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A PROJECT TO THE3T THE POTENTIAL USEFULNESS OF

PRISSURI PATTIRIS FOR FORICAGITIG

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 prefitable. Two fundamental steps
in the five-day procedurc are (1) the construction of prognostic
five-day mean pressurc 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 msteorologists in forecasting five-~
day temperature and precipitation anomaliss having given a perfect
forecast of the mean pressure pattern (1.~. having given the obsc rved
pressure patterns). The egstimate of acecuracy of 1nberpr tation will
indicate the upper limit of forecasting achievoment so far as it is
limited at present by ability to interpret mean pressure patterns in
terms of temperaturs and precipitation anomalies, If this limit is
high, the forecasting of prussures would be indicated as the chief
problem of rsscarch. On the other hand, if this limit is low, the
interpretation of pressure pattorns w1ll be indicated to be a subject
worth more investigation. Further investigation might reveal addl—
tional significant relationships betwecen prossurs patt*rns and weather
that would be of valne to the forccasters. On the other hand, further
investigation might disclose only that a relatively swmall amount of
the variation.in surface weather can b2 accounted for by the pressure
pattern and that the forccasters arc alrcady ubilizing the bulk of

the information containud in the pressure pattern. This oxperiment

is not compztent to indicate more than whether crrors,in currcnt
forecasts tend to occur before or after the complotion of the prognos-
tic pressure pattorns.,

Other specific objectives of the exporiment were to obtain an cstimate
of the mean square error of various anomaly forccasts, and to obtain
cstimates of diffarences butween scasons, botwosn forscasters, and

so on,

Proccdure
Tach of threce metoorologist incividually prepar:d tompsraturs and

precipitation anomaly mops for the United 3tates corresponding to
observed five-day mean sca levcl and three kilometer prassure maps
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for sach of six past situabions, thrée in suwrmsr and threc in winter.
Five day periods werd choscn fo® which moan maps had not becon pre-
viously coastructced, The selection of situablons was mawce without
regaré to symoptic consicoiations and no zniormation was lcft on
any of the working charts that would give a clu: to the date of the
charts. The forscastar was givin the name of ths month so he could
take account of clinatologic 11 considcrations in making his
Tha cxporinent was uividoed into two soctions. In Part A, the foro-
caster vwas given the followlig ovscrved charts upon NblPh to basc his
anomaly “for castsi
(1) The tive-day moan sio leval analyzsd map for Worth
amirica for tho puriod concorned, ’

(2) Ths five-day mean thrw ‘kilomztor mmw for. nhw 3ams: A
(3) & map of th; moan virtual tempuraturs of the
botwsen sca lovel and threo Lllowut*ro, and

(L) The sea level and threc
upon thoe abovz maps.

laycr

kllO’vbpr zonal indiczs has:d

after the for:castors compl:ted the anomalv charts using the infor-
mation containcd in Part A, they wer:s given additional infornation
(Fart 3) and made anothor st of anomalics. The additional informa-
tion containzd in Fart B was that obtainad from datn that occurrud at

least forty-cight hour° pr¢or o the five-day period concernsd.  This
included the 10110w1 g:

(1) Daily suriacQ and throe kilomot

sevaen consacutive davs nraced 1ng the forceast period,
the time of the last chart being forty-cight hours before
the beginning of the lqu—d«J neried concernod.

Ler synoptic charts for

(2) The daily isentropic chart and twonty-ILour hour ncan
“surface tumperature deparburs chart corrcsponding to -
the last daily surfasc chart,

(3) Fivé-day mean prassurs naps (sca lzval and tnr,, Yilomstor)
and temporaturs and orV010"+ﬂblon anomaly maps. for the

periods centered soven days and cleven days prlor to
‘the flv\~a1v period conccrned,

(L)  Virtual tsmpcraturp naps, pr;""urc chan~e maps, threc

‘kilomster and sca luvel ind and profilss basac upon
the above charts.

Mforccast.
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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>AnOma1y Forecasts

The anomaly charts prepared by the forecasters were verified and
scored iA the same mannsr as the routine curren% gorecasts. The
exact procedures have been described elsewhere. 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,
. > Deaaar Y e . ~ . . N

no variance seems significant until we come to 5FE, and this may

be discounted because its test variance appears tc be somewhat

subnormal. '

he next apparently significant variance is that for ¥D. If it is
accepted as significant, it means that the effect of the Madditional
data" was appreciably different for different forecasters--that the
forecasters were . not egual in their ability to use the Wadditional
data."

The next apparently sipnificant variance is that for IT. There

can be no doubt as to its significance, and it means that, at
different times in the same season, scores for the two elements
(temperature and precipiation) steod in different relations 1o each
other, sowctimes one rolatively high, sometimes the other.

No other variance appears significant, but F is tested against ™D
which, it inust be remembered, s of somewhat douuvtiul significance,
If it be thought that the variance for FD is largs only.as a result
of random sampling, then F should be tested against the interactions

(1) See H. C. Willett, "Report of the Five-Day Forecasting Procedure,
.+ « 1 Lassachusetts Institute of Technology, Papers in
Fhysical Oceanography and Meteorology, Volume IX, No. 1, 1941,

p. 60. The procedure described therein has oeen MOdelud in the
following manner: Insbvad of giving '\rarylr'r weights to errors
of various magnltudcs, current procedurs is to give unit weight
to all zero errors and zsro weight to all other errors.
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TABLE 1

Verification scores obtained on experimental forecasts.

Weather Fore-  amount, ~ 2 WINTER _ . SUMMER

Element caster of Daba Feb, Dec. A Dec. B  Aug. A  Aug, B June
| SRR OBR b Bn e

A Part a % L7 L7 54 Lo 18 30

Part B st 60 19 57 L1 22 35

B 4 58 63 L5 26 37

2 B 58 1 62 18 27 33

§ C A 62 L2 57 L2 27 25
s B 6 3 7 b 37 58

A A 7 12 65 -3 16 16

B 1 9 56 23 -l 12

5 B A 22 b 71 22 1y 5

1‘:’% B 1k 73 22 3 23

g c A L 25 80 38 28 1

2 B 29 13 75 36 32 52

% Part A - Incomplate

#% Part B - Complete
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TABLE 2

Analysis of Variance of Verification Scores.

Source Symbol Dégrees of Sum of Mean
L _ _Freedom Squares Squares
Season (Winter, Summer) S 1 3607.7% 3807.73
Forecaster (4, B, C) F 2 1970.87 985.L4
Element (Temperature and B 1 5107.2k 5107.24

Precipitation)

Time within season T L l2,72h.29 %181.07
Amount of Data (Parts 4 & B) D 1 . 126.93 126,93
Interactions ST 2 57.1% 28.56
SE 1 6.97 6.97
_ o 2 2,0.80 120,40

FT b 360, Se
Note: The variance ratios BT I, h;gb.;g 12t£~$g

‘and essociated probabilities e

are omitted from this table.
A more complete discussion SD 1 239,068 239,06
showing in greeter detail FD 2 532,57 266.28
the use of“analysis cf var- T 1 0.4, 0.6,
iance in testing the signif- ™ L Qu5.06 26,26
icance of various factors is o v
"reserved for a later paper.

STE 2 316473 158,36
BT & 23%2. 07 29.06
SFD 2 63.75 31.88
SE l 5",92 5592
FED o 20.%2 10.16
FID o 1021, 65 125.21
BTD L L51.9L 112,98
SFED 2 13.27 6.8y
FETD 8 521.07 €5.13
10 53k 5343

TOTAL 71 %%,786.09 - 1,75.86
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of FD with the varigus other elements. dhen this is done, F is un-
dovbtedly significant. ' '
This clearly domonstretes a difference among thie three forccasters,
though it is not clear whether tnat difference is in general ability
or in abllltx to meke use of the "additional data" in revising a
forecast based on the minimum of data. The following table shows

mean scores for each forocaster with the minimum data.and with the
additional data and svora es.

Forcoas tor

A 3 C Average
Minimum deta (Part. A) 29.1 23, 35.9 32,8
Additionel date (Part B) 27.7  32.5 L6.2 35,5
Avorage 28.. 33,0 L41.0 z .1

It may be remarkeod thet a differcrce betwecn temgerature and procipi-
tation should have been cexpeeted, and the failure of this difforence

to appear significant is probably purely a result of the small scale

of the oxferimunt the amount of data colleeted boing simply too
small to demonstrate couvineingly that thore is a difference of
ability to forccnst these two elements.

Wo' come now tq Tthe comparison of the results of this oxperiment to
to the results of past oxporicnco. Taking, for past oxpericnce, the
wihtor scasons of 1940-L41, 19L1-L2, end ‘Ohd—hj, and the summer

_secesons for 1941 cnd 1942, tho following tadble of MeLn” 8 Corss may be
formed.

Temperature Procipitation

Bxperimont Past Exporimont Tast
"Porformance Forformancc

Wintor (Dec-Jan-Fob) 50,1 22,7 32,8 11.6

Summor (Juro-July-Aug) 35.0 17.5 18.8 5.6

In the figurcs given for pest porformance, forccesturs "B and "G
arc sbout cquelly ropressnted. Howover, forccastor "A" made a

relotively small contribution to both thc sunmor and winter figurss.
Sincc both this experimunt and pust porformancs arc agrecd in ranking

these three forccasteors in the order "C", "B", and "A", the figurcs
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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 foreceast.

Taking the figures at their face value, it is clear that a large pro-
portion (of the order of one-half) of errors-in forccasts arc made
subssquent to the 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 pressurs patterns
would have the same opportunity of success, in terms of immediate
improvoment of forecasts, as would efforts to improve the prognostic
pressure patterns. In faet, it has “:on suggested that therc should
be more hope of immediatc progross in interpretation of pressurc ‘
patterns bucause the problem is moro specific and well-dofincd than
the gencral and fundemcntal problem of improving the prognosis of
pressurce patberns. ‘ '

This general conclusion is of intercst, and if it is correct, it

iz of considerable importance. It may be disputed ou soveral grounds.
Onc is that pressurc pattorns suppliod to tico forccasters worc based
on avorage values plottcd at the sornurs of ton-dogroc "squarcs,®
which they rcgard as insufficient, and, pertly as a consoguenco, no
doubt, that the analyscs were unsatisfactory. The limitation %o
ten-degrec "squarcs" camc from resorting to past data, somo of it

50 -0ld that the maps which were then in use were themsclves limited
to ton-dogroc "squarcs." It wac ncoessary to put all maps uscd in
the expoeriment ow this basis so as to give no cluc to the date of
any scquencc. This objection, ard the objeetion to tho analyses,
can be casily overcome in & new oxperiment, of somewhat different:
design. In particular, &n uxpcriment can be arranged to tust also’
the contention that ten-degroc "squarcs" are inadequatc.

Anothur objeetion is to the-interpretation of the results. It has
been maintainced, guitc rightly, that so long as the class limits
used- in verification arc so badly cstimnted as at preoscent,. it is im-
possible ( cxcopt with the aid of chance) to got a scorc of 100,
and hence the scorcs achieved ars much ncarcr to pecrfection than
thoy appoar. Though this objoction is admittedly velid in a quali-
tative sonsc, guantitatively it is wook. Tho uppor limit of scorcs
which can bo reached by skill alonc is almost cortainly higher than
80, in which casc the conclusion drawn abeve nced not bo altorced.
Evon if it wero as low as 60, tho conclusion would be invalidated
only in rcgerd to wintor tomperaturcs.

Othecr objoctions werc made. For cxamplo, one forccastor was of the
opinion thet in the "comploto" dete, the moan isontropic chart would
have been holpful. fowover, thouph some of thosc objoctious arc ob-
‘viously corrcet in form, it is strongly doubted whethor they materially
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weaken the conclusion thet the subjuct of intorprotation of prossurc
paﬁtorns roquires furthor lmvestigation. This dous not guarantoe
thet . progress in forccasting the anomalics will be made. It might
very well turn out thot the maximum that can be accomplishcd from
interpreting pressurc patterns is alrcady attained by the forc-
castors, ond that furthor accomplishmont in: forceasting ability
will comec only ac a result of othor lincs of attack.
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