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ABSTRACT

Detailed examination of synoptic charts during warm spells at
Vancouver Airport showed that the behaviour of some features was sufficiently
consistent to permit formulation of rules for forecasting the duration and '
the endlng of these hot spells. :
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METEOROLOGICAL BRANCH - DEPARTMENT OF TRANSPORT = CANADA
An ‘Empirical Method for the Prediction
of Breaks in Hot Spells at Vancouver
By _
* As Ao Harms and Do C. Healey: -
1o | INTRODUCTION

1.1, ' When the daily maximum temperature re&chee 7€°F at Vancouver

. Airport, thé day can be described as warm. On such oocasloass temperatures
in urban aréas will generally be two to four degrees higher and such tempera-
tures are certalnly oharacterlstlc of warm weather as. far as this area is
concernsd,

1620 Economically these hot spells are important, since humidity
in ‘the forests usudally drops to very ‘low levels if they are prolonged. If
forestry werk is suspended, logging operators must decide whether to under=
wr1te the expense of keeping the crews in- ‘camp or of d1spers1ng them and
faclng the’ task of reassembly later, -

1536 ”The tourlst industry is also a major factor in the
provincial economy. ;:The- great numbers of natives and visitors that spend
their-annual vacatlon in B.C. are v1tally 1nterested in these spells of

- warm weatherp partlcularly when they last. long enough to. restrlct public o
access to the forests, - : : ‘

“1"40 ' And of. course sales of certain merchandise increase very
markedly during hot weather: -Since much of it is perishable it is important
to avoid overproduction toward the end of a prolonged hot spelle

1.50 Study of the records for the" period 1952=1961 disclosed that
the intervals when the maximum temperature equalled or exceeded 76°F at
Vancouver Airport occurred only in the months May-September.: Detailed exam=
ination 6f surfédce and 500 mb charts was made during such perlods and showed
that certaln Peatures recurred frequently and also underwant a cycle of
changes’ that was related to the duration and’ ending "of ‘the hot spelle It -
was therefore considered worthwhile to study these both on the average and in
particular cases in the hope that some rules- could be dev1sed for forecasting
the duration and ending of thése spellso

2, DEFINITIONS
201, A hot spell was deflned to" be any day or perlod of days thh

‘daily maximum températures at Vancouver International Airport. equal to or.
greater than 76°F. A break in a hot: spell was: :defined to be a maximum-
temperature decrease of at least 5°F to less than’ 76°F (1n 24 hours) or a



o
- CIR= 3748

TEC- 430 , . _ R

1 Nov. 62 : _ , =‘2*=

maximum-température- decrease of at least 3°F to less thah 76°F (in 24 hours) and

a further drop of at least 5°F 1n the follow1ng 24 hourso

3. - OBJECTIVE

“Bols . ‘ The primary obgectlve was to forecast from surface and upper a1r
¢harts up “to 'and including 1200Z "this morning", whether or not a break will
“ocouf tomorrowo "The secondary objéctive was to find parameters which woiild give,
“early in th¢ hot.spell, some indlcatlon of its duration, Both these objectives

presuppose 4 correct forecast for' maximumctemperature to be equal to- or greater
tHan 76°F for "today“o B : :

4, DATA

4.1, | Weather charts for the ten year per1od 1952=1961 were avallable%f“

for this study. It was found that. hot spells as defined above occurred only
in the months MayeSeptembero :

""Bo S SYNOPTIC CHARACTERISTICS OF‘A HOT SPELL

TBolo v . Extremely warm weather along the southern ooast of. Britlsh :Columbia
appears to ‘be assoclated most often with a- ridge ‘of high pressure both ‘at’ the .
—gurface and “at the™ 500 “fib 'Level. "To obtain some. idea of the general character=
~fetics o this- ridge, “‘charts for ‘the ten hot spells that occurred durlng the per-
A 1960561 were' averagedo "In the averaging process, the day of the break in the-
“hot spell” (D=O) was chosen “8s ‘the referencé day and mean daily charts for . 12002
“(ies 4 'a.m."PST) were prepareéd Tor &@ll ‘days during the period ‘extending from.>
“three“days prior“to thé break.until the day following. Since the data included
Yot spells of “varying "Yength; “the earliest mean charts in the series (those for
“~threeand “two 'days ‘dhead o™ fhe‘break) ‘actually include some indlvidual charts -
‘representative "of ‘conditigns béfore the onset of the hot spell. Con:equently '

the development of significant features is somewhat célouded but nevertheless a
characteristic pattern was apparento

¢
552, " " """The ‘mean charts: obtalned from -this preliminary analysis are shown

i f:gures 1t0"10, *Threedays beforethe break, there is at the surface. level a

pronouriced ridge of hlgh pressure extending from-the southwest across “the. coast
~of-British Columbia, . The. -centre:of the cell lies about 600 nautical mlles off
“the coast with the axig orlen'ed tqward the northeast and crossing the coast in
“the v1c1nity ‘of “the’ Queen ‘Charldtte Islands (fig 1), Character1st1ca11y9 there
“is"an 'area of low pregssure.in; the northern: Gulf of -Alaska and another area of .
““lowerpressure ‘over the " 1ntermounta1n region of the Unlted Statesov The mean 500
““mb “chart for the samg¢ time- shows’ a cyclonlc oirculatlon in the Gulf of Alaska

with a nearly zonal flow across Brltlsh Columbia, Mean 500 mb- helghts are
_about 19100 feet in the ‘vieinity of: Vancouver°

"5, 30 : Two days before the break (fig 3 and '4), the axipg of, %he ridge
lies approxxmately in the same positlon but mome eastward extension of the cell
“is’ apparento In the area extending southeastward from the Queen Charlottes to!
the northwestern states, the: lurfaoe pressures have begun to fall. Thls marks
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the beginning of the development of the ¥thermal trough%, a feature that
will be discussed in more detail later. At the same time, the previously
zonal flow at 500 mbs begins to distort with an upper ridge developing
over British Golumb:.a, a weagk trough forming offshore and a slight filling
of the cyclone in the northern Gulf of Alaska.

Three Days before the "Break i
figl . , fig 2

Surface pressure, 1200% 500 mb height, 1200

' ' " " :
fig 3 - Two Days before the "Break fig 4

' ‘Surface pressure, 12002 | 500 mb height, 1200Z
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Solo The charts for the day before the break show that thése trends .

have contimued. The thermal trough with its attendant offshore gradient flow
now extends northward to the-Queen Charlotte Islands and almost bisects the
original surface cell of high préssure-(fig'5)a- Intensification of the upper
ridge has continued with the axis moving a few degrees toward the east. This
movement is more: noticeable in northern sectors but is s1gn1flcant in south-

ern areas as well (flg 6).

One Day before the "Break"
fig5 = o fig 6

Surface pressure, 12002 : L e e 500 mb height, 12002

550 At thls tlme it should be mentioned that data were extracted |

- from basic charts using a grid of points approximately 250 miles apart. Th;s
rather coarse network may have obscured some details of the configuration of
the ‘thermal trough. At times, for example, this feature appears to exhibit a
double structure, one axis extending from a southern low into the central
interior of British Columbia with a second axis along the coast, However this
pattern cannot be considered too definite since it may be produced in part by .
sea level corrections involving high mean temperature at high level inland
stationss The synoptic network is almost too coarse to be sure of this pattern
even on individual charts, although the noticeable sharpening of the interior
trough at the end of a hot spell is some evidence of the consolidation of two
axeSo :

5.60 ' On the day of the break, it is apparent that'EWD méjor changes
have taken place. - Firstly the thermal trough has weakened and made a decisive
sastward movement (on the average 250 miles). -Although pressures_along the
immediate coast have not risen noticeably, the offshore surface pressure gradient
‘has increased with the development of a high pressure cell several hundred miles
_to the southwest. :
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Secondly, the 500 mb ridge has moved eastward into Alberta while a mean
trough has approached to within 300 miles of the coast (fig 7 and 8).
During the preceding 24 hours, 500 mb. heights at Vancouver have fallen
about 150 feet on the average.

Day of the "Break" .
fig 7 | - fig 8

-

e ./ .
1% im\ /

Surface pressure 1200Z - 500 mb height 12002

5.7 At 1200Z on the day after the break, there is no evidence
of the surface thermal trough anywhere in British Columbia while the
upper flow at 500 mbs has become noticeably more zonal.

Day after the "Break" o
fig 10

Surface pressure, 0000Z /500 mb height, 00002
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5.80 . The movement 6f the-thermal trough eastward from the coastal’

repion is followed by an inffux of air from the ocean which is relatively cool
at this time of year. The arrival of this marine stratum ends the hot gpell.
The pronounced change at low levels is shown in figure 13, It represents a
series of temperature ascent curves for Sandpoint during one hot spell., The
break in this particular spell occurred on. August 16, 1961,

5.9, - To confirm that the thermal trough and the upper ridge represent’
true departures from mean conditions, mean sea level pressures and 500 mb heights
for a few points in southwestern B.C. were computed for the period June-August and
compared with those f ound on the mean charts that typified hot spells. durlng the

. same period. The results are shown on. the following graphs:

1o 24
£
fig 11 ) a o 20 |
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fig 12
D=2
1qloo0
p N
"t D-3
219000
<
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8 .
I4q00 _ - mearw
|$800 - | - | ) 1 | )
”‘l°N/l3S°W "'an/'B’o w Vancouver  Kinbedey Cowley

Cross=section showing 500 mb ridge
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50105 ' These graphs portray crOSSwsect1ons cf the surface pressure

_ and 500 mb helght across the thermal trough and- the upper air ridgeo

5,11, The first graph shows that during hot spells (Dws and sz)g,
the surface pressure is greater than average. The initial development of
the thermal trough is seen om D=2, and it deepens considerably &ver Tofino
end Vancouver by D=1, On the day of the break (D=0), the trough has moved
eastward and this motion is continued on the day after the break (D+1).

T"Bol2o " “The secena graph shows that pfeceding and durlng ﬁhg break
- in the hot spells the 500 mb height is considerably above the mean summer
height, Also the building of the ridge (D=3 and D-2) and its. eastward motion

(D=2, D=1, D=0 and D+1) as well as the approaeh of the trough (D=0, D+1) can

- be followed,

6o - :'TY?ICAL”UPPER AIR,FEATURES'ACCOMPANYING A BREAK

6.1o . As mentioned previously, the break in a hot spell is caused
primarily by the influx of a cool marine stratum from the adjacent ocean. To
illustrate the changes in air mass structure that accompany this influx, some
temperature ascent curves are portrayed in flgure 13,

6620 The ascents are the standard radiosondes teken at Seattle

twice daily at 4 a.m., and 4 p.m. local standard fnmeo These cover
the peried from 4 pom, August 13 to 4 a.m, August 16, 19610 '

6530 ' It is obvious that a great change in maximum temperature teok

‘place between 4 pom. Of the fourteenth and 4 p.m, of the fifteenth. The -
" cooling is most preonounced and most regular near the surface, At higher

levels, cooling is still ‘evident although it is neither as proneunced nor as

'“regular as that near the surfaceo

6045 -~ The full extent of surface cooling is shown in the 4 a.m,
ascent for August sixteenth, The marine stratum, tepped by a strong
inversion at. about the 900 mb level9 is very- ew1dent in this ascente

605, . The upper coolxng is indlcatlve of the arrival of an upper
trough or at least the receselon ‘of an upper ridge. -

6.6, " In this particular caseo hlgh level instability preduced some
ralnfall but on many occasions this does not.happen,

- 6670 - - It is of interest to note that by-August 18, the maximum

temperature had climbed again to levels approximating those of the fourteenth.
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Téphlgram showing upper air features accompanying a break
in a hot spell of August 1961, (Ascent at Seattle, 100
miles south of Vancouver; B.C.) -
6.8 - The following graph shows that the break occurred at Vancouver

at a bout OO000LST on the sixteenth, or at least eight hours later than the '’
Seattle cooling, This time delay is apparently caused by the 100 mile distance |
between Vancouver and Seattle.
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Daily temperature changes accompanying a break
in the hot spell at Vancouver, B.C.

7o : PRELIMINARY INVESTIGATION OF HOT SPELLS

Tolo Initially, graphs of the daily meximum temperatures at Van-
couver Airport versus time were drawn to select the hot spells and the time
of ending, Similar graphs were also drawn for Abbotsford and Nanaino,
Comparison with the Vancouver graph showed that the hot spells extended
uniformly throughout the lower Fraser Valley and Georgia Strait region and
affected an area at least 80 miles in breadth.

8. : METHOD OF APPROACH
8.1o The general method adopted was to find significant para-

., meters Xy, X5, X5 and X, which, when combined in the manner shown, would
" yield the predicént Y, : : o %

) — .
§2; R .
g —" .
8020 . These parameters X, were obtained from mean surface and upper
air charts drawn for the periods of interest. The following grid was employed
in drawing these chartss . S : S




CIR= 3748
1 NOVo 62 '

fig 15

8630 The grid was squarej supeflmposéd on a lambert Conformel Conic
Base chart. Grid dlstance'was approxlmately 250 nautical miles,

8oldio C The resultlng mean .charts were then differenced graphically to
levels, The location and intensity of the difference patterns aided in the
selection of parameters related to the ending of the hot spell or others that,
during the first hot day, gave some indication of the probable length of the
spell. Ideally, if each hot spell was the product of a definite synoptic -
pattern, charts for corresponding days in each spell would be almost identicals
The derived mean charts would also be the same. Selection of parameters would
then become relatively simple and would involve only the choosing of patterns
that showed definite change from day to day and were not characterlstic of
charts for periods when no hot spell existed.

85, Forecast rules formulated under these conditions would be
hlghly successful, However; in practice, each mean chart is the result of |
averaging charts that are not identical but only similar, This "scatter", in a
sense, limits the efficiency of a chosen predictor and results in rules that
are less than 100 percent effectlveo

8.6, Consequently, each predlctor chosen from the mean charts was
tested for significance using the chi square method (see appendix); This =
eliminated about 36 parameters out of 48 that appeared suitable during first
lnSpection of the charts, -
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80T The following is an example of how the chi square test was

applled to test the significance of a single parameter. In this case; the
parameter is the surface pressure difference between Calgary and Sandspit.,
For each hot day, this difference was calculated from the 1200Z chart. Then,
as is shown, this value was plotted along one of two straight lines, according
_to whether the occasion was & "break"” or a "no-break" day,

No brealk

f
1.
|
t
| .
|
'
t
f

Braox S,
Sfe. Grad. SR L
fromd L s e
e - EP
8.8, When this had been done for all the hot days available, the

value of the surface pressure difference which best separated the "breaks"
from the "no-breaks"” (in this case, 3.8 mb) was chosen and a vertical line
drawn through it. Those days whose parametric value fell below 3.8 mb were
forecast as "no=break" days and those days with a value above 3.8 mb as
"break" days. From these data, the following contingency table was formed: -

.forecast

- bredk. | break
‘preak 17 7 24
no ' - F i
break A 32 37
22 . 39 | 61
8,9, " Then the chi square value for this parameter was calculated in

“the manner described in the appendix. In this case, the value is 20.5 and as

 shown in the table contained in the appendix, the parameter is quite signifi-
cant, If the chi square wvalue had been less than 6,3, the parameter would
have been rejscted. -

9, FIRST APPROACH

9.1, Using the ten last hot spells (those in the period 1960=61),

- ‘mean charts (surface pressure and 500 mb height) were drawn for the three days
preceding the break and the day following it. ‘These charts were then differ-
enced graphically to obtain 24 hour changes in an attempt to find parameters
which would indicate a break in a hot spell the day before it was to occur.
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Several parameters suggested themselves but when tested against all available
datas they proved to be 1ncenclus1veo

10, - SECOND APPROACH

“I051, It was felt that the grouping of hot spells of varying duration
was possibly confusing the issue. The hot spells were therefore grouped accoro
“ding “to length, CategnrleS'were ¢hosen as follows: ‘

Group A ... one-day hot spells

Group B o.. two-day hot spglls.

Group € coo three-dgywplus'hot spells
10.2, Another reason for this approach was that the one~day hot spells
~ appeared-to-be essentially different from the lenger hot spells. For the mest
- ~part-they appeared to be associated with features that moved or changed fairly

quickly whereas the longer ones were assoc1&ted*w1th features that moved mere
slowly.

11, - ONE=DAY HOT SPELLS

111, -~ "The one=day hot spells were arranged chronoleglcally and. every
second one.was chosen to form a subgroup., Using data from this subgreupp mean
charts were drawn for the surface, 700 mb and 500 mb levels for 1200Z eof the day
“before ‘the hét spéll and the first day of the hot spell (ie: the two days pre-
ceéding the bredk). These charts were differenced graphically teo locate para=
meters indicative of the impending break (see charts on page 15), These para-=

- meters were then tested by the .chi square test.

11626 “In order to utilize the 11m1ted data to best advantage and to
reduce any possible spurious effects which may have weighted our meén charts,
“the following ‘date selecting 'scheme was "adopted. Data for all- parameters which
were indicative of a bredk were drawn from the first day of 4ll onecday het
spells used in drawing the mean charts plus one half of the remaining one=day
hot spells net used in draw1ng ‘the mean charts., Data fer all paraméters which'
‘were indicative of a no-break were drawn from the first day of all two-day and -
threemday-plus hot spellso One quarter of this data was left to be used as a
test, . : ’ : L

1Y63, Of all the parameters feund in this manner and tested by the chi
square test, only four were found to be of sufficient signlfieance te warrant
further: ngko These wereu'

,xi)- 24 heur 500 mb height change at 45°N/146°W X2 = 11,5
- _ P = 9/10,000

X,) 500 mb height at Jasper %% = 7.0
' ' ' P = 9/1000
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Xs) 24 hour surface pressure change at 47°N/135°
XA) 700 mb height at 45°N/138°W

1l.4e The symbols used arés
X; = number associated with the parameter

X2 = chi square value (ie: a measure of the significance of the

parameter) ,
P = probability that the parameter is caused by cIimatqlogicgl chance,

11.5 - - -The relationship between the parameters X; and predicant Y was
brought out by plotting two scatter diagrams. as showns

) ’Probabih’f“\i .

g ( ZCV\W

X, | T Xy

11.6. As an example showing how the lines separating the probability zones

were drawn, this process will be described for the graph. numbered A=] of figure 21,
Without any lines on 1t, this graph looked as follows.
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Light parallel lines were drawn to separate the distribution of dots

and crosses into a number of approximately equally populated regions

in such a way that, on moving from the concentratien of dots te the
cencentrat1en of crosses, the percentage of crossés in the regions

rose steadlly te nearly 100 percent. This percentage, calculated to

the nearest ten percent, was interpreted as the probability that an

event follew1ng into the region would be a "break". The percentages
shown on- this -exanple may differ slightly. frem those used on the orlglnal
graph A=-1 because in the example beth test and develepmental data were
plotted whereas only develepmental data were used on the original.

=
:ﬁ EN N
‘- [ boo +
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L
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< 200}
0 e
£ or .
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Q
N _200|
< +
T +
g» -4oo i
‘/
.g -boot ,
U b
% -Roo
3 _ :
< /
+ il | / ) J i
N -2 é g o

Surface pressure difference (mb)
Klmberly = Bull Harbeur

Through the centre of each region, a heavy line was drawn., Each line
was labeled with the probablllty value of its partlcular regleno Where
necessary, further lines were added by interpclation between existing
lines until thé graph was divided into probability zones by lines spaced
about every twenty percento Thus the two scatter diagrams plctured v
above were completed., o )

11,7, Each’day which required a "break" or "no-break" decision was
associated with four parameters. By using the two scatter diagrams, it
was possible to associate two probabilities (of a "break") with each
date. These two probabilltles were then plotted on the third scatter
dlagram shewn below,, D

i
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11080 A 51ng1e straight line was drawn to separate the “breaks from

the "no breaks", In'this connection there is no good reason why the final curve
should be a stralght line, Hewevena if this method is to be effectlve9 the
curve should be” 31mp]ea It is’ reallzed that the number of hot spells concerned

was not very large. I% is hoped that additlon of future cases may result in.
some reflnement of the curveso ' = -

11.9. The data whlch as yet ‘had ‘not been used at all (ene quarter of
the original data) was used as a testo The fellew1ng reeultsg using the befere

Develepmental data - Test data
‘ forecast forecast
_— (-} : - ne
-‘break ' bresk, ) break [ break 4
break | 13 ° 7 20 break |., 2 2 5
'8 1o N - B ome [
P break , | 8 19 27 b break | "2 - 8
W’,'". ;: - - - . . - ) S g e P sy .,.
a "2l 26 | 47 2 g ‘9 i 18
Qv ) : ) : o O . . T
Pereent'cerreet 000 68% .. Percent eerrect qoof62%
skillﬁe@x"e 60000 0,38 Skillgcerﬁ oo'ooe 00’17
11,10, ., The. skill score is a measufe'ef tﬁe“ékill invelved in feree
casting, It is unity when all. forecasts are correct and zero when the- feracasts
are equal to those ebtalned by pure chanceo It is: further discussed in the
appendlxo .
: 11 11, Since the: results ebtained for the" P edictlen ‘of break in a ene-

day hot spell d1d net: seemf'ee sxgnlflcantp 1t“'es
ensure that the finer detail

18,8 ecided to refine the grid te
;of .the mean : éurface pattern'were breught out,
rface mean chart was drawn u51ng sea level
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pressures from actual stations in the Pacific North-West., The grid points
used are shown on figure 18,

fig 18

13,12, The mean surface charts thus obtained (shown on page 19)
were treated in the same manner as the ones just discussed.. The significant
parameters found were: o

1) surfacé pressure differenéée Calgary minus Sandspit X2 = 19,0
: P

S = 1/100,000

2) 24 hour change in pressure at Sandspiﬁ X° = 11.7
: | P = 8/10,000

3) surface pressure difference, Kimberly XR = 1.5
, minus Bull Harbour P = 3/10,000

- To -these three parameters was added the first parameter listed previously.
The three graphs A=l, A=2 and'AEB were drawn in the manner previously
described and are shown on page 21l. :

11.13. Inspection of the graphs A=1; A=2 and A=3 brings up some inter-
esting points. Firstly, the slopes of the probability lines is an indication
of the significance .of the parameter being used. Thus, the parametérs on the
ordinates of A=l and A=2 are not quite as significant at the corrésponding
parameters along the abscissae. This is well borne out by their chi square
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values, Secondly, the separation of the "break" from the "no break" cases on
A-1 and A=2 is not too evident. However, on A3, it is quite clear. Thirdly,
the p051t10n of the exceptions on A=3 is quite conspicuous; they are defin-

itely not borderllne cases, It.is rather mystifying why these errors should
be so drastlc° - '

11.14, The following results were obtained:
Developmental data S Test data
forecast ' forecast
no:‘ . ‘ .' ‘no {
break { break o break 1 break .
break 16 3 ;19 - break L > 7

g no . - o :

g break 3 21 2k E no S

0 2 break L 9 13

< 19 qd 24 L3 [¢)

- - : 8 11 19,
Percent correct ... 86% . o Percent correct ... 68%
SKill score .se.. 0,72~ - SKill SCOTe cneed’ 0,33

11‘15u . Tt is 1nterest1ng to note that this partlcul r test involving

four parameters can.be reduced to.one 1nvolv1ng one single parameter, the sur=
.face gradient between Calgary and Sandspit. Prediction of "break" if the
pressure difference exceeds 3.8 mb and "no break" if it is less than 3.8 mb
yields the following results:

Developmental data - - Test data
Pereent COTTect oooo gub o ' . Ll
Sklll SCOTE cecvcoce 0.66 _ o 0.2
12, . TWO-DAY HOT 'SPELIS*“"- -
12.1, o The het spells were arranged -chronologically and data from

about one half of. them were used to draw mean charts' of the surface pressure
700 nmb height and  500. mb- height -for  1200Z of- the- two.days preceding the. break
These charts, .shown on‘'page 22, were-then graphically:differenced to obtain .
parqmeters 1n the manner- mentloned prev1ously° Parameters obtained Wwere
again tested with the chi square test using about three- quarters of the data,
The four most 51gn1flcant parameters were: :
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1) 24:houra50QﬁMb hEightvchangéﬁat55ggﬂ/1359Ww:; X2 =6,
o _ - P =-1/100
~ 2) 500.mb helght dlfference Spokane ‘minus. - X2*=,8,8 )
Annette o P = 5/1000
3) 700 mb height difference, Spokane minus . X% =11,0
. Annette _ ‘ P = 1/1000
Wi :u-) 500- ‘rrb,:height at :5201%1/135?% o . X2 = 6,7
. ' - : ' P = 1/100

The corresponding -set..of: three\graphs -i's-’shown:on? page 245 . 'The: "'no’ break®”
data were :obtained from the:second: day of:: the\three-day-plus hot .spells,
The following: results wererobtained : '

Developmental data Tesﬁ data
- forecast - : forecast
Y no " F no
- break | break - .- ' »i ) break | break
- break’ 9 |.w3 |oa2e o ‘break.| 2 2 Ly
'd — e ——— - . o .
2 no e b : ¥ .no ;~
g break: | 2 -} 13 |15 B break| 0 5 45
K 11 | 16 27 8 2 7 9

_Percent. Correct ...:82%
Skill SCOTe osooo 0.62

Percent Correct ...

" Skill. score oooooo

78%
0.52

13. THREE-DAY-PLUS HOT. SPELL. ..

C13.1. Theseihot spellaaweremtraateduinva,mannar similar to the two- (
day hot Spells° “The: only differeno' 4 Thet
"break" and "no break" idata areibest ‘Shown i I

one-:day ~hot. ) spell R X Y .v"v"ov;g.'_o«‘(s(‘o‘of‘.f; s
Two"'day hot Spell‘ ‘o o':o,;o 9’0 dlo .-53;.: 12

Three-day-plus hot spell oo 12

"break" data was drawn from

these days

'<"no.break" data'yag:drawn from these days



g9 °AON T

Surface pressure and 24 hour change

Last Day of Two=Day Hot Spell
(mean of 9 charts,. 12002)

500 mb height and 24 hour change

02%=0HL
8%Le2~HID

- g -



700 mb difference, Spokane - Annette

Two=Day Hot Spell - ‘
B=2 ’ . - o : ) ) Bj=3.

=
©
w
o
<
=
-]
[3Y I
1w
'-P
-
)
80 '
S © B
]
1
)
ot
a4
| =
B
8
w
£
3
o ..
P o
i | L 1 i g 0 I ¢ | i+ i i . { | | i
-184%oo0 18800 ’ .192.00 “TZoo o - 200 Moo - 460 Boo oDO . 20 4 W 2 bo go
500 mb height at 52°N/135°W.’ 500 mb height difference between - B-1
o ~ - Spokeane and Annette
. Graphs Showing the Separation of the "Breaks"™ (+) from the "No Breaks” on the Second Day of the Hot Spell = Qo
. Fig. 24, g§

29



CIR=- 3748

TEC= 430 - 24 -
1 Nov. 62
13, 2 _ The resultant mean charts are shown on page. 26s The significant
parameters cbtained were:
1) 24 hour 500 mb height change at Yakutat X = 8.2
‘ : | ' | P = 7/1000
2) 24 hour SOO rb height change at 57°N/143°w X% = 14,7
. o . P = 2/10,000
3) 500 mb height at 57°N/143% - ¥ =12.2
' ' ' P = 1/100
4) . 24 hour 700 mb height change at Yakutat X% = 6,8
‘ I o P = 1/100
13 3. The graphs Shown on- page 28 yleld the following-results:
Developmental data ' Test data
forecast forecast
. |" no | L ‘*wvwf - no .
! break | break 1 - ' » : _break | break |
break|{ 12 3 ©-15 break | . 3 | 1 L
no R g DO [ L '
'g break| 4 26 30 ¢ break | 2 6 8
g | 16 29 u5 g 5 7 P12
o ‘ ; o. : .
Percent correct ... 85% Percept gorrect .., 75%
Skill score sieee 0466 SKill BEOTE sapes 0.47
13.4, The patternof probability lines-on-C-1 is sufflclently unusual

to warrant some comment ,

The-reason for the V-shaped pattern.was to place the”

- "po break" occurrences’ ‘at the bottom of. the ‘graph-in a lower: probablllty zone

and hence: to cause” thelr removal from- the "break™ regxon of C=3.,

13,5, More 1nformat10n ‘will be needed before it can.be decided whether-
- this. pattern is caused by a chance distribution or is: consistent. If the second
of these alternatives is Arue, thenm a’ phy51cal explanatlon will have-to be found.

13,6, The parameter-inﬂquestion=iswthem500=mb“height*at157~N/143 W,
about 750 nautical miles north-west of Vancouver, A parametric value of about
18300 feet gives a strong indication of a "break" whereas values higher or lower
than this tend to indicate a "no-break",
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13.7. . In- effect the shape of the curves of figure 27, C-1 indicate

that the 24 hour helght change ofthe 700 nb-level over Yakutat is a 31gn1f1cant
parameter only-if* the- 500 mb-height-at- 57°N/143°% is" greater-than-18,200 feet,
Contour heightsof less-than this value would :mostof: the: time- 1nd1cate the pre=-
sence’ of a cold low in-the vicinmity. If-a~cold low does-exist-in~the Gulf of"
Alaska, it is unlikely that a'change occurring some hundreds of miles to the
north of it could have any immediate influence on the weather in southern B.C,

14, LENGTH OF HOT SPELL

4.1, During the"above “investigation into the- end1ng"of hot: spells of
varyxng"length> 1t was noted that ‘ecertain- parameters obtained-on the first day -
' us hot-spells from the two-
day and one-day hot spells° The four‘most 51gn1f1cant'of these parameters were°

1) 24 hour surface pressure: change at 47’ N/137°w S Xe = Tt
_ P =.8/1000
2) " surface pressure at 43°N/138%W X% = 12.3.
P = 7/10,000
3)- surface'pressure“af”Sandspit~ X =11, 8
' i P = 8/10,000
4) 24 hour change infsurface{pressurewaifsandshit- X2 =9.9
' o P = 3/1000
k.2, U51ng these parameters the three graphs R»l R-2 and R-B on
- page 30 were drawn. ‘The ‘résilts weres
'DevelOpmental data o - : h . Test data
forecast _ ~ forecast
. c 1 aB | g o clap |
,g‘ .C 9 L. . 13 . t . C. 5 2 N 7
H ! O . ‘ S — 1T -
%A"B 3 §&r 30 ‘ %“AQB 2 . 10 12
— iétf?'“Bi" .":u3; R fff S 7 | 12 T 19
Percent correct ooosﬁb%“ :jﬂ.l'*'f:}xm.". 'Percent*COrrect coo 79%
Skill. score o 0-sios. O 61 0;" '_f Q.I;lfa Skidl score sovoo O 55

.Symbols used: A B ooo one_day and- two»day hot spells

C oo three-daymplgsrhot spells
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15, ' COMPARISON OF RESULTS
Developmental data B TeSt'déta .
Percent | Skill ..|| Percent .| Skill
7 . correct score correct score
Prediction of break in one-day o o B 1
hot spell (using 4 parameters) 86% 0,72 f 68% 1 0.33
Predictior of break in one-day , :
hot spell (using 1 parameter) 84% 0,66 4% 0,42
Prediction of break in twoeday , '
hot spell (using 4 parameters) 82% 0,62 78% 0,52
Prédiction~of'bfeak:in threé-J
day-plus hot spell (using &4 o : S
parameters)- 85% 0.66 75% 0,47
Prediction of threeudéy=plué o ) ' o
hot spell (u51ng 4 parameters) 8u% 0,61 79% 0,55
Average . A "'046'7-3 75k 0.46
15.1, Predictions-listed in-the-first- four-rows-of" the above table

constitute forecasts; made early one mornlng, predictinganm-end-to-the hot
spell on' the succeedlnv ‘day. . Predictions in the last row are forecasts
made early one morning forecasting that the hot spell beglnnlng that day will
continue-for-at-least-three days. !

6. DISCUSSION OF RESULTS

16.1. . An analysis of this typé produces a -series of graphs. Each
graph achieves some separation between cases of "break" and "no break",
Ideally the' final graph should have produced complete  separation,” In pra-
ctice, since the- parameters-have -an-"efficiency" of less than 100 percent,
separation is incomplete in-the final chart; the  "no break area will be
slightly contaminated-by-occasions of "break™ and-vice=versa., As a rule,
these situations-should occur ‘near-the border between the- groups. In this
investigationsome drastic-exceptions- occurred anoccasional event being
found associated with values of parameters that were -so extreme that its
opposite was clearly indicated. Further analysis of these cases elicited the
following possibilities:

1) It is possible that some breaks actually occurred on the
day before the maximum temperature dropped, but after
reaching a daily maximum which still satisfied the "no
break" criterion. :



CIR-3748 = . - o
TEC-430 -~ . _ =30 =
1 Nov, 62 | '

2) A westerly sea breeze may have shortened a hot.spell at the
Vancouver Airport 1ndependent1y of any other parametrlc
features, -

16,2, : A further llmltatlon of- this project was the lack of sufficient
data, For the ten year period of 1nvest1gatlon (1952=1961) the following
nuMber of hot spells was found:

25 one»day hot spells
l7-two=daywhot’spells
: 6’£hree:day“po£ sﬁells |
3 four;dayfhct'spells
3 fiveaday*hct spells
3 le=day hop»Spells
BHseVenaday ﬁct spells
2 elghtaday hot ‘spells

To test the results; only-a small number‘of ‘cases—could be-used; Thus with the
test data, a single exception could weight the results considerably; - However
this progect ‘is-considered to be-only an initial analysis of the problem. The
methods outlined will be followed at the Vancouver Meteorological-Cffice during
the next few. years, By then, it is hoped that data will be sufficient to effect
further reflnements in some areas of the charts and ralse the efflclency of the
method to a max:Lmumo -

16.3, - A strlklng feature of- this- study “is the- relatxvely close agreement
among the results for-the-various hot spells (refer-to table;.page29)., A fur-
ther study of the exceptions might reveal subgroups which could be dealt with
separately, The dates of all exceptions have been recorded to fa0111tate such
a study, : , P

16,4, ' The fourteen cases of- predlctlon -of “no ‘break" when-"oreak®
actually occurred were checked in-more detail, - It was found that -on only one of
These occurrences did rain aceompany the-break. This 1sto'be comp ared- to the-
overall ratio of 24 "ralnabredks" and 38 "no-rain~breaks", ' That is; two out of
every five-breaks were accompanied-by-rain, Since23 out-of-the ol "rain-breaks"
were correctly'predlcted it would seem-that-the: -parameters-used -are-particularly -
well attuned to rain. ThlS is further empha51zed by the fact that althou %h 96%
of the "rain-breaks" were correctly predicted, only 2% out of 38 (ie: ) of
the "nouraln-breaks" were correctly forecasto

16.5, The offlclal temperature forecasts made during the- ‘same hot spellsl
weré studied in order to obtain a measure of the usefulness of the forecasts -
which could be obtained based on the before mentioned tests.
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16.6, A brief inspection of maximumetemperature predictions durlng

hot spells showed that- 75 OF is far more- ‘frequently forecast than either 74°F
or 76°F, Since an error of one degree 1n maximumstemperature forecasts is of
little.concern; ‘it was decided to use 75°F as the critical maximumstemperature
for the comparlson instead of 76 F as had been' stated in ‘the definition. No
inconsistancy 1is brought- ‘gbotit - since~the definition is" concerned with actual

- temperatures-only, ‘Thus;- forthis~ comparlson a forecast. maximum-temperature
of greater than or equal to 759F is labeled a hot spell and a max1mum-tempera-
ture decrease to less than 75°F is labeled a break

16.7. .  The results are best shown in tabular form. -(Note: Forecasting

"break tomorrow" is done only after a correct: forecast of "hot spell today" has
been-made,) -

- Forecast made Correct forecasts
this morning '

One-déy ‘ hot spell téday'.' ' | 9/25 = 36%
hot spell’ : - N .

break tomorrow - 6/9 = 67%
Two-day hot spell today - 25/34 = 7u%
hot spell : R - y L i

breakvtémorrow_ ' | 3/5 =60%

‘no-break tomorrow- "‘” 7/20 = 35%.
Thrée—day- hot spell today.. 9Lk/100 = oL%
plus hot e . : ' -
spell break tomorrow - 5/11 = 45%

no-break tonmorrow | 69/83 = 83%

Contingency tables:.

Twoad;y hot spells Three-day-plus hot spells
forecagt : forecast" ‘
. no. ‘ - no
‘break break o break § break
.8"break .3 13 16 ¥ break | 5 14 19
t o : .
: n .
"(g break 2 7 9 g break 6 69 75
Percent correct ,.. 40% Percent correct ... 79%

Skill score sooo.. =0.03 Skill score cooce 0a33
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17, o C@NCLUSION 

17.1 . - It was found possible to’ develop an obJectlve method for pre-*

dicting breaks in hot ‘spells at Vancouver: -International" Alrpor'to The parameters
needed are 211 -obtainable from weather-charts up to' and including 12002 "this
morning!s- this facilitates- forecastlng "break! or "no bresk" tomorrow, It was
also found possiblerto predict-the-relative-length:of a hot: spell on its first -
days" The present-study-of necessity-was-based on-a’ limited-amount-of data, -
Themethod -lends-itself-to- “further refinement as more- infermation becomes
available, This refinement will be a contlnulng progect at the Vancouver Met-
eorolog1cal Office in succeedlng sumers’,

APFRGVEnpzf;.

P. D. MbTaggart-Cowan
Dlrectoro )
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19. APPENDIX
19.1. Skill score -
19.1.1, The- skill score is a mathematical tool used to give a measure

of skill in forecasting. Tt is equal to unity when all forecasts are correct,.
and it is zero when the number of correct forecasts equals the nurber that can
be expected by cllmatological chance,”

19,1.1;1. Considertthe“follqwing‘contingency table:

forecast-
occurence. nonoccurence
occur o | : :
- urence X x3 R1
il a) g
¢  nonoccurence. X, - X, >
0 .
(o) ;
| | Cl C, T
where: x5 =.nunber of ‘events in that group

xi=xl+x3
R2=X2+XL}

C = +
7R B
T =”R1 + R2 = C1 + C2 total ngmber‘offfdrecasts-
Let F = x; +‘x4 = nunber, of correct:forecasts
The skill score (S) is defined by:
S=F-D
T-D
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where D =GP Y CRy o DGRy
T .'1-“‘7f—f

Chl square (X2) test is a useful test for determlnlng the- Slg—
nificance of meteorologlcal data° . o A

M 1

It is defined bym

xz—z)_ mE)Z

_ &
E
g Where*f observed frequency
L < Cs
d=x “qg%rl) (using the above mentioned contin-
' gency- table)
- E = eXpecﬁed~frequency;determlned by chance

o

p ) Ay ol 4 }

BG  BG RO Ry
" The probability of a parameter being caused by chance (P) is a
' sxngle ‘valued function-of~ X2 -and- IS'gIven by the following table:

P .99 .98 .95 .90 .50 .10 .05 .02 Lol 001 ecenn
, 4

X (00 ,00L 004 .02 L6 - 2;0@8 5.4 63)108
Y

Parameter is 1n51gn1f1cantoooolnconclusxveoo0051gn1f1cant
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ONE-DAY HOT SPELLS
Ob Ject

To forecast: "break” or "no break" for tomorrow

Prerequisites:

a) max T yesterday< 75°F
b) max T forecast for today) 75°F
. Procedures

l. Obtain and record parametric values for
graphs A-1 and A-2 from 12003 charts
for this morning (and yesterday morning

where necessary).

2. Obtain corresponding probabilities from

A-l e.nd A-Z Y

3. Record both on A-3,

4., Resultant i)robability for "break" or "no

break” is stated on graph A-3.

LONG HOT SPELLS

Object A
To forecast: hot spell will last at least
three days or not.

Prerequisitess

a) max T yesterday { 75°F
b) max T forecast for today » 75°F

Procedure:

1. Obtain and record parametric values for
graphs R-1 and R-2 from 1200& charts this
morning (and yesterday morning where necessary)
2. Obtain corresponding probabilities from
- R"l and R-2,
3, Record both on graph R-3.
4, Resultant probability for length of hot

spell is stated on graph R-3.

24 hour change in 500 mb height at 45°N/146°W
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TWO-DAY HOT SPELLS

Object
To forecast "™break"™ 25 "no break™ for tomorrow

Prerequisites:

‘a) max T 2 days ago < 75°F
b) max T yesterday) T75°F
¢) max T forecast for today 75°F

Procedure:

" . 1. Obtain and record parametric values for graphs

B~1 and ‘B~2 from 12003 charts this morning
(and yesterday morning where necessary). -

© 2. Obtain corresponding probabilitiés.from

B'l and B_“Zo
3e Récord both on B=-3.

4, Resultantvprobability'for "break"” or "no
break” is stated on graph B-3,

THREE~-DAY=-PLUS HOT SPELLS

Object -

To forecast: ﬁbreak" or ™o break" tomorrow

.Prerequisites:

2} max T for at least the past 2 days® 75°F
b) max T forecast for todayy 75°F
Procedure:

1, Obtain and record parametric values
for graphs C-l1 and C-2 from 12008 chart
this morning (and yesterday morning where
necessary).

2. Obtain corresponding probabilities from
C-1 and C-2,

3. Record both on graph C-3,

4. Resultant probability for "break™ or "no
break"” is stated on graph C-3.
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