 4-1(a) shows a portion of the surface chart at initial time 00 GCT 30 Jan.

1960. The cyclone of interest is centered in extreme-western U.S.S.R., just east of the

Baltic Sea. The central pressure at forecast time is 1004 mb. The 500-mb chart at the

initial time was marked by moderate to strong zonal flow over central and eastern Europe. )
The observed positions 12, 24, and 36 hr subsequent to forecast time (reading

generally from left to right) are shown as circles in Fig. 4-1(b). Three sets of 12-, 24-, ]
and 36-hr forecasts are also shown: triangles denote the forecasts obtained by the applica-

tion of the equations derived from the unstratified developmental sample; squares denote "

the forecasts based on the stratified (northern-zone in this instance) sample; and "Xse"

denote the forecasts based an equations containing only surface predictors. Observed and 3
forecast central pressures are plotted adjacent to the corresponding observed or forecast

position symbols.

The cyclone under consideration here moved due eastward for the first 12 hr and

then moved east-southeastward for the next 24 hr of the forecast period. The cyclone

slowly deepened; the central pressure had decreased to 998 mb by the end of the forecast

interval.

The eastward, then east-southeastward motion of the cyclone was forecast rather

well by the unstratified and surface-predictor equations and the errors in central pres-

sure were rather small for all three sets of forecasts. Table 4-1 is a summary of the

verification of the 18 forecasts for this case.

Figure 4-2 illustrates the forecast of an intense mature cyclone. At initial time

(00 GCT 18 Dec. 1959), a 966-mb low was centered near the Shetland Islands, due west

of Bergen, Norway. This cyclone moved nearly due eastward for the first 24 hr of the
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forecast period and then moved north-northeastward at about 25 knots for the next 12 hr.

iThis cyclone filled 28 mb in 36 hr.

Both the stratified-sample and surface-predictor equations yielded more accurate

position predictions for 12 and 24 hr than the unstratified-sample equations; however,

the unstratified-sample equations gave the better indication of northward change in course

of the cyclone center toward the end of the forecast period. All three sets of equations

underforecast the 24- and 36-hr observed filling, but appreciable filling was predicted by

all three types of-equations.

4.2 Two Asian Cyclones

Figure 4-3(a) illustrates the surface chart at initial time (12 GCT 5 Jan. 1960) for

one of two Asian cyclone-forecast examples. Figure 4-3(b) illustrates the observed and

forecast tracks of the cyclone.

At initial time, the cyclone was centered just north of Hokkaido, and its central

pressure was 984 mb. During the subsequent 36 hr, the center moved northeastward to

[ the vicinity of the southern tip of Kamchatka and deepened an additional 20 mb. At 500 mb

at initial time, there was a major trough in the westerlies about 10' of longitude west of

the surface cyclone. Strong southwesterly winds prevailed in the mid sind upper tropo-

sphere over the center. The verifications of the forecasts are given In Table 4-3.

Figure 4-4(a) shows the surface chart for 00 GCT 24 Dec. 1959. Forecasts of the

36-hr displacement and change in central pressure were computed for the 1002-mb low

centered about 100 naut mi east of Hokkaido. As in the previous example, the 500-mb

level was marked by a major trough from 10 to 15" of longitude west of the surface low,

with strong southwesterly winds over Japan. In this case, the 500-mb southwesterlies

divided into two distinct maxima, with the associated diffluent zone located over the

surface cyclone. During the ensuing 36 hr, the surface low moved northeastward with an

average speed of about 30 knots and deepened 45 mb!

Figure 4-4(b) shows a plot of the forecast and observed tracks of this rapidly inten-

sifying cyclone. Table 4-4 is a tabulation of the various forecast errors. Each of the sets

of forecasts gave good indications of significant deepening, and the maximum displacement

error for all forecasts was 216 naut mi.
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Fig. A-1(a). First European eyeclone- forecast example. Initial conditions at
mi(CT :;o Lma. 1900. Cyclone is locited at 55.O.N, 22.5'E; central pressure is

l oot 11l).
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I ~ ~~Fig. 4-1(b). Forecast verification. 00borved; Lmufltrtifled prediction; ostra-
if led prediction; xsurface predictors only.

TABLE I4..1
VERIFICATION SUWARY OF CYCLONE SHOW4 IN FIG. 4-1

Forecast Position-vector error, naut ml Central-pressure error,* o
length, -

hr Str6t. Unstrat. Surface Strut. Unstret. Surface
eqs. eqs. date only eqs. eqs. date ounly

12 102 120 36 .i -1 +3
2~4 226 132 60 0 -2 +3

56 '22 78 126 .2 0 Ai

*Central-pressure error equals. predicted central pressure minus observed central
pressure.
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Fig. 4-2(a). Second European cyclone-forecast example. Initial conditions at
00 GCT 18 Dec. 1959. Cyclone Is located at 61.5VN, 2.5'W; central pressure is
966 mb.
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Fig. 4-2(b). Forecast verification. O0bserved: Awistratified prediction, ostrat-
ificd prediction: xsurface predictors only.

1AM~E 14-2
VERIFICATION SURVIARY OF CYCLONE SHOWN IN FIG. 4-2

Forecast Position-vector urror, flout nmi C~entre&l-pressure error,* mb
length, -- *- - ___ --- _ _______hr Strat. IUnstrat. Surface Strat. IUnstrat. ISurfacu 1

eqs. eqs. data only eqs. eqs. dota ori;

12 54 120 108 0 C -1'

24 18 108 90 -6 -4 -

L 36 216 1180 234 -9 ___..12 ....
*Centrol-pressure error equals predicted central pressure minus observedi centra!

pressure.
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Fig. 4-3(b). Forecut verificatio• oO0berved; A&mstratifled prediction; ostrat-
ified prediction; gaurface predictors only.

VERIFICATION SUL'PRY OF CYCLONE SHOWN IN FIG. 14-3

Forecast Position-vector error, naut ml Contral-pressure error,* .b
length,

hr Strat. Unstrat. Surface Strat. Unstrat. Surface
eqs. eqs. date only eqs. eqe. date only

12 1-0 ilk 144 -1 +- 0

214 168 ~ 144 228 -1 +1 0

36 66 78 2140 +10 4-6 +8

I.,CentraI-pressure error equals predllcted central pressure milnus observed central
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Fig. 4-4(a). Second Asian cyclone-forecast example. Initial conditloas at 00 OCT24 Dec. 1959. Cyclone is located at 42.5N, 148.0E; central pressure is 1002 mb.
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i ~VERIFICATION SUNIsRy TAFL b-J 1CO./ 
OF_.C__C so• 'tW IN FIG. l-4

FO r ec a s$ t P O S i t oio n - v e rto r , f lr o u t n i t 

,s b
hr Str 8 t, tnstrat. Surface Stret. Unstret. Suort facSeqs. 

eqs. date only eqs.rqfa~e 
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eOt~- rsure .oul prdc• " eta pr.sur miu osrvdc0to
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Fig. 4-5(a). European anticyclone forecast example. Initial conditions at 00 GCT

19 Mar. 1960. Anticyclone is located at 63.1°, 12.5TE; central pressure is 1038 rob.
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Fig. 4-5(b). Forecast verification. oObserved; Aunstratified prediction; ostrat-
I ified prediction; Xsurface predictors only.

TABLE 4-5
VERIFICATION SU94*RY OF ANTICYCLONE SHOWN IN FIG. 11-5

Forecast Position-vector error, naut m; Control-pressure error,* mb
length,

hr Strat. Unstrat. Surface Strat. Unstrat. Surface
eqs. eqs. data only eqs. eqs• data only

12 66 - -5

24 102 -- 3

36 78 -- 6

4
Central-pressuro error equals predicted central pressure minus observed central

- "pressure.
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4.3 A Europe AntioYclole

only one set of equatiow (unstratified developmental sample) was derived for the

displacement and chang. in central pressure of European anticyclones. Twelve-, 24-,

and 36-hr forecasts are illustrated in Fig. 4-5(b) for the 1038-mb high centered over

Scandinavia at 00 GGT 19 gar. 1960 and illustrated in Fig. 4-5(a). This high-pressure

cell drifted slowly on a rather erratic path for the first 24 hr of the forecast period and

then, during the last 12 hr of the period, moved somewhat more rapidly southeastward

and was centered over western U.S.S.R., just east of the Gulf of Riga, at 12 GCT 20 Mar.

1960.
The forecast track gave a good indication of the acceleration of the center but under-

forecast the increase in central pressure. The vector errors of the 12-, 24-, and 36-hr

position forecasts were 66, 102, and 78 naut. ml, respectively, and the corresponding

errors in the central-pressure forecasts were -3, -3, and -6 nob.
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5.0 SUMMARY AND CONCLUSIONS

Equations for the prediction of 12-, 24-, and 36-br displacements and changes in

central pressure have been derived for Asian cyclones and European cyclones and anti-

I cyclones.

The equations remained stable when applied to an independent data sample.

Preliminary comparisons with subjective forecasts prepared by European and

Asian weather centers indicate that the equations yield results at least as good as thoe

SI obtained subjectively.
Equations applicable to the entire area considered in Europe and to the entire area

considered in Asia produced results at least as good as equations derived for subdivisions

of the areas.
Equations were derived from surface data only for application when upper-air data

are not available. Only a small decrease in accuracy was noted when these equations

were compared with those derived from both surface and upper-air data.

The cyclone-prediction equations have general applicability to cyclones in their

respective regions. A history of the cyclone track is not required, nor are the equations

restricted to any particular synoptic pattern.

Application of the equations is completely objective, and they can be adapted for

use by a weather detachment* or a completely automated weather central.

A useful by-product of the data processing required for the research is a five-

year sample of error-checked hemispheric gridpoint values of surface pressure and

500-mb heights filed in a form suitable for direct electronic data-processing machine

(EDPM) analysis.

*See App. C for worksheets illustrating application at the detachment level.
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6.0 FUTURE INVESTIGATIONS AND EXTENSIONS

Diagnostic studies should be undertaken to establish quantitative relationships

between circulation and weather. These should confirm or refute qualitative relation-

ships suggested in the literature and isolate those pressure-pattern characteristics rich

in weather-predictive information.

The approach should be extended to the investigation of the predictability of

important characteristics isolated in the diagnostic studies and should be followed by

the development of methods for combining the ensemble of significant-feature predictions

to yield predictions of the entire surface-pressure field. It is worth noting that a major

portion of the data required for extending the research to predict the surface-pressure I
field is now error-checked and available on magnetic tape.

Investigations should be conducted to improve the equations presented in this report

by defining new possible predictors with a higher content of predictive information and

developing methods for reducing the errors in estimating predictor values. .
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APPENDIX A. DATA PREPROCESSING

IOne of the major problems encountered when undertaking a statistical problem of

the nature described in this report concerns the data to be used in the investigation.1When the scope of the problem reaches the point at which some 11,000,000 gridpoint values

are extracted manually from analyzed maps, tabulated, and placed on punched cards, there

are going to be errors despite the most careful and systematic error-checking procedures.

The best that can be hoped for is a minimization of "gross" errors. Although the data

I received for this project had already undergone considerable checks for errors, it was felt
necessary to devise additional automatic error-checking procedures and subject the data

to them. Although only a small percentage of additional errors were detected, enough were
found to make the procedures extremely worth while.

I There were two basic data types used in the development of multiple linear-regression

prediction equations for cyclone and anticyclone displacement and intensification over1 Europe and Asia. Basically, these are historical series of weather maps (predictor data)

and summaries of cyclone and anticyclone tracks (predictand data).

I A. 1 Predictor Data

The basic predictor data are from the gridpoint data collection made for Project 433L

at the National Weather Records Center (NWRC) at Asheville, N.C. Pressure-height and

temperature at several levels (including surface, 700 nib, and 500 mb) over the Northern

Hemisphere were read from weather charts analyzed by the National Weather Analysis

Center (NWAC) on a modified JNWP grid of 1020 points. Each map was actually read twice

to eliminate errors. These gridpoint values were tabulated, placed on punched cards, and

finally on IBM-705 magnetic tapes. The final set of data covered a continuous period of{ twice-daily (00- and 12-GCT) analyses from April 1955 to March 1960, a complete five-year

sample. For the three fields of interest in significant-feature studies, sea-level pressure,

700-mb height, and 500-mb height, this involved more than 11,000,000 numbers. For a

detailed description of the 433L gridpoint data-extraction procedures and card-tape formats,

the reader is referred to the Reference Manual for Climatic Data Computer Tapes [8].
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A.2 Predictand Data

Cyclone and anticyclone tracke were tabulated from microfilmed NWAC surface 73
analyses. The location (latitude and lorgitude) and central pressure of every winter

(November-March) cyclone over Europe (area I of Fig. 2-1) was plotted at 12-hr inter-

vals for the five winters corresponding to the gridpoint data. This included cyclones

that were either previously or subsequently outside area I. Similar procedures were

used for Asian cyclones and European anticyclones. From these plotted tracks, only

cyclones or anticyclones that were identifiable for 36 hr were tabulated and put on .

punched cards. For those that qualified, the following information was tabulated for

each synoptic time (00 or 12 GCT).

(a) Date and time.

(b) Latitude, longitude, and central pressure (initial time t 0 ). I

(c) Latitude, longitude, and central pressure (t0 + 12 hr).

(d) Latitude, longitude, and central pressure (t0 + 24 hr).

(e) Latitude, longitude, and central pressure (t0 + 36 hr).

The number of cases shown in Table 2-1 is equivalent to the number of cards that

were punched.

With the IBM-705 magnetic tapes and the punched cards of cyclone and anticyclone

tracks available for processing, a variety of computer programs (Table A-i) was written f
at the United Aircraft Corporation Research Laboratory.* These programs and their

sequential use are shown in the flow diagram, Fig. A-1. In detail, the programs were

used as follows.

The first step was to process each of the Asheville IBM-705 grid tapes separately I
by the gridpoint data-conversion and -editing program. Since each tape contained only two

months of grid data, there were 30 tapes in all to cover the full 60-month (five-year) period. ji
This program selects the variables to be processed: sea-level pressure, 700-mb height,

*Cosponsored by the United States Air Force, under the 433L Contract, and the

Federal Aviation Agency, under Contract FAA/BRD-363.
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U TABLE A-i
COMPUTER PROGRAMS

WRITTEN BY'
U I TED AI CRAFT CORPORATION RESEARCH LABORATORY

p Program Function

Gridpoint data Selects gridpoint data of
conversion Interest.U and editing

Checks for gross errors.

I _Converts 705 tape to 7090 tape.

Grid Inserts corrections.
correctioni correction __ Outputs merged tape.

Gridpoint Converts from 3L grid to JNWP

Interpolation grid.

Outputs merged tape.

Predictand Converts locations and central
preprocessor pressure to predictand format.

Outputs on tape.

Significant-feature Generates a tape for screening
preprocessor regression by

(a) selecting maps,

(b) reading maps (transforming
and interpolating grids),

__(c) deriving predictors.
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and 500-mb height. Other variables on the tape, such as heights at other levels (e.g.,

300 mb) and temperatures at all levels, were not processed. Having made this selection,

the program then examined every "map" for gross errors. Differences in values between

g adjacent gridpoints were computed, and a preselected percentage of the largest ones were

printed out, along with appropriate identification. Also, grldpolnts that had missing data

were noted as well as values outside certain specified limits, and printed out. This pro-

gram also converted the selected data and output it onto magnetic tape in a format

I acceptable to the kind of computer to be used for subsequent stages of processing (the

IBM-7090). The output of this program was a set of three 7090 tapes for every one that

I was used as input, each of which contained only information from one level (surface, 700-mb,

or 500-mb) for a two-month period. Thus, the processing of the thirty IBM-705 tapes

i resulted in ninety IBM-7090 tapes.

The next step was very important and was a strictly manual operation. It consisted

of examining the printout of missing and otherwise suspicious gridpoint data. Much of the

data, although printed out, were acceptable due to unusually strong gradients or intense

systems. For example, all sea-level pressures in excess of 1060 mb were printed out.

Many of these were valid because of the Siberian high, for instance. However, there were
Si some pressures between 1090; and 1099 mb that were actually supposed to have been

between 990 and 999 rob, a shown by examination of microfilm maps. The practice then

was to go from the printout to NWAC microfilmed analyses to verify the validity of sus-

picious data. In this way, gross errors were noted, and corrected values were tabulated.

Corrections to missing data were also supplied from examination of microfilmed maps.

It should be emphasized that the grid data received from NWRC were by and large in very

good condition, with the error percentage being extremely small. However, the nature of

the study required even additional scrutiny of the data to eliminate so-called gross errors.

The grldpoint corrections, having been tabulated, were placed on punched cards to be

I used as input to the grid-correction program. All corrections cards for one level for five
years of one month were processed together (e.g., 500-mb heights for five Januaries). The

program inserted the corrections in the proper places and wrote a new tape consisting of

the one level for five years of one month. Thus the program not only inserted the necessary
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corrections but also reduced the number of required tapes from 90 to 36.

The grid format used for the initial data extraction at NWRC was a modified JNWP

grid, in which data were read for every other JNWP gridpoint. It was found desirable to

have data at every JNWP gridpoint to facilitate subsequent computations. The grid-inter-

polation program accomplished this by computing values at the in-between gridpoints by a

least-squares fitting of a quadratic surface, using surrounding data at known gridpoints.

Thus, the program output complete maps on the 1977-point JNWP grid. Another feature

of the program is that it used three tapes as input (e.g., five Januaries of sea-level pres-

sure, 700-mb height, and 500-mb height). It read in the first record (map) from each tape,

which were all for the same time (e.g., 00 OCT 1 Jan. 1956), and output them as the first

three records of the new tape. Hence, the final tape for a month was in chronological order

(i.e., three levels for 00 OCT 1 Jan. 1956, three levels for 12 OCT 1 Jan. 1956, three levels

for 00 GCT 2 Jan. 1956, etc., through 31 Jan. 1960). The result was that data on the 36 tapes

using a modified JNWP grid were now contained on 12 tapes with a full JNWP grid, each

tape representing a complete five-year month. These tapes were then ready to serve as the

basic set of "maps" for prbdictor information.

The predictand data were handled independently of these programs. The predictand-

preprocessor program accepted the punched card input of significant-feature tracks and

computed the two components of displacement and the change in central pressure, which

were the predictand forms desired. This information was then placed on magnetic tape.

An important by-product of this program is a printout of displacements and changes in

central pressure that deviate a great deal from climatology. Thus, an error-checking

procedure was provided, and new punched cards were prepared when errors were noted.

The predictand tape and the predictor tapes were then used as input to the significant-

features areprocessor program. This program generated a tape for screening regression

by selecting cyclones (or anticyclones), "reading" maps, and deriving predictors. It did so

in the following manner. The first cyclone case was determined from the cyclone-tabulation

input. Using the time and date of this case, the gridpoint-data tapes were searched to find

the three data records corresponding to this time (one record for each map of sea-level

pressure, 700-mb height, and 500-mb height) and also for the same three maps 12 hr
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previous to that time. These six records were read into the machine. The neot step was

analogous to superimposing a moving-coordinate grid (centered with respect to the cyclone)

over the fixed-grid system and interpolating data values for gridpoints in the moving-

J coordinate system. The subroutine that computed these locations is the grid-transformation

routine. Whereas the JNWP or 'fixed" grid has 1977 gridpoints, the moving grid has only

221 points. With the use of data at the four surrounding grldpoints of the fixed grid, values

were computed by interpolation at each of the 221 gridpoints of the moving-grid system for

all six maps stored in the machine. The procedure of reading maps into the machine, com-

puting locations of gridpoints, and interpolating data. was accomplished for all cyclones to

3 be considered. Selection and derivation of possible predictors from this newly generated

set of data was then performed. Possible predictors consisted of point values of sea-level

I pressure, 500-mb height, 1000-500-mb thickness, and 12-hour changes of these quantities.

The changes in latitude and longitude (both in degrees of latitude) and central pressure of

3 the cyclone were used as predictanda for 12, 24, and 36 hr.

The results of this series of programs were magnetic tapes that could be used

directly as input to the screening-regression program to derive prediction equations for

cyclones in Europe and Asia and anticyclones in Europe. In addition, useful by-products

included a relatively error-free five-year set of gridpoint data, which can be used for

work on significant features in other seasons, such as cyclones in summer, or for other

meteorological problems.

T8.
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APPENDIX B. PREDICTION EQUATIONS

11 The prediction equations derived from the regression analysis have the form

t -A + A1X +AX + ... + AnXn,, (B-1)

where is the predictand, the A's are constant coefficients derived from the developmental

sample, and the X'a are the predictors selected by the screening procedure.

SEach set of prediction equations consists of nine equations: the three predictands of

northward displacement, eastward displacement, and change in central pressure for the

forecast intervals of 12, 24, and 36 hr.

The pair of numbers that is associated with a given predictor in the equations refers

to the grid location in the (k, 1)-grid system of Fig. 2-2. For convenience, the symbols and

units of the predictands and predictors are repeated in Table B-1.

For operational application, the equations in worksheet form represent a more con-

venient means for solution. An example of such worksheets is shown in Appendix C.

B. 1 European Cyclones

j B.1.1 Equations Using Both Surface and Upper-air Predictors

B. 1.1.1 Northern Zone
IF 12 = 52.9918 + 0.0129Z(15, 5) - 0.0370Z(9, 7) - 0.0591P(5, 1) + 0.0272Z(13, 5)

12]12 w 39.5583 - 0.0233Z(9, 1) + 0.0081Z(13,9) - 0.0538AP(0, 5) - 0.0178Z(13, 1)

+ 0.0268Z(11,7) - 0.0159Z(9,5)

D)12 - 196.012 + O.4022AP(9, 5) - 0.4952P(10, 5) + 0.3473P(11, 5) - 0.1160P(13, 1)
- 0.2024 P(7, 1) + 0.0616AZ(9, 5) - 0.0800A + 0.0377 Z(9, 7)

' 2 4 a 49.9238 + 0.0321Z(15,5) - 0.0608Z(9,7) - 0.0314Z(5, 1) + 0.0422Z(11, 1)

- 0.26430 + 0.0475 P(15, 7) - 0.0306 H(9, 1)

E 71.2974 - 0.0397Z(9,1) + 0.0257Z(13,9) - 0.0340Z(13,1) - 0.0330AZ(9,5)
24 + 0.0266Z(13, 7) - 0.0515P(10, 5) + 0.0104Z(5, 11)

f ) 296.830 + 0.2471AZ(9,5) - 0.4131P(10,5) - 0.1385AH(9,5) - 0.1349A,
24

S+ 0.0652 Z(9, 7)

A36 = - 9.7252 + 0.0530 Z(15, 5) - 0.0753 Z(9, 7) + 0.0270AZ(13, 3) - 0.0364 Z(5, 1)

1. - 0.33100 + 0.1294P(13, 1)
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TABLE 8-1
SY4BOLS AND UNITS USED IN PREDICTION EQUATIONS

(a) Predictends

Symbol Description Unit of
measurement

N Predicted northward displacement Dog. let.

Predicted eastward displacement Deg. lat.*

D Predicted change In central pressure mb

(b) Predictors

Symbol Description Unit of
easureament

P Sea-level pressure mb

&P 12-hr pressure change mb

Z 5O0-mb height 10 ft

&Z 12-hr height change 10 ft

H 1000l 00-imb thickness 10 ft

&H 12-hr thickness change 10 ft

SLatitude of significant feature Deg. let.

A Longitude of significant feature Dog. long.t

*Negative values indicate eastward displacement.
tPositive for W longitude, negative for E longitude.
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I'

*36 " 55.9758 - 0.0591Z(9, 1) + 0.0436 Z(13,9) - 0.0396 Z(13, 1) - 0.0491AZ(9, j)
36 + 0.0232 Z(15, 7)

!536 2 252.359 - 0.0289Z(9,3) + 0.8375AP(9.5) - 0.7384P(10,5) + 0.0893H(9,7)

- 0.0748Z(13, 1) + 0.5178P(11, 5)

B.1.I.2 Southern Zone

12 32.4831 - 0.0637P(7,7) + 0.0374Z(13,3) - 0.0207Z(9,7)

lk 12 -74.4198 + 0.0169Z(11o9) + 0.0755P(5,7) - 0.0187Z(7,1)

f) 12 139.129 + 0.3750AP(9,3) - 0.3095P(10, 5) + 0.1683P(11,7)

A l2 4  75.8769 - 0.1229P(7,5) + 0.0537Z(13,3) - 0.0280Z(9,9) - 0.0350AZ(7,9)

S24 - 157.067 + 0.0383Z(11,9) + 0.1263P(3,7) - 0.0250Z(9,5)

i a24 286.717 - 0.6027P(10,5) + 0.4455AP(9,3) + 0.2411P(11,7) - 0.1061A

+ 0.0414 H(9,9)

I 36 = 132.281 - 0.0439Z(9,9) + 0.0656Z(13,3) - 0.1713P(5,3)

]t36 a - 323.286 + 0.0490Z(13,9) + 0.2245P(5,7)

f 636 - 568.932 - 0.6602P(10, 5) + 0.0521 Z(11, 9) - 0.1046A 1. 0.4314AP(9, 3)

- 0.48101P(3, 3)

B.1.1.3 Both Zones

N 12 = 80.4874 - 0.1099P(7,1) + 0.0444P(13,3) - 0.1008P(9,7) + 0.0198Z(15,5)"1 - 0.0161H(7,7) + 0.0796P(11,3)

-12 53.3866 + 0.0251P(15,9) - 0.0638P(11, 1) + 0.0159P(5,7) - 0.0673AP(7. 5)

- 0.0142Z(9,1) + 0.0237Z(11,7) - 0.1127P(10.5) + 0.1784P(11,5) - 0.0165H(13,3)

+ '0.0088 Z(5,9) - 0.1007 P(9, 5)

]6lZ = 208.903 + 0.3983 lP(9, 5) - 0.5119 P(10, 5) + 0.0370 Z(9, 7) - 0.0894 X
12

+ 0.3955P(11, 5) - 0.1593 P(13, 3) + 0.0371AZ(9, 3)

N24 = 105.753 - 0.1131P(7, 1) + 0.0294P(15,3) - 0.0067P(9,9) + 0.0263Z(15,5)

- 0.0359Z(9,7) + 0.0412Z(11,3) - 0.0355AZ(9,9) - 0.0227H(7,3) - 0.0898P(11,7)

+ 0.0576P(15, 7)

24 a 67.6409 + 0.0313 P(15, 9) - 0.0763 P(11, 1) + 0.0492 P(5, 7) - 0.0253 Z(9, 1)

L - 0.0062 Z(13, 9) - 0.0279AZ(7,5) + 0.0240Z(11,9) - 0.0354H(13,3) + 0.0366Z(13,7)

- 0.0630P(10, 5)

85f.



]24 = 391.755 + 0.3859 AP(9, 5) 0.7520P(10,5) + 0.0551Z(9,7) - 0.1249)X

+ 0.1388 P(1, 3) + 0.4173 P(11, 5) - 0.154P(1,1) + 0.0615&Z(9,5)

+ 0.1603 AP(11, 9)

136 a 53.0587 - 0.1541 P(7, 1) - 0.0500 P(9, 9) + 0.0582 Z(15, 5) - 0.0479 Z(9, 7)

+ 0,1319 P(13, 1) - 0.0453 AZ(9, 9) + 0.0420 AZ(13, 3)

]36 - - 3.9246 + 0.0414P(15,9) - 0.0593P(11, 1) + 0.0800P(5,7) - 0.0275 Z(9, 1)

+ 0.0477Z(13,9) - 0.1078AP(9,5) -- 0.0312Z(13,1) - 0.1411P(9,3) + 0.0993P(13.5)

6 = 496.676 - 0.6125P(10, 5) + 0.5398 AP(9, 5) + 0.0227Z(13,9) - 0.1535 XD36 J
+ 0.0878Z(9,7) + 0.0782AZ(11,3) - 0.0442H(11,3) + 0.0759,&Z(11,7)

B.1.2 Equations Using Surface Predictors Only (Both Zones)

1= 37.880 - 0.1313P(7,1) + 0.0349P(14,4) - 0.0452P(9,7) + 0.1745P(11,3)
12 + 0.0938£P(8, 2) - 0.07100 - 0.1213P(10, 6) + 0.0206P(5, 13) + 0.0335P(17, 7)

It12 = - 65.852 + 0.0332P(15,9) - 0.0872P(il, 1) + 0.0512P(5,7) - 0.1282AP(8,6)

+ 0.0371P(13,5) - 0.1250P(10,5) + 0.1240AP(11,5) + 0.1123P(12,6)

+ 0.0396 P(5, 1)

D 12 = 150.26 + 0.3929 AP(9.5) - 0.5351 P(10,5) + 0.1693 P(11,7) - 0.16120

- 0.0628A + 0.2688 P(10, 4) + 0.1867 lP(11, 5) - 0.0498 P(3, 9)

N24 - 68.515 - 0.2075 P(7, 1) + 0.0392 P(15, 5) - 0.0069 P(11, 9) - 0.1361

+ 0.0561P(7, 13) + 0.1251AP(9,1) + 0.0989P(13,1) - 0.2152P11,7) + 0.0914P(15,7)

+ 0.1276P(11,3) - 0.0446P(7,9) + 0.1138,&P(13,7)

It = - 96.546 + 0.0988 P(15, 9) - 0.2067 P(11, 1) + 0.0345 P(5, 7) - 0.1538 .P(8,6)24
- 0.1887 P(10, 5) + 0.1076P(11, 5) + 0.1566AP(12,4) + 0.1217P(13, 5)

+ 0.0710 P(5, 1)

f)24 = 224.82 + 0.5714 P(9,5) - 0.6890 P(10, 5) + 0.0846P(12, 8) - 0.1958.

+ 0.3841 P(11, 5) - 0.0702 A + 0.2378 AP(11, 3)

1R36 - 93.061 - 0.2107P(7, 1) - 0.0677P(9,9) + 0.2018P(13, 3) + 0.0625P(7, 13)

- 0.16840 - 0.1962P(11, 7) + 0.1266P(17,7) + 0.1936AP(13, 7) - 0.1426AP(9,9)

It36 = - 63.968 + 0.1749 P(15,9) - 0.2642P(11, 1) + 0.1113P(5, 7) - 0.3348P(10,5)

+ 0.3656P(11, 5)
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I)
136 621.36 - 0.6580P(10,5) + 0.6124,&P(9,5) + 0.0090P(13,9) - 0.2006,

+ 0.3248 P(12, 6) - 0.2081P(15, 1) - 0.0904 A - 0.0793 P(5, 13) + 0.2486 AP(II, 3)

B.2 Asian Cyclones

B.2.1 Equations Using Both Surface and Upper-air Predictors

B.2.1.1 Northwestern Zone

N2 = - 31.4556 + 0.0365Z(13.5) - 0.0192Z(9,7)
12

E = - 1.6969 + 0.0052Z(13,9) - 0.0265H(7,1) + 0.0212Z(11,7)

D = - 52.9586 + 0.3259AP(9,3) + 0.306546 + 0.0299Z(7,7) + 0.2310,&P(9.9) -1 0.0688P(3,3) + 0.0748P(15,9) + 0.1712,&P(13, 5) + 0.0364,&H(9,7) - 0.1964&P(7,3

I - 0.3837P(10,5) + 0.3616P(11,5)
N24 = - 169.304 + 0.0379 Z(15, 3) - 0.0224Z(7,9) + 0.0292H(13,7) + 0.1503P(11, 1)

- 0.1169P(9,7) + 0.0547P(3,9)

E = - 10.7959 + 0.0142Z(13,9) - 0.0574H(7, 1) + 0.0489H(11, 7) + 0.0393AZ(5,9)

+ 0.1450&P(11,7) - 0.0368&Z(7,5)

D4 90.2693 + 0.1809P(15,9) - 0.1508P(3,7) + 0.5431&P(9,3) - 0.1095H(11,1)
24

+ 0.0593 H(9, 5) - 0.8853P(10,5) + 0.7945P(11,5) + 0.0344Z(5,9)

N36 = - 97.9147 + 0.0522Z(15,3) - 0.0351Z(7,9) + 0.0382H(13,7) + 0.0456&H(11,3)

- 0.1611&P(9,9) - 0.0459&Z(5,3)

E = - 39.4679 + 0.0305Z(15,9) - 0.0505Z(7,3) + 0.0391Z(11,7)

36D 36 = 442.266 + 0.2597P(15,9) - 0.2037P(3,7) - 0.9115,P(10,5) + 0.5120P(9,3)

+ 0.4123&P(11.7) + 0.3436A + 0.3879&P(11,3) + 0.0805Z(9,7) - 0.1064Z(5, 1)

B.2.1.2 Northeastern Zone

12 = 11.6227 + 0.0363 Z(13, 5) - 0.0166Z(9,7) - 0.0151AH(5,3) - 0.0858P(9.7)
4- 0.0619 P(11, 3) - 0.01341H(7,9)

E2 = 13.8955 - 0.0315Z(9,1) + 0.0235Z(11,7)

f)12 = 218.247 + 0.1788AP(11,3) - 0.4341P(10,5) + 0.3792P(11,7) + 0.3394AP(11,5)

- 0.1664 P(3, 3)

9`- 96.2233 + 0.0417Z(13,5) - 0.0498 Z(9, 7) + 0.0423 H(11, 7) + 0.1084 P(13, 3)

- 0.0174Z(9, 11) - 0.0209H(5, 5) - 0.14950
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234 a 0.5579 - 0.0353Z(9,1) + 0.0651Z(13,7) - 0.0506H(13,5) + 0.1209P(3,3)

- 0.0912P(9, 5)

]624 w 43.1036 + 0.4399AP(9,3) - 0.0530H(11, 1) + 0.0409Z(11.9) - 0.YSSP(10. 5)

+ 0.4279P(11, 3) - 0.0885AH(5, 7) + 0.3330AP(11, 5) + 0.2967P(11, 7)

A 36 - 127.871 + 0.0399Z(13,5) - 0.0061Z(9,7) + 0.0307Z(15.7) - 0.1991P(11,9)
- 0.0179 H(5, 5) - 0.0559 AZ(9, 9) + 0.1168 P(13,5) - 0.0388 Ah(9, 5) - 0.0297 H(7, 9)

- 0.0353Z(3. 1) - 0.1999o

36 = - 74.3317 - 0.1068Z(9, 1) + 0.0267Z(13,9) + 0.1603P(15,7) - 0.0312Z(15,3)

+ 0.0612 H(9, 1)

)36 - 256.719 + 0.4854&P(9,3) - 0.7068P(10,5) + 0.3633AP(11,3) + 0.4300P(13,5)

- 0.1017H(11, 1) - 0.0104Z(11,9) + 0.0453Z(15, 11) + 0.0756Z(9.9)

B.2.1.3 Southwestern Zone

iN12 = - 17.3263 - 0.2242 AP(11,7) + 0.0315H(13,7) - 0.0208Z(9,7)

El2 = 53.4754 + 0.0118Z(11, 11) - 0.0218H(5, 7) + 0.2077AP(13, 5) + 0.0347Z(11, 7)

- 0.0535Z(13, 1)

D)12 = - 67.4397 + 0.1038AZ(9, 5) + 0.0380Z(11, 11) + 0.3936AP(11, 7)

N 24 - 158.162 - 0.3092 :P(11, 7) - 0.18911P(11, 7) + 0.0467Z(15, 7) - 0.0279H(7, 7)

24 = 126.452 + 0.0173Z(15, 11) + 0.0603P(9, 11) - 0.0730Z(3,1) + 0.0735&Z(11, 7)

+ 0.0307 Z(11, 9) - 0.0738 Z(15, 1)

D 321.998 + 0.1839 AZ(9, 5) + 0.0531Z(11, 11) - 0.4428 P(15, 7) - 0.1467 AZ(5, 7)
24

+ 0.97701P(11,7) - 0.4673P(10,5) + 0.4943P(13,7)

N36 17.4652 - 0.3254P(11, 7) + 0.0621P(15, 7) - 0.3407AP(9, 5) + 0.0468Z(15, 7)

+ 0.1645P(3, 7) - 0.0867AZ(9, 7)

E 36 265.246 - 0.1202Z(15, 1) + 0.0573Z(13, 11) - 0.0779Z(3,3)

N36 = 359.260 + 0.0954Z(11, 11) - 0.5253P(15, 7) - 0.3533AZ(5, 7) + 0.2859AZ(7, 7)

B.2.1.4 Southeastern Zone

- - 105.598 + 0.1344P(15,7) - 0.1610P(11,7) + 0.1325P(13,3)
12

12 - 35.9840 + 0.0221 P(13, 11) - 0.0573 Z(5, 1) + 0.0261Z(11,9)
D - - 3.5849 + 0.5958AP(9,3)

12
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*24 - 302.042 + 0.3830P(15, 7) - 0.4204P(13, 7) - 0.2458 AP(9, 7) + 0.2044AP(13, 7)
- 0.0409AZ(11. 11) + 0.1164P(3,7) + 0.0226Z(15,9) + 0.1816P(15,3)

24 a 44.9139 + 0.0480P(13, 11) - 0.1035Z(7,1) + 0.0534Z(11,9)

D24 = 357.931 + 0.8334AP(9,3) - 0.3643P(I0,5) + 1.1836&P(11, 1)

N6 * - 94.7719 + 0.0609Z(15,7) - 0.0309Z(11,9) - 0.2741P(11,7) + 0.3170P(15,3)
36

E36 - 65.7869 + 0.0394P(13, 11) - 0.1757 Z(7, 1) + 0.0771Z(11,9) + 0.3502P(13,5)

- 0.2724 P(9, 7)

5 =36 f 551.109 + 0.7557,P(9,3) - 0.6709P(10.5) + 1.4226&P(11, 1) + 0.0623Z(13,9)

B.2.1.5 All Zones

12 = - 22.7440 + 0.0031Z(15.5) - 0.0051Z(7,7) + 0.0275Z(13,5) - 0.1019P(11,7)

+ 0.0362P(13,5) + 0.0375"P(13, 1) - 0.0528A.P(9,7) + 0.0257P(15,9) - 0.0136Z(9,7)

4- O.I1OOP(11,3) - 0.0413P(10,5) - 0.0092Z(5,3) - 0.05410

UE = - 48.4427 - 0.0118Z(7, I) + 0.0139Z(11, 9) + 0.0874P(13,5) - 0.0147Z(11, 1)

- 0.1408P(9,5) + 0.0970P(II,5) + 0.0536P(5,3) - 0.0160AZ(7,7) + 0.0578P(11,7)

+ 0.0059 Z(15, 11)

D12 D 125.7i7 + 0.1680AP(9,3) + 0.2612AP(U1,3) - 0.5793P(10.5) + 0.4346P(11,5)

Ii + 0.1997 AP(9, 5) - 0.2778 AP(5, 3) + 0.0955A + 0.0599 AZ(9. 7) + 0.0169 Z(11, 11)
+ 0.12814P(13,5) - 0.0423&H(5,5) - 0.0371AZ(13,7)

N2 4 = 13.1651 + 0.0215Z(15,5) - 0.0170Z(7,7) + 0.0218Z(11,3) - 0.1677P(11.7)

+ 0.1289P(13,5) - 0.0186Z(5,3) - 0.0312AZ(9,7) + 0.0186Z(15,7) - 0.0116Z(9, 11)

E - 59.9832 - 0.0191Z(7,1) - 0.0049Z(13,9) + 0.0958P(13,7) - 0.0183Z(9,3)

+ 0.0324Z(11,9) + 0.0143Z(15, 11) - 0.0228AZ(7,5) - 0.0193Z(13, 1) - 0.0660P(9,7)

+ 0.0882P(5,5) + 0.1150AP(11,5) - 0.1289 P(9, 5) + 0.0935P(13,5)

I524 651.448 + 0.5199 AP(9,3) - 0.1270H(11, 1) + 0.0637 H(9, 7) - 0.8334P(10, 5)

+ 0.1907P(11,5) + 0.2060AP(9,7) + 0.1144h + 0.1316AP(11,3) + 0.0341Z(15,11)

- 0.0542&H(5,7) - 0.3040AP(5,3) + 0.0828Z(11,3) - 0.1502H(11,7) + 0.0998Z(11,7)

* 0.2869AP(11, 5)

36 49.6274 + 0.0471Z(15,5) - 0.0205Z(7,9) - 0.1116P(11,9) - 0.0124H(5,5)

+ 0.1872P(13,5) - 0.04774Z(9,7) - 0.1220P(11,7) + 0.0264Z(15,9) - 0.15060

0- .0207Z(5,3) - 0.0167Z(15, 11)
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ri

*36 85.2273 0.0239Z(7,1) 0.0028Z(13,9) -0.0472H(7.) + 0.1146P(15,7)
-0.0481Z(13, 1) - 0.*1566P(0,5) + 0.0440 Z(11, 7) + 0.0310Z(13, 11) + 0.0194Z(3,7)

5 470.246 + 0.7513AP(9, 3) - 0.7542P(10, 5) - 0.0975H(11, 1) + 0.0832Z(9. 7)
36

+ 0.0587 Z(15. 11) + 0.4251P(11 ,3) + 0.2082.\ - 0.2011 P(5, 5) + 0.3159#

- 0.0618AH(5, 7)

B.2.2 Equations Using Surface Predictors Only (All Zones)

I 12 = - 97.697 + 0.0686P(15,5) - 0.0416P(9,7) - 0.0848# + 0.0283P(17,9) - 0.0276X

+ 0.1276P(12,4) + 0.0633P(1,3) - 0.2061P(10,6) + 0.1119P(9,5) + 0.0667AP(10,2

- 0.0551P(7, 1) ]
It12 = 16.153 + 0.0513P(13, 11) + 0.0818# - 0.1183P(9, 1) + 0.0738 AP(11,3)

0.0579 AP(8, 6) + 0.1327 P(12, 6) - 0.1443 P(9, 5) + 0.0870 P(6, 2) + 0.0904 LP(11, !

6D12 = 78.857 + 0.3324&.P(9.3) + 0.2617&P(12,4) - 0.7230P(10, 5) + 0.2674P(10,6)

- 0.3066AP(6, 2) + 0.0661A + 0.3808P(11, 5) + 0.1942AP(10, 5) + 0.123.0P(3, 9)

A - 171.36 + 0.1917P(15,5) - 0.1505P(10,8) + 0.0623P(17,9) - 0.1088AP(9,7)
24

- 0.11456 + 0.0657P(1,7) - 0.0477 X + 0.0913 AP(13, 3)

S24 - 34.132 + 0.0769P(13, 11) + 0.17880 - 0.1993P(11, 1) + 0.1447P(13,7)

+ 0.1444*AP(12,2) + 0.0430P(17, 11) - 0.1527P(9,5) + 0.1373P(12. 6) + 0.1053P! "

- 0.1184 AP(7, 5)

1524 - 275.08 + 0.5172AP(9,3) + 0.15730 - 0.1775P(3,3) + 0.0834P(15,11) - 0.8181F

+ 0.3756P(10,6) + 0.4929&P(12,4) + 0.1132A - 0.3627AP(6,2) + 0.1972 KP(3,9)

+ 0.2643P(12.6) + 0.2361AP(9,5)

A - 237.67 + 0.0367P(17,7) - 0.2026P(10,8) + 0.2274P(15,5) - 0.20130 + 0.10031
- 0.0651A, + 0.0754P(17,9) + 0.1184AP(14,4)

36 = 78.152 + 0.1242P(15,11) + 0.28540 - 0.2789P(11,1) + 0.1929P(13,7)

+ 0.1747,P(12,2) - 0.2679P(9.3) + 0.1292P(5.3) + 0.1463AP(12,6)

10 - 434.10 + 0.6815AP(9,3) - 0.9251P(10, 5) + 0.1705P(15, 11) + 0.5924AP(12,2)
36

+ 0.4921P(12,6) + 0.3894,P(10,6) - 0.4649AP(5,3) + 0.1711A - 0.1558P(5,9)

+ 0.2665AP(5,9)
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53 &Murs Anticyclones

IL3.1 EZaUos Usi•g Both Surface and UDper-air Proictors (Both Zones)

1 12.7498 + 0.0213 Z(13, 5) + 0.0740AP(9,7) + 0.0746AP(l1,7) - 0.0129Z(9,3)
12

+ 0.0091 Z(11. 9) - 0.1334AP(9.3) + 0.015sAZ(9,9) - 0.0405,P(5, 5) - 0.0105H(11, 7)

+ 0.0121X - 0.0197P(9, 11) - 0.1114P(11,3) + 0.1059P(11,7)

t 12 - 85.2348 + 0.0837P(9, 5) + 0.1579 &P(7, 7) - 0.0979 &P(13, 7) - 0.0216Z(13, 1)

+ 0.0211H(7. 1)

f1 = 122.741 + 0.2811AP(9,5) + 0.1235AP(11,7) - 0.4506P(10,5) + 0.0695#

+ 0.3461 P(11, 5) + 0.0449AH(9. 5) + 0.0158AZ(15 7) + 0.1208AP(9.7) - 0.0097H(13,3)

f24 13.2920 + 0.0251Z(13,5) + 0.2113AP(9,7) + 0.1004 I(11,9) + 0.0434P(15,9)

- 0.0894P(1l, 1) - 0.0071Z(5,11) - 0.1539AP(11,3)

t *24 a 70.3194 + 0.1549P(10, 5) + 0.2875AP(7, 5) - 0.1661AP(11, 5) - 0.1026P(5.5)

- 0.1060AP(13.9) + 0.0112Z(11,9) - 0.0332Z(13,1) + 0.0289Z(7.5) + 0.1619AP(7.7)

)24 = 201.067 + 0.2287AP(11,7) - 0.0154Z(9.5) + 0.2262 AP(9.7) - 0.6209P(10,5)

+ 0.4493P(11,5) + 0.12800 + 0.3399 P(9, 5)i36 75.5539 + 0.0449Z(13, 5) + 0.2304AP(9.7) - 0.1739P(11, 1) - 0.0035Z(5, 11)
+ 0.1337P(11,9) - 0.1170AP(5,5) - 0.0760P(9,11) - 0.0429AZ(9.1)

+ 0.0351AZ(9,9) - 0.0191H(7,7)

36 - 133.905 + 0.1773P(10, 5) + 0.3652 AP(7, 5) + 0.0561X - 0.1780 AP(11, 7)

"- 0.0338 Z(13, 1) + 0.0227 Z(13, 11) - 0.0500 P(3, 7) + 0.0461Z(9, 7) - 0.0344 Z(9, 1)

+ 0.0542 AZ(7, 7)

f) 359.208 - 0.0210Z(9, 7) + 0.6058AP(9, 7) - 0.3184P(10, 5) + 0.17770
36

+ 0.2401AP(13,7)

B.3.2 Equations Using Surface Predictors Only (Both Zones)
Not computed.
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"APPENDIX C. PROCEDURE FOR OPERATIONAL PREDICTION

II[[ C.1 Construction of Worksheets

The following example demonstrates the procedure for making an operational fore-

Ii cast of the displacement and change in central pressure of European cyclones for 12, 24,

and 36 hr. The case to be illustrated is hypothetical, but should give a general idea of how

worksheets for other equations can be derived.

For this example, the unstratified European set of equations was chosen (see Sec.

B.I.l.3). In addition to arranging the predictors on the worksheets in a form convenient for

tabulation and computation, the following types of modifications are desirable in preparing

worksheets.

(a) Transform the predictands so that the final result of the computation yields the

forecast latitude, longitude, and central pressure. This can be done easily by adding the

1 initial latitude and central pressure to the A- and 6-equations of Appendix B, which in

effect is making these initial conditions predictors multiplied by a coefficient of 1. If an

initial condition is already a predictor, its coefficient is modified by adding 1.000 to it.

Thus for 612 (12-hr prediction of central pressure), P(10, 5), which has a coefficient of

-0.5119 in Sec. B.l.l.3, becomes +0.4881. The longitude is a little more involved. There,

it is necessary to convert the result from degrees of latitude to degrees of longitude before

|1 1 adding on the initial longitude. Thus the final longitude can be expressed by

Forecast longitude - A + sec 2 , (C-i)

where A is the initial longitude in degrees of longitude (negative if east longitude), P. is the

predicted eastward displacement in degrees of latitude, 0 is the initial latitude in degrees

of latitude, and F is the forecast latitude in degrees of latitude.

(b) Transform 500-mb height and 1000-500-mb thickness predictors by eliminating

the ten-thousands digit from them. This leaves a three-digit number (thousands, hundreds,

and tens of feet), which facilitates computations. This transformation will cause the con-

stant additive term of an equation involving height or thickness to change. Note that no

such transformations are necessary for height or thickness changes.
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(c) When a 1000-500-mb thickness chart is unavailable, the predictor can be com-

puted accurately enough by converting the sea-level pressure to 1000-mb height by use

of the hypsometric formula. If a mean temperature of 0WC between the surface and

1000 mb is assumed (which is reasonable for winter situations), the following equation

can be used:

H a Z - 2.62(P - 1000), (C-2)

where H is the 1000-500-mb thickness in tens of feet, Z is the 500-mb height in tens of

feet, and P is the sea-level pressure in millibars.

Construction of a grid overlay similar to that in Fig. 2-2 may be facilitated by

recalling that the grid has the same spacing between points as the JNWP grid, i.e., 1 in.

on a polar-stereographic projection, with standard parallel at 60N for a map scale of

1:15,000,000.

C.2 Use of Worksheets

C.2. 1 Data-tabulation Worksheet

Using the grid overlay to locate the appropriate points, enter the sea-level pressures

and 500-mb heights from the current charts (in the correct units and format) under t0 .

[To position the grid overlay, place the point (k, 1) - (10, 5) over the t0 -position of the

cyclone, and orient so that the line k = 10 coincides with the meridian passing through the

t0 -position.

Determine the t 12 entries for the required points from the 12-hr-old charts.

[Maintain the gridpoint (k, 1) - (10, 5) over the t0 -position of the cyclone; the values recorded

for t- 1 2 are to be used to obtain time changes of heights and pressures at the several points.

Determine the necessary A's.

Determine the 1000-500-mb thicknesses at the required points either by using the

formulae given at the bottom of the page or by reading the values directly from the analyzed

1000-500-mb thickness chart (using the grid as an overlay) or from a nomogram.

C.2.2 Prediction Worksheets

Enter on each of the three prediction worksheets the appropriate parameters from the

data-tabulation worksheet.

94



II

II _________.__ _____s__ 1__ __________

SIInlIWA6 "PUDaCm 500U F48 DICTUS

to !t& to t

1&,,(0) A - z(9,1) JL&E
!,("7,1) .LQUL"

j( Pi,0 .JALL Z( 7,3) .U.L7K(11,1) -Io'/)) 1•

F(13,1) LthL 2(9,3) JAL-. aa. -7
"K 713) J.AL Z(11,3) ,I,2. J .USP(9,3) 11 33 UP019•3) .L.._AL

P(13,3) .L21L Z( 7,5) JAL. A. O J.

P ( 7 , S) .J oJ U .* 0 11. .Z 5 15)UL IP(59,S) JA&L 16z( a,5)
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lI. Thn...es (,000-500 NO) Pr•ator.

H( 7,3) a z( 7,3) - 2.62 ' 7,•) - 1000] - Iq
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Fig. C-1. Data-tabulation worksheet.
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1W3AUA 0TCOC, DZOTXIO (12 NOVA)
% z 196.._ 1

LATZTUUX wLMB

lat($.) .A.LLX 1.0000- P(,9) .J X .o0.060. _

P( ?,I) Jaj.,L. 0.0 796- __,.-- -

P(13,3) 10 1 X 00, - _ P(oX) ,.LQ266. -0.1127-... _ !

P( 9,7) LQ & I .o.IOU - P(l,5) J e 1 1 0. ,7,. a I

z(s5,5) .LIL X 0.01"6 -.__(_ P o7) JALL,! 0.0159-,..
K( 7,7) = .0-.0161 -

aU -r PRODUCTS P(15,9) .L• x o0.0051 .

CONSTANT? ADOIDIV 86,1874 A( 7,5) a i .Xo0.0673 m -

PNKCAStTfl LA.. 3ILL Z( 9,1 ) .*LIJ X .14
1 (,,,7) .1±.. 0.0- 7 -__ I

CENTRAL PRESSUM
z(5,9) ja9.z o.00o6-......

P(13,3) I ML X -0.1593 -( 
-- 0

P(10,5) loci x 0.4661 - - H(13,3) I=- 1 -0.0165 - _-

P010,) J1QA7 X 0.3955 - -SUN OF PRODUCTS -

6P( 9,5) .-.-. 0.39683 _ COAhT AWoI• 55.166

z(7) 9M 'I I o.oIo 0 -0

W 9,3) ' X O.C371-- () Tow -2. 2 1H

l~am (h) M.LLL 1 ..0.0694.-- (2) 1/2 (Im±tlal + fast lat.) ~±i
SU OF PRODUCTS - (3) w (2) •(1). -,IA:L..

CONTANT ADOITZ 245.903
FCST CZNINAL PR3SSIUi .L..L (.) Initial Lostud (W) Ms

(5) FMICAST IMIMu (Ws + W4jJA~J

7GWVAST CONVENTIONAL OR SUDJ6CTIV VMUICAT!IIN

Longitude -________________

Cent. Pressure I I
Fig. C-2. Twelve-hour prediction worksheet.
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IIO 1,7() LQA X -0ID - WZ¶

p(9q La&Z X.0.0067- Z( 9,0) JW X.o07623-.........
PC 71J) _MI X 0.0.012 - Z(13,7) -=~ X .0-093 - -

Z(15,5) -J.l.2 x 0.0263.- -

Z(i9,7) -7LBxL -0.0359a -O (1,9) 4.31L X 0-0213 - -

AtP( 9.9q) JAL X -C0.3557 -1(139) _=&Lt .0.002-3.........

H( 7,3) _7_jL X -. 0227-.. &4( 7s) .... LZ .o-om- -

G' KSTANT ADOITIT il14.653 HOW),) AMg X -0.035514

P(10,5) &LQ~L X028 - (2) 1/2 (Initial + r~st 1st.) .341,A.

i'Oi.3) -.=L-* X Oa173-
AK( 9, 5) *.0 X U.3359 - -(4) Init"l Longit~ude W~)..iL
6P(1I 9) 0 x 0.1605 - -()FCA1 IT~

Z( 9,7) -2f.L 1 0.0551 -

L'~n~0~) L1. -0.170. -
SUN Or P.IOO1CTS

CCIZSTAKT ADDITITA 4,46.855
F^IST C.NTRAL P.1.SUR£

Y~a~cAS cuMrTICIIAL OR SMb&CTX VERfrICATIL'U

Longituds 1.
Cent. Pros"" 00e

F Fig. C-3. Twenty-four-hour prediction worksheet.
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LAT17UEG LanIT i
lat(o) .ALLx I .0000 - 1(19) -WIN X -O09-0"3.,....,

PC7,1) 1"~h 1 .0.1541 -- P( 9j) .jail .z o.0.1411
P(w3,1) fL1LE X 0.1319-- -00 LL -9
P( 9,9) JQL5. X -o.o500 - -Pt,)JM .9)-

Z(15,5) -11Lh x 0.0582.- PC 5.7) .LQLL I 0MOO00 -

zV 9,7) ... 1E.L I -0-00.9 m- P01589) JR&. x 000- i
AIM ,) ... L I O0C420 - -APC 9,S) --..A-. X .0.1078- -1

"SU C PROU-T Z( 9.1) JML X -0.0275 -

PCSICAWT MIA TZIUU 63-35 ZC 3,I) -J AC x 0.01312 -
FORBAST ATITDI 4.14Z(13,9) ALtL x 0.Oi.77-

C.iNTRAL PR&SRZ sm -I AO

P(10,5) loci X 0.3075 -comsTAN ADrrM u1.924~6
6P( 9,5) ..Q..X 0.5398- - (1) TotalI -7, A a
V( 9,7) .3Lx 0.0878 -I
Z(13,9) .ua 0 .0227- (2) 1/2 (Intial + feet let.) 35-

AZO 1,3) -=..L X 0-C702 - (3) "a (2) 1.LQ. 3 i) X -(
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Fig. C-4. Thirty-aix-hour prediction worksheet.
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To determine the forecast latitudes:

I I (a) Compute the products of the individual parameters and their respective

coefficients.
(b) Sum these products. (This can be done simultaneously with computing the

products by using the "Accumulate Multiply" key on most desk calculators.)

(c) Add the "constant additive" to this sum; the total thus derived is, in each case,

I the forecast latitude.

To determine the forecast longitudes:

I (a) Compute the products of the individual parameters and their respective

coefficients.

I (b) Sum these products.

(c) Add the "constant additive" to this sum; enter the total thus derived on line 1 on

the right-hand side of the page. (This is the forecast westward (+) or eastward movement

()in degrees of latitude.

- (d) To convert the forecast movement to degrees of longitude, take one-half of the

sum of the initial latitude (0) and the forecast latitude (determined above). This gives a

mean latitude.

(e) Using a secant table, determine the secant ("sec") of this mean latitude. Enter

the value on line 3 on the right-hand side of the page in the blank following the words " sec

(f) Multiply this secant value by the value entered on line 1, i.e., by the total cited

in (c), above. Enter this product at the far right of line 3.

(g) Enter on line 4 the initial longitude of the cyclone at time t 0 . Note that east

longitude is entered with a minus sign, west longitude with a plus.

(h) Algebraically add together the values on lines 3 and 4, and enter this total on line

5; this is the forecast longitude. (Thus, the value on line 3 is a forecast longitude change;

when added to the original longitude, the forecast longitude is obtained).
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To forecast the central pressure of the cyclone, use the same procedure, but with

values of pressure.

Unusual displacements or changes in pressure should be recomputed.

Enter the forecast latitude, longitude, and central pressure, the conventional or

subjective forecasts, and the verification in the box at the bottom of the page.
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