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ABSTRACT

An analysis of the errors appearing in the terpperature: forecasts
provided by the Atlantic Weather Central and the Central Analysis
Office. for the Atlantic Provinces has been carried out for the period
of)4 November 1969 to 31 JanuaryJ970.

. / ,
ERREURS DANS LES PREVISIONS DE LA TEMPERATURE POUR LES PROVINCES

DE VATLANTIQUE, DU 14 NOVEMBRE 1969 AU 31 JANVIER 1970

par
\.

R. V. Tyner

" /RESUME

L'auteur a fait l'analyse des err~urs dans les pr~visions de la
temperature fournies par Ie Bureau central de meteorologie de.
l'Atlantique et par Ie Bureau central d'analyse pour les provinces de.
llAtlantique couvrant la periode du 14 novembre 1969 au 31 janvier
1970.
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Introduc tion

A verification study of the computer ~pr oduced extreme temperature
forecasts for certain localitie sin the Atlantic Province swas undertaken
at the Hal'tfax Atlantic Weather Central (AtWC) shor.tlyafter the Central
Analysis Office (CAO) began issuing these forecasts. Minimum temper-
ature forecasts for the morning fO,llowing the dayofiss.ue, essentially a
24-hour forecast for the A tWC and an I8-hour forecast :£01" the CAO, and
the maximumtempera'ture forecasts fOl" the next day, approximately a
36-hour forecast for the AtWC and a30-ho.ur forecast for the CAO, were
exarrtined fo determine the relativ~ success of the two,officesin temper-

. ature pred ietion.
, ' .

, The CAO .provides ,computer-producedmlnlmum and maximum tem
perature forecasts for Halifax and Sydney in Nova S,cotia; Charlottetown
in Prince Edward Island; Saint John, Monct6n and Fredericton in New
BrunswicJ-<-; and Gander,.'Stephenville and'St. John's in Newfoundland (1).
Temperature guidance provided by the A tWC cons ists of forecas ts of the
ra'nge of 'minimum temperatures expected tonight in various parts of the
Atlantic Provinces and of the highestmaxirnum temperatures expected
to .be realized tomorrow in several regions of the Atlantic Provinces.

Procedure

In carrying out the analysis of foreca,st er 1"01" s of them lnlmUm tem
perature forecasts, the:average error of the temperature forecasts pro
vided by the CAO for the localities i.n a given province wascom"pared
with the average error of the range of minimum temperatures .forecast
by the AtWC. For th~ maxi~U1n temperature ;forecasts, .the average
error of the temperature forecasts provided by the CAO for the localities

. in a given province was compared with the forecast errorobtai:t;led ,by
'compar ing the highest observ,ed temperature in that province with the

forecast maximum for th~t 1" egion. provided by the AtWC. . .'

The forecasts provided by the t,-vo of~ice's are notstr ietly comparable
since it might be expected that forecast"error's of the minin:lUm tem.pel"
atureobtained by compar ing a forecast tempei-ature range with several
observed minima would exceed the errors obtained from comparing the
ohs,erved and foreea st temperature s at "two or three spec ific site s. Con
ver.selyiit .mightbeexpected that comparing a single forecast maximum
temper.aturefor a reg.ionwith the highest reported temperature in that

'region, would show a 'smaller error -than the average error obtained from
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cOJ;X1paring two or three observed maxima with their fqrecast counter
parts. In other words, intuitively it would seem reasonable to expect
that minimum temperature forecasts provided by the CAO would show
a smaller error than those produced by the AtWC whereas the AtWC
forecasts of maximum temperature might be expected to show a smaller
error than the objective forecasts •

. Temperature forecasts verified for the AtWC were those issued a.t
lZ11Z while the objective forecasts provided by the CAO are ordinarily
available at the AtWC about three hours later. The CAO forecasts are
thus based on more recent data, and it might be expected that this would
lead to improved accuracy over the A tWC forecasts. On the other hand,
the AtWC meteorologists should be able to apply their knowledge of
local peculiarities to the advantage of their foreca.sts.

The choice of AtWC temperature forecasts issued at 1ZllZ and of
the CAO forecasts available at 1530Z was made to ensure as great a
degree of independence as possible in the two sets of forecasts. As' a
check on the' independence of the forecasts, the absolute value of the
difference between the CAO and AtWC forecasts for the same day was
plotted for the 78 corresponding forecasts issued by both offices. The
error differences for the fir st night's (N 1) minimum temperature fore- .
casts for New Brunswick appear in Figure 1. Error difference distr i
butions for the forecasts for the other Atlantic Provinces are very.
'similar. From the figure .it is apparent that few forecasts show a close
correspondence and it would, therefore, seem reasonable to assume a
considerable degree of independence between the two forecasts. 'It is
probable that there is not complete independence since the 4Z-hour and
60-hourtemper ature forecasts is sued the preceding day by the CAO ar.e
available to the AtWC meteorologists at the time of preparation of the
lZ11Z forecast,. . '

Discussion

Average forecasterror s for maximum and minimum temperatures.,
and the standard deviations of those errors, for the Atlantic Provinces
are set out in Table 1. It is apparent t~at, with the exception of forecasts
for Newfoundland and the Nova Scotian minima, where the temperature

. guidance provided by the AtWC was superior to the objective forecasts,
the CAO product shows 'smaller errors than the AtWC temperature
guidance. Frequency diagrams for the error distributions obtained in
the analysis appear in Figures ZA» B» C» D. E. F. G and H, and bear
out the contention that only the temperature forecasts for Newfoundland
show any important difference between the forecasts provided by the
AtWC and the numerically derived forecasts provided by the CAO. It
is apparent from these figures that, with the exception of the N 1 fore
casts for Nova Scotia and the N 1 and D Z forecasts for Newfoundl~nd,

the frequeI1cy of small error s in the objective temperature forecasts is
greater and the ir equency of lar ge error s les s than in .the temper ature
-forecasts .pr.ovided by the AtWC. .
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As a matter of interest, the absolute forecast errors in the tem
perature forecasts based on the AtWC guidance and issued. by the
Maritimes Weather Office for the cities of Halifax and Moncton wen~

also examined. Average error of the forecast minimum temperatures
was 4. 8 0 F. for Halifax, 5. 6°Y. for Moncto:n; •oLt:he forecas~ maximum
temperatures 4. 7 0 F. for Halifax, 5. 20 F. for Moncton. .

The number of occasions when the forecastteTIlperatures were
lower than, higher than, or equal to the observed t~mperature s is set
out in Table 2. As far as the AtWC' forecasts are concerned, there
appears to be no particular bias toward over-estimation or under
estimati'omof the observed temperature, while the objective forecasts
show a definite tendency tou.nder=estimat~ the observed temperature.
In partiCular, consider irig the two events, forecasts lower than observed
and forecasts higher than observed, -it is apparent that the d istr ibution
of the AtWC forecasts obeys the (weak) law of large numbers for this
binomial distribution, which would imply that in the case of the AtWC
forecasts the distribution of high or low forecasts is dictated by chance o" . . ,"

The average forecast err or and standard deviation of the error for
the four numerical forecasts issued daily by the CAO are displayed in
Table 3. In this table, N 1 is the fir st night Ds minimum temperature,
D2the nextday'smaximumtemperature, N 2 the secondnightfs minimum
temperature, and D3 the maximum temper atl.lre for tl;Le third daY,from
the date of issue of the forecast. The small increase in the average
forecast error, and the small variation in the valu~ of the standard
deviation of the forecast error, are worth notice.

The usefulness of the temperature forecasts should not be judged
solelyon the average errorof the forecasts. Of consider able 'importance
'as well, is the frequency of occurrence'of large errors in the forecasts.
In this study the frequencies of errors greater than 7. 9 0 F., greater
than 9. 9 0 F •., and greater than 14. 9 0 F. were compiled. The frequency
of occurrence of these large errors is set out in Table 4.

~

In the range of error between 8 and lOoF., both theobjectivefore
casts and those provided by the AtWC showed approximately the same'
frequency of occurrence - 58 occu.rrences in the objective forecasts,
57 in the AtWC forecasts; while in the range of errors between 10 and
150 F. the number, of occurrences was again very similar: . 59 in the
objective forecasts, 64 in the A tWC forecasts. The comparatively .
large number of forecast errors of 150 F. or more appearing in the
AtWC forecasts was a matter of somesurpr ise.

A plot was made of the day-to-day forecast errors of the two sets
.of forecasts which ind ica'ted that, with the exception of the Newfoundland
forecasts, large forecast errors' are of greater frequency in the AtWC
forecasts, also the magnitude of the large forecast errors is in.most
cases largesLin theAtWC forecasts. An example, the D2 forecasts for
Nova Scotia, is provided. (Figure 3). .
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If we examine the probability that a forecast showing 50 F. or less
of error will be followed by a forecas t with not more than' 50 of error~

and use this probability as a rough measure of the reliability of the
forecasts, it appears' that, with the exception of Newfoundland fore
casts, the objective forecasts are more . likely to show more frequent
runs of forecasts with this. amount of error. Results of this analysis
appear in Table 5•

. The difference between the forecast temperatures and the long-term
climatological mean minimum or maximum temperatures was also
examined for the two sets of forecasts with the results summarized in
Table 6. With the exception of the D Z forecasts for Prince Edward
Island, it would appear that the objective forecasts ar·e more influenced
by the mean temperature than are those of the AtWC. Aplot of the
absolute values of the differences of observed and forecast minimum
temperatures ffom the mean minimum for the N 1 temperature forec~sts

for Prince Edward Island was made (Fig.,4). which shows that the objec
tive forecasts -follow the mean somewhat m.ore closely than do those of
the AtWC.

The average absolute forecasterror,s for ·those situations i'n whkh
the observed minimum or maximum tempera:tures differed by lOoF. or
,more from the climatological mean rriinimu'm ortnaximum temperatures
were also examined, with the results 'being summarized in Table 7 •

. Fo;rthe se unusual situations where it might have been expected that the.
- AtWC forecasts would show a greater 'flexibility in adjusting to' an ex- 
treme temperature sit1.1ation and, thus, smaller forecast errors, the
objective forecasts, with the :exception of those for Newfoundland arid
theN 1 foreca'sts for Nova Scotia, showed a smaller average error than
those provided by the AtWC.

Conclusions

Based on this study, it would appear that the numer ically-produc'ed
temperature forecasts provide temperature guidance for the centres in
the Maritime Provinces which is of equal or better quality than that
provided by the -AtWC. Only in Newfoundland was the AtWC :guidance
superior to that of the obje.ctive· forecasts. In those situations -where
the observed temperature differed considerably from the . mean, the
forecast errors of the objective forecasts were less than those of the
AtWC with the exception of the Newfoundland forecasts and theN 1 fore
casts for Nova Scotia. Large forecast err9rs are somewhatmoreclikely
to occur in the AtWC forecasts than in theoS'jfctive forecasts,\while the
probability of a good forecast following a preceding good forecast is
somewhat less for the AtWC forecasts than for those produced by nu
merical means.

APPROVED.

. J,.:

. >"-...
'. ~~- "

//~
/.~J.R. H. Noble,

.p.'Administr ator.
Canadian MeteorologicalS-ervice.



-,

- 5 -

Reference

1. DMB rnemorandmll of 31 October 1969 on "Objective Temperature
Forecasts from CAO".
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Minimum (N 1) Temperature for New Brunswick
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Table L

TEMPERATURE RORECAST ERRORS

Nova Scotia . Prince Edward New BrunsWick Newfoundland
Island

Min Max Min ··Max Min Ma.x Min Max

Average 5. 8 4. 8 5. 1 5. 8 5. 1 4.9 5. 1 5.8
Error

CAO
Standard 4. 1 4. 23.8 3.4 3. 7 3.7 3. 7 3 .. 2
Deviation

..

Average.
\

Error 5.5 5. 5 6.2 6.6 6.6 5. 8 4.0 4.7

AtWC
Standard 3.8 4.6 4.7 5.4 4.9 4.3 3.2 3.7.. Deviation

Table 2.

Forecast~ L<;>wer Forecasts Higher
than than Forecasts Sarne- as

Observed Temp Observed Temp Observed Temp

CAO AtWC CAO AtWC CAO AtWC
..

Nova Scotia. Min 51 34 24 40 3 4
Max 40 39 36 34 2 5

Prince Edward Min 37 27 38 47 3 4
Island Max 35 30 41 41 2 7

New Min 34 26 42 50 1 2
Br.unswick Max 2.8 43 43 32 6 3

Newfoundland Min 55 46 22 30 1 2

Max 52 54 22 21 4 3

Totals 332 299 268 295 22 30
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Table 3.
I. ,

CAO TEMPERATURE FORECAST ERRORS

Nova Scotta Pr irice Edward New Brunswic,k Newfound land
Is land

Average Standard Average Standard Average Standard Average Standard
Error Deviation Error Deviation Error Deviation Error Deviation

Forecast
, .

N l( 24hr) ,5.8 3. 8 5. 1 3. 7 5. 1 3. 7 5. 1 3. 2

D 2(36 hr)
" "

4. 8 3.4" 5. 8 4. 1 4.9 3. 7 5. 8 4. 2

N 2(48 hr) 6. 7 5. 0 6.4 5. 1 6. 5 5.4 7.0 4.6

D 3(60 hrJ 5.2 3.9 6.6 4.4 5. 5 3. 8 5. 3 4. 0
," , .-.
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PROBABILITY THAT A FORECAST WITH 50 F. OR LESS OF ERROR WILL BE
FOLLOWED BY A FORECAST WITH NOT MORE THAN 50 F. OF ERROR

N1 (First Night's Minimum) D 2 (Next Day's Maximum)

CAO Objective CAO Objective
Province Forecasts AtWC. Forecasts' For'ecasts AtWC Forecasts,

, .
Nova Scotia '~ 295 .291 .474 . 392

Prince Edward
Island .308 .291 .397 .304

, ,

New Brunswick .346 .279 .33-3 .253

Newfoundland .385 . 506 .346 .443

Table 6.

DIFFERENCE BETWEEN FORECAST AND CLIMATOLOGICAL MEAN TEMPERATURES

Average of Absolute Differ~nce from the Mean,

N1 (First Night's Minimum) D 2 (Next Day's Maxi~um)

CAO "', CAOObserved
Objective AtWC Observed

Objective AtWC
Province Minimum Forecast Forecast ,Maximum Forecast Forecast

Nova Scotia 7.5 5. 6 6.4 6. 1 4. 8 5.4
"

Prince
Edwa'r.d 7.8 5. 2 6. 7 8. 2 5. 5 5. 5
Island ,

New
8.0 6. 0 7.6 7.7 5. 4 6.9Brunswick

Newfoundland' 7.0 4. 2 6.4 6. 0 5. 0 6. U
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Table 7.

A VERAGE FORECAST ERRORS WHERE OBSER VED TEMPERA TURES DIFFERED
. BY lOoF OR MORE FROM THE MEAN .

Average Forecast Error

Aver.age Difference of N1 D2
. Observed Temperature . (FitstNight's Minin:iurri) (NextDa y'sMaximum).... from Mean

CAO CAO
N 1 D 2 Objective AtWC ObJectiVe AtWC

Forecast Forecast Forecast Forecast
"

., . . ...

Nova Scotia 14.3 13.7 7.5 6.9 8.9 9.4

Prince
Edward 13.6 14.4 7.5 9. 0 6.6 9. 7
Island

New
14.7 14.3 6.7 7.6 7. 7 8. 5

Brunswick

Newfoundland ·15.0 13.5 8.0 4. 0 10. 3 7.0
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