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Page 3 
Change "21 for two letters" to "2

g
 for two letters"

"2^ for three letters" to "2® for three letters"
"2^ for four letters" to "2" for four letters"

In the last line change the expression

2 (M -v 2) to 2 (M + 2)

page 7 Table III

Change the observed number under sequence length 3 from 90 to 93

Research Paper FR-04

Page 2

Delete the last sentence: "Fronts are shown for the middle 
day of the five-day mean."

Page 3 Table 1

Insert <_ in "Daily Lows
(mbs mean)"

Insert y in "Daily Highs 
(mbs mean)

Page 5

The last line should read, "the paths of the mean centers. 
Figures 1 to 10 bring out these features."

In Figures 1 to 10 insert the legend.

® position of High 
0 position of Low
The figure above the circle is the day of the forecast 
period, e.g. 3 is the 3rd day.
The figure below the circle is the central pressure of 
the High or Low given in mbs., the hundreds and thousands 
figures omitted.
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page 6 Table 7 under "Source"

Change '"Errors'" to "’Error"'

Page 9

The fifth line from the top should read, "the two months, 
S' and A, and , are . . .,"



f A PROJECT TO TEST THE POTENTIAL USEFULNESS 07
pressure patters for forecasting

Horace W. Norton 
Glenn W. Brier 
Roger A. Allen

One of the objectives of the five-day forecasting project has been 
to evaluate individual steps of the forecasting procedure with a view 
to elimination of ineffective tools, the development and more effec­
tive use of tools which prove valuable, and the indication of direc­
tions in which research might be profitable. Two fundamental steps 
in the five-day procedure are (1) the construction of prognostic 
five-day mean pressure charts, and (2) the interpretation of the 
prognostic charts in terms of temperature and precipitation anomalies. 
This report describes an experiment which was designed to test the 
second step of the forecast procedure by estimating the average 
success that can be achieved by meteorologists in forecasting five- 
day temperature and precipitation anomalies having given a perfect 
forecast of the mean pressure pattern (i.e. having given the observed 
pressure patterns). The estimate of accuracy of interpretation will 
indicate the upper limit of forecasting achievement so far as it is 
limited at present by ability to interpret mean pressure patterns in 
terms of temperature and precipitation anomalies. If this limit is 
high, the forecasting of pressures would be indicated as the chief 
problem of research. On the other hand, if this limit is low, the 
interpretation of pressure patterns will be indicated to be a suoject 
worth more investigation. Further investigation might reveal addi­
tional significant relationships between pressure patterns and weather 
that would be of value to the forecasters. On the other hand, further 
investigation might disclose only that a relatively small amount of 
the variation.in surface weather can be accounted for by the pressure 
pattern and that the forecasters are already utilizing the bulk of 
the information contained in the pressure pattern. This experiment 
is not competent to indicate more than whether errors in current 
forecasts tend to occur before or after the completion of the prognos­
tic pressure patterns.

Other specific objectives of the experiment were to obtain an estimate 
of the mean square error of various anomaly forecasts, and to obtain 
estimates of differences between seasons, between forecasters, and 
so on.

Procedure
Each of throe meteorologist individually prepared temperature and 
precipitation anomaly maps for the United States corresponding to 
observed five-day moan sea level and three kilometer pressure maps



for each of six past situations, throe in summer arid thro.; in winter. 
Five day periods were chosen for which moan waps had not been pre­
viously constructed. The selection of situations was naee without 
regard to synoptic consieoiations and no information was loft on 
any of the working charts that would give a clue to the date of the 
charts. The forecaster was givin the name of the month so he could 
take account of climatological considerations in making his "forecast 
The experiment was divided into two sections. In Part a, the fore­
caster whs given the follow!- g observed charts upon which to base his 
anomaly "forecasts";

(1) The five-day mean sea level analysed map for berth 
America for the period concerned,

(2) The five-day moan three 'kilometer map for the same area,
(3) A map of the mean virtual temperature of the layer 

between sea level and three kilometers, and
00 The sea level and three kilometer zonal indices has id 

upon the above maps.

After the forecasters complied the anomaly charts using the infor­
mation contained in Part a, they were given additional information 
(Fart B) and made another sot of anomalies. The additional informa­
tion contained in Part B was that obtained from data that occurred at 
least forty-eight hours prior to the five-day period concerned. This 
included th; following:

(1) Daily surface and three kilometer synoptic charts for 
seven consecutive days preceding the forecast period, 
the time of the last chart being forty-eight hours before 
the beginning of the five-day period concerned.

(2) The daily isentropis chart and twenty-four hour mean 
surface temperature departure chart corresponding to 
the last daily surface chart.

(3) Five-day moan pressure maps (sea level and thro e kilometer) 
and temperature and precipitation anomaly maps, for the 
periods centered seven days and eleven days prior to
the five-day’period concerned.

(h) Virtual temperature naps, pressure change maps, three 
kilometer and sea level indices and profiles based upon 
tb„ above charts.
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The maps and. charts presented in Parts a and B and a sample "fore­
cast" are illustrated by the accompanying diagrams.

Verification of the Anomaly Forecasts

The anomaly charts prepared by the forecasters were verified and 
scored in the same manner as the routine current forecasts. The 
exact procedures have been described elsewhere.W The final 
scores are summarized in Table 1 on the next page. The analysis 
of variance of these forecast scores is given in Table 2 and a 
discussion of the results of the analysis of variance follows.

Results of Analysis of Variance

Proceeding upward in Table 2 from the most complex interactions, 
no variance seems significant until we come to 3FT, and this may 
be discounted because its test variance appears tc be somewhat 
subnormal.

The next apparently significant variance is that for FD. If it is 
accepted as significant, it means that the effect of the "additional 
data" was appreciably different for different forecasters—that the 
forecasters were not equal in their ability to use the "additional 
data.11

The next apparently significant variance is that for ST. There 
can oe no doubt as to its significance, and it means that, at 
different times in the same season, scores for the two elements 
(temperature and precipi&tion) stood in different relations to each 
other, sometimes one relatively high, sometimes the other.

No other variance appears significant, but F is tested against FD 
which, it must be remembered, is of somewhat doubtful significance. 
If it be thought that the variance for FD is large only as a result 
of random sampling, then F should be tested against the interactions

(1) See H. C. Vdllett, "Report of the Five-Day Forecasting Procedure, 
. . . ," Massachusetts Institute of Technology, Papers in
Physical Oceanography and Meteorology, Volume IX, No. 1, 19ld, 
p. 60. The procedure described therein has been modified in the 
following manner: Instead of giving varying weights to errors 
of various magnitudes, current procedure is to give unit weight 
to all zero errors and zero weight to all other errors.



table i

Verification scores obtained on experimental forecasts.
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TABLE 2

Analysis of Variance of Verification Scores.

Source Symbol Degrees of Sum of Mean
Freedom Squares Squares

Season (ifinter, Summer) S 1 3&07.73 3607.73

Forecaster (A, B, C) . F 2 1970.87 985.44

Element (Temperature and E 1 5107.2b 5107.24
Precipitation)

Time within season T 4 12,721;.2$ 3181.07

Amount of Data (parts A ft B) D 1 126.93 126.93

Interactions SF 2 57.13 28.56
SE 1 6.97 6.97
FS 2 2l;0.Q0 120.40

- FT b 360.7lq 45.09 Note: The variance ratios ET 4 1+960.72 1245>18and associated probabilities
are omitted from this table.
A more complete discussion SD l 239.08 239.06
showing in greater detail FD 2 532.57 266.2b
the use of analysis of var- ED 1 0.61+ 0.64
iance in testing the signif­ TD 4 905.06 246.26
icance of various factors is
reserved for a later paper.

SFE 2 316.73 158.36
FET 6 232.67 29.0b

SFD 2 63.75 31.88
SEE 1 3.92 3.92
FED 2 20.32 10.16
FTD ' & 1021.65 125.21
ETD k 1*51.94 112.98

SFED 2 13.27 6.64
FETD 6 521.07 65.13

10 534.34 53-43

TOTAL 71 33,766.09 475.86
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of FD with the. various other elements, When this is done, F is un­
doubtedly significant.

This clearly demonstrates a difference among, the three iorecasteis, 
though' it is not clear whether that difference is in general ability 
or in ability to make use of the "additional data in revising a 
forecast based on the minimum of data. The following table shows 
mean scores for each forecaster with tine minimum data and with the 
additional data and averages.

Forecastor

A 3 C Average

Minimum data (Fart A) 29.1 334 .35-9 32.8

Additional data (Part ) 3, ‘ 27-7 32.5 Lpo.2 35-5

Average 26. h 33.0 J4.1.0 3U.1

It may be remarked that a difference betwee n temperature and precipi-
tation should have been expected, and the failure of this difference 
to appear significant is probably pure In- a result ox the small scale 
of the experiment, the amount of data collected being simply too■ 
small to demonstrate convincingly that there is a difference of 
ability to forecast those two elements.

Wo come now to the comparison of the results, of this experiment to 
to "the results of past experience. Taking, for .past experience, the 
winter seasons of 19U0-U1, l&l-^, and I9h2-k3, and tho summer 
seasons for 19I4.I ana 191+2, tho following table of mean’scores may be
formed.

Temperature

Experiment Fast
Performance

Experiment Fast
Forformanco

Winter (Dcc-Jan-Feb) ^O.l 22.7 32.8 11.6

Summer (Juno-July-Aug) 35*0 17.5 18.8 5.6

xJr ecipitation

In tlic figures given for past performance, forecasters^ B and C 
are about equally represented. However, forecaster A made a 
relatively small contribution to both the summer and winter figures. 
Sinco both this experiment and past performance arc agreed in ranging 
those three forecasters in tho order "C", "B", and "A", tho figures
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for past performance are probably somewhat too high relative to the 
figures resulting from this experiment. Even so, it is obvious (as 
of course it should be) that the elements can be better "forecast" 
when the pressures are known than when the pressures themselves 
must be forecast.

Taking the figures at their face value, it is clear that a large pro­
portion (of the order of one-half) of errors in forecasts .arc made 
subsequent to tho completion of the prognostic pressure maps. The 
scores resulting from this experiment arc so low as to suggest that 
efforts to improve the interpretation of prognostic pressure patterns 
would have tho same opportunity of success, in terms of immediate 
improvement of forecasts, as would efforts to improve tho prognostic 
pressure patterns. In fact, it has ':-on suggested that there should 
oo more hopo of immediate progress in interpretation of pressure 
patterns because tho problem is m.oro specific and wc 11 -dofined than 
the general and fundamental problem of improving tho prognosis of 
pressure patterns.

This general conclusion is of interest, and if it is correct, it 
is of considcrablc importance. It may bo disputed on several grounds. 
One is that pressure patterns supplied to ti.c forecasters were based 
on average values plotted at tho corners of ton-degree "squares," 
which they regard as insufficient, and, partly as a consoqucnco, no 
doubt, that the analyses were unsatisfactory. The limitation to 
tcn-dcgreo "squares" camo from resorting to past data, some of it 
so old that the maps which were then in use wore themselves limited 
to ten-degree "squares." It was necessary to put all maps used in 
the experiment on this basis so as to give no cluo to the dato of 
any sequence. This objection, and the objection to tho analyses, 
can be easily overcome in a now experiment, of somewhat different 
design. In particular, an experiment can be arranged to test also 
the contention that ten-dogroo ''squares'1 arc inadequate.

Another objection is to the-interpretation of the results. It has 
boon maintained, quite rightly, that so lon0 as the class limits 
used in verification sire so badly estimated as at present, it is im­
possible ( except with tho aid of chance) to got a scoro of 100, 
and hence the scores achieved are much nearer to perfection than 
they appear. Though this objection is admittedly valid in a quali­
tative sense, quantitatively it is weak. The upper limit of scores 
which can be reached by skill alone is almost certainly higher than 
80, in which ease the conclusion drawn above need not be altered.
Even if it wore'as low as 60, tho conclusion would be invalidated 
only in regard to winter temperatures.

Other objections w^rc made. For example, one forecaster was ol the 
opinion that in tho "complete" data, the mean isontrepic chart would 
have boon helpful, however, though some of those objections arc ob­
viously correct in form, it is strongly doubted whether they materially
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weaken the conclusion that the subject of interpretation of pressure 
patterns requires further investigation. This does not guarantee 
that progress in forecasting the anomalies will be made. It. might 
very well turn out that the maximum that can be accomplished from 
interpreting pressure patterns is already attained by the fore­
casters, and that further accomplishment in forecasting ability 
will come only as a result of other lines of attack.
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