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ABSTRACT

Detailed examination of synoptic charts during warm spells at
Vancouver Airport showed tha.t. the behaviour of some features was sufficiently
consistent to permit formulation of rules for forecasting the duration and '
the ending of these ho~ spells ..
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DEPARTMENT.OFTRANSPO~T .. CANADAMETEOROLOGI.CAL BRANCH-----------------.""--.......-
An: Empirical Method forthe.Predictton

of Breaks in Hot Sl?ells at Vancouv~r:,;

1:>Y

1 .. INmODUCTION

1,,10 When the daity maximum temperature re~ches' 7soF at Vancouver
-Airport g the day can be described as warino' On suchocoa:~ioasll temperatures

in urban ar~as win generally be tw() to four degrees higher' and such tempera­
tures are'c~rtainly ollaraeteristico:f' wannweather f}.s far as this area is
concerJ:'led 0 .. . ,

1~20 . Ec~nomically these hot spells are important ll sinc~ humidity
in 'the forests usually drops to very'iowleveb if they are prolo~ged~ If
forestry'wprk is suspended~ logging operators must decide whether to under=
wfi teo the eXpElnSe of keep~ng the crews in camp or of disp'ersing them and .
fac.~~g ~lle", t~~k. of reasse"Wibly lat~r~

'1;;30 . "The tourist industry is also a major factor in the
provincialeconomy:o ;:::t'h~ g~E!'at nUIilbers .o'f ,nati;ve.sand,visitors that spend
thed:r"annua.:r·vacation.1p BeCeare vitally interested in these'~spells of
w~rin ieather. j) p.flr1;icll~!i~ly'Whe~ they last .long enough:, ~g.rest~ict .public
acc'ess to·the ·forests" . . ... , ... ... ,.. -;

L4~ And o"f·course sales Of certain merchandise increase very
markedly during hot weather g ·Since much of it is perlshab1e it is important

1'C •

to avoid overproduction toward the' end of a prolonged hot spell ..

1050 ' Study of the. records for the period 1952=1961 diaqJosed that
the intervals when the maximum temperatUre equallep or exceeded ~~OFat

Vancouver Airport occurred only in the months May=Septemb~r.. ; Detailed exam=
inationof surfa.ce and 500 rilb charts was made during. such peri9ds and showed
that oertairi features recurrearrequently and also underwent a cyc1e· of .
changes'that was related to the duration and 'ending:of:th€1 hot speil.. It.·
was therefore considered wort~while to study these both'on the average ~d in
particula.r cases in'the hope 'that some rt11~s' could be devised for forecasting
the duration and ending of th&se spells ..

DEFINITIONS

2010 Ahot sp~ll wasdefi~ed to be any day or p~riod of days with
'daily maximum tempt3ratures at Van,couver 'Int~r~llltioJ;lal Airport, equal to or ..
grea~er than 76°F 0 A break in a hot: spell was "defined to. be" a maximum=
temp$rature. decrease of' at· least 5°F ,to .less than 76°F (in 24 hours) or a
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maximum~temperatur~'decrease' of ~t ~east 3°F to less than7~F (tn' 24 hours) and
a further drop of at least 3°F if the' f~liowin~ 24 hours',;"

t,

30 OBJECTIVE

30'1.;:, The primary objective was to forecast p froin surface and upper: air
cnartlfup:tc)'andincluding l200Z "tllis morning"p whether or not abre8k will ,

'occurtomorrOw~ "The seconda:ry Clbj~ctive ,wa.~ 'to find .parameters which would givep
early 'in "th;hot .spellp some ;nd~pa'~~on of its. dur8.tion~' Both these objectiyes
pr,~suppose "'correct foreoast:f.oi':maXiinum-temperature ·to be equal to or greater
tl1azi. 76°f for ,"today"o ' ': ,,',.

DATA-, ' ,

.;

4 0 1 0 Weather. charts for the ten year period 1952~196.l we~e- avai'labl~';'
for this studyo It was found 1:h,at· hot spells as defined above, occurred only
in the months May~eptembero

snOPTIC CHARACTERISTICS OF, A·HOT ,SBEL!t

"''5';;1 0 (, Extrenie1y warm weather along the southern. coast of, British"Coclumbia
appeari!f' .to'be associatea most often with a ridge of higll pre ssure both'at the

'''Siirf"a'ce"''and's:t''''thES'"''SpO;;mblevelo'To obtain sO!lle,idea of the ~eneral character=
""·'i,-s1;fo's"''O'T,·'tlfis·'r'i'clge;c}:l:art's forth'e ten hot spells that occurred duril'lg th,e per';"
'::f'o'a""196'O;:g61'W'erEf'avei"a.ged~'In·the 'aver~ging pr.oce.ssp the day of the break'in the·
"hot spelF'fD;;;O) 'was 'chQsenas'the reference day and mean daily ohart~ for.,12POZ
"(ie g '4 'aoDf;""'PS'l') werE,,'prepare'Q "1'or"8.'11 "days during the period extending from.>

""'three·;)aays:pri6r"':to"thEf"bre8.k.tihtr~""theda.y followingo .Since the d"ta. included
, "'l1Ot"'spln.'ls 'or'varyirig"'Ie'ri"gth9"th~ eai""lies't mean charts in the seri~s (those for

····""three· ..ana ..1;wb;'day8'·'~ead"(jr"':t:hebre8.k.)·licrtually include some iIidivic:lual oharts
represen1:a.tive"of 'c'O"ridi'ei9,hs"J)e'fore.. ··'Che oriset'ofthe hot spello Consequently'
the development of signif~c~t,reatures is .somewhat clouded but nevertheless a
characteristic patternwa's apparento

'. "~'5~'2o '''''''"fhe··meancharts· 6b,tained from ·thispreliminary analysis ·are shown
.""-rIi::"figure-s '1·· ..to:··10o::"''Thre'S....da1B·-befor'e:·the·breakp there is at "th:e, surfaoe, leve1 a

pronounced ridgec:)f .111gh' pressure ex;tep.ding f·romthe southwest acros~' the.. c,oast
.. , '·'O'f,,·i3rt'ti'sh"'Columbiao ;.;; The 'centre: of the oe1111es about 600 nautical"miles off

'tl;1e .coa~',!? "'{fih'-~he 8.:X:~~'.'~~ieAt~d".t~~4 the ,northeast and cr"s sing the -coas,t in
"'t'he V1cirii'tyo"1'·the"QUeeJi'Char"lotte Islands (fig 1) 0 Characteristic~.;1.1Y9 there
"fif"an, areaot·:-low"pr~.8~~r~in,tqe 'porthe~n:'Gqlf qf;·Al~s~a andariotl,ler area of
"loWer'~pressure'over ~he !:iri~e~o~~i1;1,i-~g~OIf>of1;h~Up.~tedStat;~8o~v The mean 500

--lrib"chart ·'for'·the sam, .'HI!ie -,shgvrs:' a ~yc~Q~ic~~rc~lati6n ~ ~ltheGu1f' of Alaska
with a nearly zonal flqr acros!! Bri.:ish, Col\Dllbiao ·Mean 5PO Iilb heigh~s are
aboutl9l00 feet in the vicinity of·Vallcouver""

503;;, Two days before the br~ak (fig 3 and4)p the axh ofslhe ridge .
lies' approximately -in the same positiqn but lSo~~' eastward e xt~nsiop., of tlle 'cel~

"i's' fPparento In the area exteIldi~H?,~c:)\ltheastward from: the Queen Charlottes to:
the' 'northWesternatates p,the 8U1"f~I:)~.;I>x::es~ures have begun to f~llo This marks
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the beginriing of the development of the .i8thermaJ.. trough", a feature that
will be discussed in more detail later" At the same. time, the preyiously
zonal flow at 500 mbs begins to distort with an upper ridg~ deVeloping
over British Columbia~ a weak troUgh forming offshore and a slight filling
of the cyclone in the northern Gulf of Alaska"

fig .1.
Three Da;y-s before the "Break

fig 2
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504. 'l'he charts f or the day before ,the break show that these trends

have cont.inuedo 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 pressure (fig 5).. Intensification of the upper
ridge has continued '\dth the a.Xismovinga few degrees toward the': east .. ' 'This
movement is more: noticeable in'northerll sectors but is significant in'south­
ern areas as well (fig 6).

Orie Day before the "Break"
fig 5

I

I
I '

l.,
~----

/

3urface pressure, 1200Z 500 mb height:l 1200Z '
;

5e50 At this time it should be mentioned tpat data were extracted
f:rom basic charts using a grid of points approximately 250 miles apart. This
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
,dol,l;ble structure,' one axis extending from a southern low into the central
interior of British Columbia with a second axis along the coast.. However this
patter~ cannot be considered'too derinite since it may be produced in part by,
sea level corrections involving high mean temperature at 'high level inland
stations~ 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
axes ..

5..6.. ' On the day of the break, it is apparent that two major changes
have taken place.. Firstly'the thermal trough has weakened and made a decisive
~El.Stward·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 press~re 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)0
During the preceding 24-hours, 500 mb.heights at Vancouver have fallen
about 150 feet on the average o

fig 7
Day of the "Break"

fig 8
I
\

I

\

"., .~\.\~.. ,
\

\' I I .

I-_IT', ~ \ I...
! --/ I

I I--_ ..... _-..,

Surface pressure l200Z 500 mb height l200Z

5070 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 nBreak"
.fig 9 fig 10

I

Surface preSSureD OOOOZ . 500 mb height, OOOOZ.
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; ..8., . 'J;'he movement6f· the,· thermal trough eastt-Tard from the coastal'
region is followed by an inffux of air tr.om the; ocean which is relativeli'cool
at this time of year.. The arrival of thi:::: marine .stratum epds the hot spell..
:rthe pronounced change at low levels is show 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 ..

50ge To confirm that. the thermal trough and the upper ridge represent
true departUres from mean conditionspmean sea level pressures and 50Q rob'heights
for a few points in southwestern BoO.. were computed for the period June-August and
c<;>mpared with those f O1,1nd on the mean charts that typified hot spells. during. the ..
s$1e period.. The ·result·S'are shown· on the following graphs: ..

fig II
CD5 '0")..0
{f.I

.{f.I

<D
I-..
Po<

CD

~....
5

.(1)

161'2-

...... " N\eGuI..
---})-o

I :9+1

k':rTlbev-I~~w'I,.· '

'!> -I

~-o

D+I

-
- ­.....

-'

_--JL-::------ 1) ~ 3

Cross~section showing surface thermal trough

t'J 100

.p

'fo
.~ Iqooo
~

~
o
o
10

Iq:z.oo ,-

fig 12
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Cross-section showing 500 mb ridge
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,
5 0 10 0 These graphs portray ,cross=sections,of the surface pressure

ana.,'500 mbheight across the thermal tl'C!lugh and, the upper air r~dgeo

"5 ..110 The first graph shows that during hot spells (D~3 and D..,'2) "
the sur'faoepressure 'is greater than averageo The initial deve~opment of
the ther.ma1 trough is seen on D=2" and it deepens considerably over Tofino
aiia ·Vanoouverby D',,;;lo 'On tq.e day 0'1' the break (D=O) "the tro~gh has moved
eastward and this motion is oontinued on the day after the break (D+l) 0

:""50'120 '"The second graph shGWsthat preceding and during~, break
i.n the'het, spell" the 500 mb height ,is considerably above the meai{ summer

"'hei'ght o Also the building of the ridge (D=3 and D=~) and it~, eastward motion
(D~2" D=lD D=O and D+l) as well as the approach of ~e trough(D~" D+l) can

be follewsdo " '

"l'YPICAL"UPPER AIR FEATURES ACCOMPANYING A BREAK

6 0 1 0 As mentioned previous~y" the break ina hot spell is caused
primarily by the influx of a cool JI1!l,rine, stratum' f'romthe adjacent oceano To
illustrate the changes in air mass structu~e that accompany this inflUX,,' some
temperature ascent curves are port~ayed in figure 130

~60'2; TIle asoents are the standard radiosondes taken at Seattle
twioe daily at4 aom~ and 4 pomo local standard ~meoThese cover
the peried from 4 pomo August 13 to 4 aomoAugust 16" 19610

6 0'30 It is i:5bvious that a great change in maximum tempel'atull"e teok
place between 4 ponio of' the fourteenth an~ 4 porn", or' the fifteentho The

, oeoling, is most pronoupced' and' :most 'regul,r near the s1-lrf'aceo A't: higher ,
levels" coeling is stillevident,althoug~'itis neither as pronounced nor as
X"egularas that near the surface 0'

6 0 40 The :full extent of' ~Urra.ce ~()oling is shown in the 4 aomo
ascent for August siXteentho .. The marine ,stratumD · tiOpped ~ a stTong
invers:ion "at. about the '900 mb'levelp is very, evi:de:p.t in this ,ascente

6 0 50 The upper oooling is i~di~atlve of the arrival of' an upper
trough or at least the recession'of an upper ridgeo '

6 06 0 , . In this parti.cular case" hi~h level instability prElduced some
rainfall p but on' many ocoasions this does not· happen 0

6 0 7 0 It is of interest t'onote. that by,August 180 the maximum
temperature had 'c1~bed again to levels approximating those of the fourteentho

. ;
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fig 13,
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4' p."" . 4r.rtt\" 4 P """
Tephigram showing upper a.fr features accompanying a break
in a hot spell of August 1961.. (Ascent at Seattle Sl 100
miles south or Vancouver, Boeo)

6080 The following graph shows that the break occurred at ~ancouver
at a bout OOOOLST' on the sixteenth, or at least eight hours later than the -_­
Seattle coolingo This time delay is apparently caused by the 100 mile distance
between Vancouver and Seattleo
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Daily temperature changes accompanying a break
in the hot spell at Vancouver, B"C"

PRELTh1INARY INVESTIGATION OF Har SPELIS

7,,10 Initially, graphs of the daily maximum temperatures at Van-
couver Airport versus time were drawn to select the hot spells arid the time
of ending" Similar graph,s were also drawn for Abbotsford. and Nanaimo"
Comparison with the Vancouver graph showed that, the hot spells extended
uniformly throughout the' wwer Fraser Valley and Georgia Strait region and
affected an area at ,least 80 miles in breadth"

8.. METHOD OF APPROACH

801" The' general method adopted was to find significant para-
meters Xl' X211 X3 and X4 which, when combined in the manner shownj) would
yield ~he predicant Yo .

Xl ' >X' ,>~, y

~ >
8020' ,These parameters X~ were obtained from mean surface and upper

air charts draWn for the periods or ihterest" The folloWing grid, was employed
in drawing, these charts:
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fig 15
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8e.3'" The grid 'Was square; superimposed on a Lambert Conformal Gonic
Base chart .." Grid distance 'Wa~ approximately 250 nautical miles ..

8 ..40, The resulting mean charts were' then differenced grapl;ii'cally to
show the areas of most pronounced daily change both at the surface- and' upper air
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 syrloptic
pattern, charts for corresponding days in each SPell would be almost identical.
~e derived mean charts would also be the same o ~election of' parameter.s,w()~ld

then become relatively simple and would involve only the choosing of patterns
that showed definite change from day today and were' not characteristic of'
ch.arts for periods when no hot spell existedl> '

8 ..5$ Forecast rules formulated under these conditions ~oU1dbe

highly successfulo However, in practice, each mean chart is the result of
averaging charts that are not identical but only similar" This "scatter", ~n a
sense, limits the efficiency of a chosen predictor and results in rule::! that
are less than 100 percent effective ..

8 ..6.. Consequently, each predictor chosen from the mean char~s was
tested for significance using the chi square method (see appendix). This·''''
eliminated about .36 parameters out of 48 that ,appeared suitable during 'first
inspection of the charts ..
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_ ~.o 7'0 The following is an example of how the chi square test was
applied to test the significance of a single parameter. In this case p the
parameter is the surface pressure differencA between Calgary and Sandspit.
For each hot day, this difference was calculated from the l?OOZ chart. Then,
as is shown, this value was plotte~ along one'of two straight lines, according

. to whether the occasion was a ''break''or a "no-break" dayo

..,:,._-,---''-'''-'''--_._'-'...:..:._._....,j---=-
I

'--..,_ ..-..------.. --·..:..-..:....---:-···.-:..1-···. .

Sf:. G r-CLd .
,

I. __ ...__1 .. _._I . .I ...L LI_ ..-"-_---,I~--LI--~!,__---'I
-10 -14 -)., 0 :2..- l+ <a g /0 ,::L ILj,..,1:,

·ye,. :ifP

8 0 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 "ho-breaks" (in this case, 308 mb) was chosen' and a vertical line
drawn through ito Those days whose parametric value fell below 308 mb were
forecast as "no-break" days and those days with a value above 3.8 rob as
"break" days. From these data g the following contingency table was formedg'

.forecast

no
break break

break 17 7 24- .

no "

break 5, . 32 37
0

22 39 61

8.9. Then the chi square value for this parameter was calculated in
..the manner described in the appendix. In this caseD 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 valUe had been less than 6.3, the parameter would
have been rejectedo

FIRST APPROACH

9.1. Using the ten last hot spells (those in the period 1960~6l)p

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 diffet:'=
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.



CIR= 3748
'TEC= 430
1 Novo 62

do 12 =
, <.

Several parameters suggest~d th~selve~ but when tested against all available
data p they proved to,be ineoncl~siveo '

10 0 SECOND APPROACH

'""IO~-l~ It wasl'elt that the grouringof hot spells of varyin~ duration,
Was possibly confusing the issueo The h9t spells were therefore gro'ilped:,accora1

;ding"'to:];en'gtbo Ca'te'gt;>ries were'chosen as follows g

G~ooup A 000' one=day hot spells

Group B 000 two=d,ay hot sp,lls

Group C 000 three-day-plus hot spells

10 0 2 0 Another reason for this approach was that the one=day hot spells
'appeared,"to~'beeBsentiallydifferent from the longer hot spellso For the mest

'''part"'they:appearedto be associated with features that moved or cha.nged fairly
quickly whereas th~ longer ones" were associated with features that moved more
slow-lyo

110 ONE=DAY 'HO T SPELLS

"iiolo 'The one=day hot spells were arranged chronologically ap.d every
second one,was chosen to form a subgroupo Using data from this sUbe;r'ouPD mean
charts were drawn for the surfaceD 700 mb and 500 mb levels for 1200Z of the day

"before 'the'hot sI'-eTl and the 'first day of the hot spell (ie g the t\vp days pre=
oEicHng the"break) o 'These charts were differenced graphically to locate para­
meters indicative of the impendi~g bre~ (see oharts on page 15)0 These para=
meters were then tested by the chi square ~sto

, " . '.

1102 0 'In order to u'ti'lizethe"Umited data to best advantal?,;, and to
reduoe' any possible, spurious effects which may have weighted our _,mean chartsD
the'foTlowing'dataseleciting'scheme was 'adopted 0 Data 'for all' parp.eters which
were indloative of' a'break,were 'drawn--from'thefirst day of a.l1 one-day h<)t ­
spells used in dr~ng the ,mean charts plus one half' r::if' the remaini:pg oneaoday
hot spells not used; in drawing 'the mean charts o Data for all par~~ters which
were indlcative of a no=break were drawn from the first day ,of all two=day and '
three-day-plus hot spellso One quarter of this data was left to be used asa
test o

1l~'30 'or all the parameters' found in this manner and tested by the chi
square testD on~y four were feund to be of sufficient significance to warrant
further "wol';ko These were g ,

~) : 500 mb' hErlght at Jasper

x2 ... 1105
p."" 9/100 000

X2 "" 7 0 0
P "" 9/1000
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X3) 24 hour surface pressure change at 47~/135OW

The symbols used ar~:

x?- = 7 0 0
p' = 9/iooo

x2 =8 0 9
. p =5/iooo

.:-

Xi =number associated with the parameter

x?- = chi square value (ie: a measure of' the significance of the
parameter)

p = probability that the parameter is caused by c1imatological chance ..

11.. 5.. '··The relationship' between the parameters ~ and
brought out by plotting two scatter diagrams. as shown::

Pro1>o h i 1"'-,
X, ~2C"H

predicant Y was

11060 As an-example showing how the lines separating the probability zones
were drawn, this process will be described for the graph numbered A-I of figure 210
Without any lines on it, this graph looked as follows:

~
~
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Light parall~l lines were drawn to separate the distribution of dots
and, cros~es i~ta a m~mber of apprGlximately equally populated regions
in sucll away that.!> on ni,oving from the concentration of dots toth,e
concentration ofoross6s.!> the percentage of crosses in the regions
rose steadily te nearly'lOOperceIlt~Thispercentage» calculated tell
the nearest ten percent.!> was interpreted as the probability that an
event follewing into the ~egion wOllldbe a "preak"0'· The percentages
shGWn onth~s,e~le may differ s~ightlyrrom those ~sed on the origi~al
grapl'!-A-l b,cause' ~n the efam~le both test anddeve1<ilpmental data were '.
plo~ted w~~~eas only geve!op.mental data were used oIl the originalo

~ " I

:t .800 ~
""2::.
Plfl
.;t

ThrCDugh the centre of eac4 region g a heavy Hile was dra)"l11o,. Each line
was~abeled with the prababili ty value of its particul!:!-r" regiopo Where
necessary.!> further lines were added by interpolation between existing
linesunti~ the graph was divided into prqbability zones by lines spaced
about every twenty percent 0 Thus the two' scatter diagrams pictured \
aboyewere completed" '

11 0 7 0 Each day w~ich reqUired a "b~eak" or "no-breiik" decision was
associated with four par~eterse By using the two scatter diagrams g it
was possible to associate two probabilities (of a, "break") with each
date" These two probabilitie~~ere then plotted on the third scatter
diagramsl'i-own beloyvo. . . :" .' "
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11080 A ~ing1e strtil.ight line ~s drawn to separate the "breaks" from
the "no br~aks"~ In~this connection there is no good reason why the fipal curve
should be a str~ight line 0 HoweveI1'g if this method is ~o be effectivel) the,
curve should be' simPle~ It is 'r~alizEld t~at ~he ~umbe~of hot spells concerned
was not 'very larg~o: It is hoped thataddltion of ftitwoe cases 1I)B.Y result in'
some refinement of the curveso . ..

. . ~ . . !~

11090 . The data which as yet had :not been used at all (eme quarter of
the origi~l data>' was: used ti.~. a test o' . The following resu~tsg using the befaire
mentionedpar~aters9werefoUndg

• , " I •

Pevelopme~ta14ata

forecast
Test data
forecast

."9 13

6" 'S"

53

no
break

i.

j':'-

2

brea.ic

break

no
'."brau I bre$.k,

br~ak
.,'\

7 2013

no
break , 8 ;1.9' 27

r.' '. 21 26 41
.\ '; ,

''tl
Q)

t
CD' ..
l7J

,;0
, '0"

Percent correct 000 68% Percent correct

Skili score "o(tOO 0 0 38 Skill SCore 00000 0 0 17
. I' _, ", .,':, . . If'

, The Skill score is a measure of tnf)""skill'i:i:lvs,lved in ~erel'"

It is U:P:ity whena..11 forecasts are correct and zero when thE! for·ecasts
t. thos~ Gbt~iriecl"b:r p",r$' chim,c~o It 'is further discussed 1nth&

,', " "",' , . ,

11 0 10 0

, castingo
~r~ equal
appendix 0

Uollo ..' Sfl1ce,the ,~estQ,t~{l)btainedfortheprEldicti@nof, bre8.k, in a one,,;,
dayb~t spf)ll' d~cfnE)t :se.Elin;)~,eoi~ignifican1;;':.i-t:!!,~s,<iectdea to refine the grid t.
ensure that the filler d~tailS·of,,:tl1-E!.mElan ;jUrf.a:ce':patt,ern were brol,1ght (!luto .
Henceg a revised.: and, moredEitafled<surface mean char.tWas drawn using sea level

• • ," ", ., 't~;" '''';-'," "':,.'.~. :-••,:.,~.: ,." •• :, ••,;~," •••• " • ,',

,.. : ~ ,
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pressures from actual stations in the Pacific North-Westo
used are shown on figUre 18 6
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The grid points

fig 18
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11012.. The mean surface, charts thus obtained (shown on page 19)
were treated in the same ma~mer as the ones just discussed.. The significant
parameters found were~

1) surface pressure difference.. Calgary minus

2) 24 hour change in pressure at Sandspit

3) surface pressure difference, Kimberly
minus Bull Harbour, '

Sandspit x2 =19..0
P = 1/100~000

X2 =11..7
P =8/10,000

X2 =14.. 5
P,= 3/10,000

>..',. ~.' ~ .

, To these three parameters wasad~ed the first parameter listed previously..
The three graphs A-1 9 A-2 and'A43 were drawn in 'the manner previously
described and are shown on page '210

11013.. Inspection of the graphs A-I,. A-2 and A-3 brings up some inter-
esting pointso Firstly, ,the, slopes of the probability lines is an indication
of the significance ,of the parameter being usedo'l'huss> the parameters on the
ordinates of A-I and A=2 are not quite as significant at the corresponding
parameters along the abscissaeo This;ts well borne out by their chi square
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values. Secondlyo the separation of the "break" from the "no break" cases on
A-I and A-2 is not too evident. However, on A-J, it is quite clear. Thirdly,
the position of t~e exceptions on A-Jis quite conspicuous; they are defin­
itely not borderline cases o It .is rather mysti,fying why these errors should
be so drastic.

The following results were obtained:

Developmental data
forecast

Test data
forecast

:no
break break

'break 16 3 19

no
break 3 21 24

19 24 43

Percent correct ••• 86%

Skill sc,ore. 0 0• 0 0.72

," no
b,reak break

break 4 2 6

no
break 4 9 13

8 II 19,

Percent correct • 00 68%

Skill score .oo.~ 0.33

, 11.15. It is interesting to note that this' particular test involving
, four parameters can,be reduced to "one ;involving-~6ne·'-si.t1g1e parameter, 'lh~ sur;;.
,face gradient· between Calgary and Sandspi,t. ' Prediction of IJbrea~" if tne
pressure difference exceeds 3.8 rob and "no break" if it is less than 308 mb
yields the following: result,s:

Developmental data Test data

Percent correct ••• 0

Skill score 00000006

84%
0066 0.42

12~ TWO-DAY HOT SPELLS

12.10 The hot spells were arranged' chrono'logically and data from
about one half of. them were used to draw mean charts of the surface pressure,
700 rob height and 500. rob height'·for 1200Z of' the'two,,'days preceding the break.
These c:qarts, "shown on page 22,' were:·then graphically>differenced~to obtain "
parameters in" the' manner'mentioned previouslyo Parameters obtained were
again tested with the chi square test usingabout'three· quarters of the datao
The four mqst significant parameters were:
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'. 2} 500mb height difference:~':SpokatiEL'minus'

Annette

3) 700 mb height difference 0 Spokan~ minus.
Annette

'4~ 500trlb.,:b:eight at 52oN/135f?rd~
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:x2 =: 607
P =1/100

X2 = 8 8
P ='5il000

X2 ::: 110 0
P == 1/1000

'. X2 =607
P ;;: 1/100

The correspOndingset.,of"thre$!,tgraphs·is:,'shown::on,page.::24\:', 'Thei '''no breaku

data were "obtained. from th;'v!s,~,cond:d~y of··the( thre'e:.;,;p.ay,:.;plus; hot· spells 0

The .f o:tlowing.: re.:?,ults w.erec.gb:t~i:ned: '. .

Developmental data
forecast·

:'. no
:. brea~. ~. 1:?;reak "", ..

Test data
forecast·

no
.'" 'break. '. break .

9· .. · ···.<3break'

no
break': 2'

11

,'\', '.

, .13'
'~. .

16
.... -~.. .

27

, ,;~.

'break' 2 2 4

i .·.no·.
t breaK: 0 "; 5 ~.. '"

C).
. . ' ,. ,,~

~ 2 7 9

,Percent. Correct 000 ~8z1, Percent· Correct 000, 78%

.Skill score 0000 o. 0062 .

THREE...DAY;"'PLUS HOI'. ,SPELL, .

. Skill score 000000 0,052

13010\ ' .!.The.s~.l.Jl0:t.·.spella":W&r~;<~t.r~~te.d..~i.n;{~!:.::~nner..':cs,iuJi.la,r ~:to.. :the;'ltwo.. ~· ,. "
day hot spells' J,:" .Tl;1e:1P~".Q.~'f.t;ere:~9:~;!;:wa~s,,'f,~:·:~1tneNtna'F1~~":'.:of'~,\;salec,ting: ',data'" .",'The:

....break" and ""'no 'break" ;:da:taJat~,~,be~1:,i/Sh:~n';~aph~C~,;;11'aS.·;'i~6J.ao.WS·l .,: ,,:~, ',. ,....

.:."

Three..day-plus hot spell 000

o' 0 0 0

1: 0 0

....

"break" data.· was drawn from

,- :

, "uno breaku dat~"Vf~~\·drawjlfrbm .. t:Qe~!3 days
·r .' P,

/



I

tv
tv
8

,

----JJ:-

)I f1t>0 t.v

I,
fig 23

500 mb height and 24 hour change

b
" ' qoO
~\

\

Surface pressure and 24 hour ~hange

\

\

I
I

---- If> :.l').~
\ \,

/' ,\
-,~,;/"j," >-,
! -'

\' #'

,/ .

()o

,Cb
\Q

/. ,,'

~---,__ _-2:'"'.,0
, \o~ :

\

Last DayofTWo-Diiy Hot Spell
.. (mean of 9, charts" 1200Z)





Cm... 3748
TEC= 430
1 Novo 62

- 24 -

13020 The resultant mean charts are shewn on page 26.., The significant
parameters obtained were:

1) 24 hour 500 rob height change at Yakutat'

2) 24 hour 500 rob height change at 57°N/143OW

4) ,24 hour 700 rob height change at,Yakutat

x2 = 80 2
P =7/1000

X2 = 14 0 7
P = 2/10,000

x2 = 1202
P =1/100

X2 =60 8
P = 1/100

The graphs shown on' page '28 yield the following 'results:

Developmental data
forecast

no
brea.k, break i

break 12 )' 15

no "'. .,.

break 4 '26 , , 30

1 16 29 45

Percent correct 000 85%

Skill sco~e 0,0: 000 0 0 66

.... -

Test data
forecast

.' no
"break' .break

break
' ,

43 1
no

bre~k
"

2 6 8, ,

,,'

? 7 If

Perc~nt ~orrect ~ 0 ~ 75%

Skil~ aCO~e ~ooo~ 0 0 47

l3;0l.J.o" "'. '" The patteFJl:',:o! probabi+ity lines on ·C-l is sufficiently unusual
to warrant so~' comme:nto, Thee reason for, the V-shaped paitern;:was to place the"
"no break" o<:currences at ,the bot-tom of. the:graph~in ,a lower",probability zone,
and hence:' to" cause-theii"remova'l- froIn:the:::"brea'k'" ,region' of C-3 ~

, ',.. - .

1305. More informatIon' will be needed··before·itcan; be decided whether'
,this pattern is caused by a chaI1ce distribution ,or is: cons1stento If the second
of these aiternatives' is -true p thE:.lO' R' physical' explanation' will have ·tobe fbund o

13 06 0 The parameter irt"question is the';, 500- mhheight"'at' 57o.N/1430Wp
about 750 nautical miles north-west of Vancouvero A parametric value of about
18300 feet gives a: strong indication 9f a "break" whereas values higher or lower
than this tend to ind,icate a' "no-break" 0 .
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13070 Ineffectp,theshape of the curves of figure, 27 9 C-1 indicate
that the 24 hour height:change'''of the 700mb<l:.evelover'Yakutat is a significant
parameter orrly"if: ,the- 500'mb"height"at', 570N!14.3OWis:,greater"'tMn18p200 feet o
Contour heights' of less ttmrthis" value' would ;nIOst" of:, the~time'±nd±p'a:te the pre­
sence' of a ,cold low iti:'the""vicirrity.;, If'-a"cold low d6es"erlSt'-in·'the"Gulf of'
Alaskapit is un;J.ikely that a' change occurring some hundreds of mile s to the
north of it could have any immediate influence on the weather in solithern BoC o

lENGTH OF HOT' SPELL

1401 0 During' the- ,above'investigation.in1A,.theeno.ing'of'hot':spel1s of'
:varyi:nglength~>:,it'~'s',noted·that-'certain"parameters":obtained'on' the' first 'day'
'of._;tr~ h?t spell ~pded to :sf3pfJ-ratethe 'three:"'daYr,plW!)19t-SpE!11s ,from :trhe ,,1;.wo­
g.ay'"ahd"one.;.day" h6t,'spe1ls'~"'I'hEr.four lllbst:'signifi:Cant:::;o(t;!i~'se'paramet¢rs:were:. ,- ~. . . . ':

1) 24 hour 'surface pressure,':change at47°N/IB7'~

2) , surfaqe pressure at 430N/138OW

.3), surface 'pr~s$ure'afSandspit .. '~.".: .

X2 = 70 4
p :::,8/1000

2 "
X =1203'
p = 7/10 9 000

2 '
X= 1108,

,P = 8/10 9 000:

'X2 = '9'09'
P = ~/1000

14,,20 "Using 'thes~, parameters p thetttt-eE/~a'ph:s R-l p R-2 "and R~.3 'on
, pag~ .30 were drawn~' The results were ~

Test data
f st

, Percent- ''Correct 000 79fJ,' /',

oreca
",

C A B
'C,

"

S 2 7
, ,

'A~EF, 2 10 12

7 12 19

. ."~ \

Developmental data
forecast'

Perc~nt,corre~t'</~.;':84%

Skillscqre, 0,,~ ..~~': 0~6i:, '

'0
C A B'

(J) C 9 4,: 13t
(J)

"ApB 3. 30CI) '2!l ',".g
Ii:: 31 '4:3,'

: .:.

','

'Symbols used:
" '

one.-day and,two-day hot spells

CO"" 0 three-day-plus hot";spells"
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Developmental data Test data

Percent Sldll .. Percent .• Skill
correct score correct score

Prediction of break in one-day
hot spell (using'4 parameters) 86% 0072 68% 0 0 33

of break
. ,

Prediction in one-day
hot 'spell (using, I parameter) 84% 0 0 66 74% 0 0 42

.,
, .

Prediction of··bnea:k.'in' iwo~day
hot spell (using 4 parameters) 82% 006? 78% 0 0 59

" '"
.....

Prediction of break '. in three-
day-plus hot' spell (using 4

85~parameters) . Oo6p 75% 0047

Prediction of three-day-plus
hot spell (using 4 parameters) 84% 0 0 61 79% Oo5~

.Average··"·-,···· ....... ,_.~ ...
8t~% . . -...- .

"0.65 '75% -','"

'O~46
~ "

"

15,;1. Predict1:ons'"listed'1:rr'the''' first- fOllr'TOWS-of" "the' above table
constituteforeca-st-sp' madeearli one'-mornin~ppredictingan"·end'to·tpe hot·
spell on the'succeedingday 0 • Predictions in the last row are forecasts .
made early one morning forecasting that the hot spell beginning that day will
continue'for"at"least:~-three'days. .

DIsCUSSION OF RESULTS

16 0 10 An analysis of this type produces a series of -graphso Each
graph achieves some separation between ca~es of IIbreakiL and- nno break" 0 "

Ideally' the fina::L graph should have produced complete separation'o In pra­
ctice, since'the' pafaIl1Sters have'. 'an·llefficiency·"of less than-IOO percent f

separation is' incomplete in'the-final chart'; the·,tlno break area', will be
slightly contam:i:nated'byoccasions"of "break"and-'vice;o..V'ersa'o As' a rule..,
these' situati'ons'should occur 'near'ther border "beween the-groups. In this
,i"nvestigation"some'drastic' e,xcE:pt±ons'occurred', arr'occ'asiorialevent"'being
found associ~tedwith,valt!esof parameters th?-t were 'so extreme that its
opposite was cleariy indicatedo Further analysis of these cases elicited "the
following possibilities: .

.1) It is possib-Ie that: some breaks' actually occurred on the
day'befqre the maximum te,mpl'lrature dropped, but after ,
reaching' a daily maximum w.h~ch still satisfied the "no' '
break" criterion.
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2) A westerly sea breeze may have shortened a hot spell at the
Vancouve~ Airport independentl¥ of any other parametric
features 0,

160 2 0 A further limitationof,this project was the lack of sufficient
data 0 For the ten year period of investigation (1952~1961)9 the following
nq.mber of hot spells wasfoundg

25one...day hot,spells

l7two..day'hot spells

6 three;;;;oday"<not spells
, \

! . .

3 four;;;.dayhpt'spells

3 five;..day'hot spells

3 siX=day hot spells

3 seven,;"day hot spells

2"'eight-";-day"'hot'-'spel1s

To testthe'results~' onlY"'a smal::J: numberof"cases-could' be'used~ Thus o witp. the
test data 0 ' a single exception could weightthe'resultsconsiderably~ However 0

this project-isconsider:ed,to' be"only ,an initial a~lysis of the prob I.emo The
methods outlined will be' followed-'a t- the Vancouver"Meteo!"91ogical:" Office during
the next' ferT years 0' By therio it is hoped that data mll be sufficient to effect
further refinements in some areas of the charts and raise the efficiency of the
method to a maximum'';'

16030 A striking "feature "of' this·"study"is' the'''relatively'''close agreeme!lt _
among the results f'or--the'varioushot'spells' (refer··totable'~.page"" 29 ) 0 A fur:"
ther study of. the exceptions might reveal subgroups which could be dealt with
separat~lyo The dates of all exceptionshave been recorded to facilitate such
a study'o ' ,

, ,.,1.'

i

16 0 4 0 The fo~een cases of pred'ictiqn 'oftlnobreak" when-· i1break"
actually occurred were checked in' more· detai-l o' rtwas found that on only one of
tnese occurrences did rain aceoinpany thebreak-;, This isto'be c6mpared~ to the,,'
overall ratio of 24 "rain..;.1;)real<s", and" 38 "no~raiIi;.;breakstlo ,That is';" two out of'
eve:ryfivebreaks were accotnpanied"by"rain~ Sihce"23 out· of'"the- 24 "rain~breaks"
were' correct'ly predictep:

9
' it' would, seem-thlIt.. ·the·paraineters··used·are·'·particularly ,

well attuned to raino This' is further emphasized by the fact that although 96%
of the "rain=breaks" were correctly predicted9 . only 24 out of 38 (ie: ..'63%)' of
the "lJo=rC!-in-b~eaksilwere correc:tlyforecasto

16050 The official temperature 'forecastsm;:ide during thes~me hot spells
were studied in order to obtain a measure of the usefulness·of the forecasts'
which coUld be obtained based on the before-mentioned tests Q
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1606" A brief inspection' of maximum;;.otemperaturElpredictions; durin§ ,
hot spells showed' that"750 F is' far more-frequent'lyforecast·, than either 74 F'
or 76°F. Since an error of one' degree inrnaximum,;;;tempet-ature"forecasts is of
litt:le, concerrr~-,it was-'decided to' use 75°F' as"the' criticalmaxirrru.mo:temperature
for thecompari:soninstead- of 76°F' as had' been stated in :the definitiono No
j.nconsistancY is brought' 'abotit"since"'the" definition 'is' concerned' with actual

. temperatures'onl:r~"'ThuS';"forthi:5"c6mparison', a forecast max-:imum-~mperature

of greater than or equal to 75°F is labeled a hot spell and a rnaxim~tempera­

tUre decrease to less than7:50F is labeled a breako '

16.70 The results are best·shown in tabular formo '(Note: Forecasting
"break tomorrow" is done only after'acorrectforecast of "hot spell toc;lay" has
be'en"made'~-)

Forecast made Correct forecasts
this morning

..
:

,
One-day' hot spell today 9/25 =36%
hot spell ,

.~
break' tomorrow 6/9 = 67%

"

Two-day hot spell today 25/34 = 74%
hot spell "

, .. ' , "

break tomorrow 3/5 = 60%'
"

.. no..;,break 'tomorrow'" 7/2Q = 35%

Three-day- hot spell today.. , 94/100 =94%
plus hot'
spell break tomorrow 5/11 = 45%

no-break tomorrow 69/83 =83%

Contingency tables:;

no
" break break

break 5 14 19

no
break 6 69 75

11 83 94

Three-day-plus hot spells
forecast-oreca

no·
break break

break 3 13 16
-no

break 2 7 9

5 20 25
, ,

,
Two~d~ hot spells

f t

Percent correct "... 40%

Skill score •• o.~ -0.03

Percent correct 000 79%

Skill score 00 •• 0 00 33
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CONCLUSION

'- 32 -

17 0 1 It' was found possible' to develop' anobjE?ctive'me'thod";for pre..;
dicting'breaks'inhot'spells' at Vancouver: -Internati'onal:'Airporto '" The parameters
needed"are 'all 'obtainable 'from'weather-:chartsupto~and'iricluding1200Z,"this
morningllr th1:s"fac:i::litates'forecasting..·llbreakll or- II no"break" 'tomorrow 0 It 'was
also' found'pos'sibleto pred:i::ct'the"relative,length:ofa"hot~:spell,'bnits first,
day.;·' The'present"'study'-of-necessity"was,based'ona'l:i;mited'amourit"-of datao "

The'method'-lends"itse:L:f--to'-further -refinement as, -moreinfqrmationbecomes
available~ This refinement will! be a continuing project at the 'Vancouver Met""
eorologica;l Office in succeedi~ surnmers'~ ," , , , ' ,

APFROVED "
, , p"
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APPENDIX

Skill score' .. "

1901.1.. The" skill score i~a'mathematical tool used 'to give a measure
of s~i11 in'forecasting. It' is equal to unity when all forecasts are correct"
and it is zero when the number of correct forecasts equals the number that can
be expected' by clima:tologtcal Ghaneee

Consider':the--forlow:i::ng' contingency table:

f torec s '"

occurence nonoccurence " ,

occurence " Xl x
3 IS.

, >- ., " ,

nonoccureI1q~ Xz X· R4 2

C
l 'C TZ

~~r of 'events ,in that groupwhere: X:i. =-num

Xi = Xl + X;

RZ =xZ +X4

Cl =Xl + X z
Cz =~+ ~
T =--R

1
+ R

Z
:;: C

l
+ Cz total number, of:foreca'sts '

Let F = Xl + ~4 :or nUltiber ofG,orrect'i'foreca~ts

The skill score(S) is defined by:

S = F - D
T - D

.'
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" CR +CR
, where D = 1 1 2' 2 =

T

, . -,h
e-..)"if'<-

C.R.
~ ,~.

T

~, '

Chi square (X2 ) test is a useful test for determining the sig-
nificanceof meteorological data 0 .'

i' •

(usiIlg .the above mentioneg contin...
gener' table)

E = eXpected' frequency. determined by chance

...~ T l~Cl +~~2 +;~~Cl +R~cD

. , 'The probability of a parar1l.eter being cau~~d by chance (P) is a
single'valued- functi:6n·of--:x2 ..·and..··i:s--given··'by..i:;he.."f'ollowi!ng. table: '

1.90 0001 0O~ 002 046·-2 ':0 L3 08 5..y4 6'03) Q:..o 08 ••• 00 00

Parameter is insignificant00 0 oinconclusive. 0 o'osignif(cant

099
, .

095 . 090 050 010 0000000

1 .~ •

"

;-.

'.
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PREDICTION OF BREAKS IN HOT SPELLS - VANCOUVER AIRPORT

DElFIN! TIONS: Hot Spell: max T'> 7SOF

Break: A max T~ -SoF to less than 7SoF.

CIR-3748
TEC-430
1 Nov. 62.
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1. Obtain and record. parametric values for
graphs A-l and A-2 from 12008 charts
for this morning (and yesterday morning
where necessary).

2. Obtain corresponding probabilities from
A-l and A-2.

3. Record both on A-3.

4. Resultant probability for "break" or "no
break" is stated on graph A-3.

ONE-DAY HOT SPELLS
Object

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

Prerequisites:

a) max T yester,day < 75°F

b) max T forecast for today~ 75°F

Procedure'

\
-

pility that theProba hot
spell will last at 1east

~ days- 74%

1\
-

\
~

\
Prob~ bility that th8\
hot spell wi11 not
last 3 d~ys_ = 86%

\

LONG HOT SPELLS

Object

To forecast: hot spell will last at least
three days ~ not.

Prerequisites:

a) max T yesterday <75°F

b) max T forecast .for today.) 7SoF

Procedure:

1. Obtain and record parametric values for
graphs R-l andR-2 from 1200g 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.
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500 mb height at 52°N/1350W

Prerequisites,

Object

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

a) max T 2 days ago < 75°F

b) max T yesterday~ 7SOF

c) max T forecast for today 75°F

Procedures

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 probabilities.from
B-1 alid B-2.

3. Record both on B-3.

4. Resultant probability for "break" or "no
break" is stated on graph B-3.

TWO-DAY HOT SPELLS•

c- 1 o -.2 0-3

THREE-DAY -PLUS HOT sPEtLs
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"break" or "no break" tomorrowTo forecast,

Prerequisites,

a) max T for at least the past 2 days> 7SoF

b) max T forecast for today). 7SoF

Procedure'

1. Obtain and record parametric values
for graphs 0-1 and 0-2 from 12003 chart
this morning (and yesterday morning where
necessary).

2. Obtain corresponding probabi1iti~s from
0-1 and 0-2.

3. Record both on graph C-3.

4. Resultant probability £or "break" or "no
break" is stated on graph 0-3.


