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Elt'RORS IN OBJECTIVE TEMPERATURE FORECASTS
FOR OTTAWA

by

W.1. Pug sley

ABSTRACT

An analysi s of the errors appearing in the teITlperature fore­
casts provided by the Central Analysis Office for Ottawa has been
carried out for the period 1 DeceITlber 1969 to 3 oN oveITlber 1970.
It was found that cloud cover and precipitation occurrence has a
ITlarked influence on these errors.

ERREURS DES PREVISIONS OBJECTIVES DE TEMPERATURE
POUR LA REGION D'OTTAWA

par

W.1. Pug sley

L'analyse des erreurs des prevIsIons de teITlperature eITlises
par Ie Centre d'analyse d' Ottawa au'cours de la periode du l·er
deceITlbre 1969 au 30 noveITlbre 1970 a ITlontre que la couverture
nuageuse et les precipitations ont une influence considerable sur
les erreurs de prevision.
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ERRORS IN OBJECTIVE 'TEMPERA TURE F'ORECASTS FOROTTA WA

by

Wo 10 Pugsley

(Manuscript received March 16 p 1971)

1. Introduction

Until quite recently prognostic fields forecast byco:mputerin
Canada were restricted touppeJ;" level or large scale features, of
,theat:mosphere. In the fall of 1969; the ·Central Analysis Office
'(CAO) began,routineforeca.s'tsof surfacete:mperature :maxi:ma and
:minima for 'periodsup to csi,*ty hours' inadvanceo The approach
was si:milar to that of theUnitedStates Weather Bureau which began
routine objective ,te:mperature forecasts for'various urban centers
in 19680

Both countries havedevel~ped regression equations fro:m
statistical analyses of upper air fields and persistence correlated
to su:rfacete:mperature,extre:meso Althoughadditional factors, such
as frontal discontinuities, clouds, and local influences undoubtedly
affect lhe te:mperature regi:me, these ele:ments <'~i:theT' carmot be
forecast wi.th suffic'ient accuracy or ha'vea ITlino r, influE:~ceo

- >.- ~ •

In the for:mulation of. the:r egres sion equations, various para=
::meters 'were 'screened by their correlation with te:mperat'ure ex",:
tre:meso By this ::meanstherelativei:mportance ·of the para:meters,
wasestablishedo Of the 'para:meter sconsidered by Yacowar (1968)
for Canadian ,stations, the 850,:mbo te:mperature was;:rno-!lt;,highly
correlated to 'predicted surfacete:mperatures.' Klein and Lewis
(1970), ina'si:milar exa:mination of thicknesses and heights in the '­
United States, found that the 1000 ,to 500:mb ,thickne.ss had the
highest corr,elation tothepredictand.

Fro:m the standpoint of the forecaster in the field, subjective
te:mperatureforecastsare influenced pri:marilyby-low levelther:mal
advection, persistence, cloud a:mount, and precipitation occurrence.
Neither objective:method :mentioned abpve,consi.dered the Ias;t:two

,factors, except indirectlythroughthicknessadvection. Inthisstudy
the,objectivete:mperature forecasts issued by the· CAO were veri~

fled, for Ottawa, Ontario,fora twelve:monthperiodo An atte:mpt
':Vas made to find the effect of varying cloud cover' and prec ipitation
on the ·errors o

\ '
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2.. Method·

TheCAOproduces temperature forecasts at 1600Z and 0400Zfor
selected statlonsin ,Canada. Both issues contain forecast minima for

_the next two nights (referred to below as MINI and- MIN2) andmaxirrl.a_
for the -next two days(referre-d-to·b€;)low as MAXI and MAX2}. The
minimum is forecast for -the·pe.riodm-idnight to noon local time, and
the maximum for ·the period poon tomidnighL The ,valid time -of the
upper level predictors for minima is 1200Z and for maxima, OOOOZ.

These forecasts'were verified against the temperature extremes
observed at Ottawa International Airport (OW) forthe per iod prescr ibed'
above. The forecasts issued at 1600Z were examined for ·theJp.e]~i;i:oa

1 December 1969 to 30 November 1970; those issued at 0400Z, ·for
the period 1Apr il 1970 to 30 November 19700 _ The commencement of
verification wasdeterminedbythe firstmonth of regular transmission
of the forecasts. Where an abnormal trendexisted, the appropriate
extreme was chosen within the defined period. For example, when a
maximum occurred after midnight, the highest temperature up to
midnight was' selected for -verification. .

For comparison, the temperature forecasts issued by·the duty
forecas ter -at Canad ian Force s Base Uplands (UP) at:td the climatologi-

-cal values for Ottawa (1890=1964) were considered over the same
periodo A degree of independence from the objective forecast was
sought by selecting the mid-morning subjective forecast (issued at
1000 hours local time) . for comparison with the 1600Z CAO foreca,st.
and thelate·evening subjective forecast (issued at 2130 hours -local
time) for comparison with the·0400Z CAOforecast. In the mid=morning;
a comparison is available for the minimum the following night,as
well as ,for the maximum the next day. In the late 'evening, -only the
next dayis maximum was compared as' there is no short range objec­
ti ve minimum forecast for thecomingnighto

The influence of clouds and precipi tation on objective temper a.­
ture'error 'was determined byfirst ascertaining the average hourly
cloud arrlOuilt (includ ing obstruc tion by ground based phenomena) and
the occurrence of precipitation in each twelve hour 'period. The
periods selected .( 0 100Z to 1200Z forpiinima, 1300Z toZ400Z for
maxima) were assumed to have the greatest influence on the respective
extremes. -The-average -cloud amount!;>· wer,e· categor ized as follows ~
00 0 to 0.20, 0021 to 0040, 0 041 to 0060, 00 61 to 0080, 0.81. to L 00;
The average· monthly bias (alge·braic err¢>r ) and average monthly
absolute error of theCAO temperature's were calculated for each
cloud categoryo The bias error was calculated by subtracting the
observed temperature from the forecast value .

. ....

•

•
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3. Results

Severa,! faetorsshould be 'considered before a detailed examina­
tion'of the forecast errorspresent~dbelow.

i) If consecutivet~mperature extremes (maximum, minimum,'
maximum, etc. ),are thought of as related events, the know­
ledge of the one immediately prec'eding the forecast is an
advantage in: the forecast preparation. When the··1600Z fore­
cast is iss,ued, the,previous.day's'maximum and minimum
are, known. From this; forecasts of the coming night" s
minimum .and the' next gay's. m,aximum ar.e is sued. By0400Z
the forecast 6f ~he next day' srnaximum is aided by the maxi=
mU!TI.observedjust be'fcme issue time. For this reason alone,
the 04002 forecast of the next day's maximum shouldbe· TI}ore
accurate than that of the ·1600Z forecast. As well, the fore-

. 'cast minima sho.uld be more ac'curate thanfJthe ·next day's
maximum when both are· is sued at 1600z. This :line of
~·ea.soning'negates a comparisonof the late evening's forecast
minimum with the las t oqjective for,ecast of this temperature
issued at ~600Z(or 0400Z).

i i) On ,the 13 July 1970 the format of the Canad ian public forecas t
was: changed. Previously, temperatu-reswere forecast to the,
nearest fivedegr'ees(e. g., 80). Under ·thenew format,'
temperatures are forecast by a five deg-ree range (e. g., 80
to 85). Superficially the 'new format appear s les s'preclseo
It has the advantage, however, of refining the forecast to -the
neaTest ,2.5 deg. F. if one takes the·middle·of the 'rangefor
yer ification, as was done in, this study..In.addition, where
·uncertainty exists as to the forecast e:ktreme, there should
be les s temptation to .forecastmaxima too high or minima
too low~ One ·would expect, th,at any positive bias for maxima
and any negative bias:for.minima-wouldbe'reduced or elimina­
ted in forecasts issued after 13 July 1970.

iii} A bnormaltempera turetrends presenr~ problem from both a
forecast and ver ification viewpoint. The computer forecast
extremes 'are valid .for given periods, and so, do not take
account of abnormal trends. _Where -upper air data, such as
1000 to 500 mb. thickness, is used, the valid time for minima
is 1200Z, and for maxima, OOOOZ. These times are appro=
priate fornorm.al temperature trends. In this study the
maximum temperature for'verification was· taken' to be the
highest hourly temperature ·betweennoon and mid-night, and
the 'minimum, the lowest hourly temperature between mid-

. night and noon. The forecast terpperatures were selected in
like ,manner. No account was taken of an extreme. ,ohs:erved
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in the "wrong" per iod. This' gi ve s an advantage to the ITlore
£lexibles'ubjective for~cast. Up to the end of 1970, there has
not been one instance bf an abnorITlal trend forecast bytoITl­
puter for Ottawa .(i. e.,a ITlip.iITluITl forecast higher than a
succeeding or precedipgITlaxiITluITl).

Monthly vaLues of the'root ITlean square error (RMS) and the average
bias of the 16002 objective, subjective and cliITlatologicalforecasts acre
shown in Table 1 (ITlaxiITla) and Table2 (ITliniITla). Corresponding ITlaxi­
ITlUITl teITlperatures froITl the 04002 forecasts are shown in Table 3. For

. reasons stated above, teITlperatureITliniITla forecast subjectively in the
late evening are not cOITlparable with objective valu~s.

'Deviations froITl cliITlatological values are useful in a cOITlparison
with forecasts. The RMS error fora given ITlonthwascoITlp:ute.d froITl
the SUITl of the'squaresof the daily errors, ITleaned over the nUITlber of
days in theITlonth. The square root of this ITlean of the squared errors>
is the RMS error. The ITlagnitude of theRMS error isan indication of
the·degree of scatter of observed teITlperaturesabout norITlal values,
and consequently, the probable estiITlation difficulty. Any positive or
negative deviation froITl norITlal can be !coITlpared with the appropriate
forecast bias to ascertain the interdependence of the two.

4. RMS and Bias Errors

An exaITlination of Tables 1, 2 and 3 .reveals several features
foreseen above, as well asa few unexpected ones. The RMS errors of
the cliITlatological values are highest in winter and sITlaUest in spring
and SUITlITler. This result could have been anticipated froITl the standard
deviation of ITlonthly observed teITlperatures shown in the Hourly Data
SUITlITlaries for Ottawa. The greatest RMSerrors in the UP and CAO
forecasts issued at 16002 occurred in February, the saITle ITlonth as in
the cliITlatological forecast. There was no siITlilarrelationship between
the leastRMS errors. In Table 1 the objective forecast had the sITlallest
RMS error for ITlaxiITla in three months,' In Table 2 th~ ·objective fore­
casts were ITloreaccurate in six.ITlonths.More surprisingly, in Ti',\,ble
3, the CAO product was the better in six out of eight ITlonths. Tyner
(1970) as well found the CAO teITlperature forecasts'ITlore accurate than
the subjective forecasts of the AtlantiC' ·Weather Central for selected
ITlaritiITle locations in the wi'nter of 196(.1', 1970.

Ina follow up to Tyner's study, Fitzgerald (1970) exaITlined teITl­
perature errors in the MaritiITles during thesuITlITler 'of 1970. He found
that the Atlantic Weather Central had superior forecasts ;for Nova Scotia
and Newfoundland in terITlS of standard deviation, although the CAO
product was better in Prince Edwardlsland and New Brunswick. Where
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the CAOfore,'castswere ,inferi9r'" :the 'tendency was, to overestimate
'maxima aild tlJ:1qerestimate:rn.ihirt;1a in provinces :where maritime
influence~ :~re great~S~.·i,.:rri£ef:e:s,~tn.gly, th~ CAOg ssucce~s in New
BrunswiCk and Prince .E,dwardIs~·aild.w'lstempered byariegative bias
in bothmaxima',i':a;~fi'y~iWiii~;,whe,f¢asth~ Weather- Central was posi-
ti vel y biased iil'hoth forecasfs. i

The biaso£ the Uplands subj~ctiveforecast was generally posi­
tive formax1r:na, andn~:gative'formJnirn~asanticipatedabove; On
the average the CAO over'.estimated the maximum temperaturesieYer,;Y
month, while.a small ne'gativebi;;tswasevident in the CAO minima.
.In this case, ,the local irifiueI;1ce ,bfthe Ottawa river valley in :tf<~pp'i:ng

cold air and yielding lower maxi.mawas the probable cause, as dis­
cussed by Powe (l968)anq McHattie( 1957)~ There does not seem. to
have been any noticeable -improvement in the bias of the subjective
forecast after ,July under the'uew forec,§tst format..

5. Influence of Cloud Cover on Temperature Errors

A ttention will be turned at thiss'tage to a closer examination
of the objective temperature errors and their relationship to cloud
cover andp~ecipitationoccurrenc~. If:a forecast of temperature is
made without regard to cloud cover" one .mightexpect the follow.ing
errors. With clear skies observed minima should be lowerdu.e -to
optimum long waverad~ation'ernis~ ion, and observed maxima higher
due to optimum incoming short vJaverad iation. With overcast s kie$

. the ,sign of the 'error isrev~rsed; rnin'irna .should be higher due to
back -radiation from cloud andnia)Cima lower due to a decrease in
ins-olation. The 'question 'remains, how large are these error-s?
The data that follows should give part of the :answero

In Figurel, the average ,-erroro! the 'objective temperatur:e
forecast over ,the, twelve.monthperiod(Decembe'r ·1969 to November

,1970) is plotted against the ,cor;responding cloud cover interval. Only
the short range forecasts of thefir·st nighesminimum{MINl) and the
next day' smaximum(MAXl} are shown~. The minimum error C'.qr-Yje~

follows the :expected range, varyirigfromapositive ,bias under clear
skies to an almost equal negative bias under 'overcast skies,; Zer'o

-bias occurs at about 0. 2c1oud cover. While the bias for the maximum
error is positive for overcast condlt:ionsand decreasesw.ith less
cloud down to ,0.,3 cloud cove·r. it ~nCreases toa larger positive value

'under 'clea·rcond.itions. His in the maximum foreca.st, particularly,
where the influence of the Ottawa 'valley should be ·greatest in pro­
ducing a ,pos>itive 'QiasoFrorn Figure, I it appears that the valley
'effect, on an annual basis, overwhelms the opposHe ·influence ·of clear
skies. The :probablereason for :thi!" cis :the :fr'equent combination of
light winds with clear skiesand:the :,subsequent formation of a strong
inversion in the morning.



Figure 1.
Average Bias Error of MAXI (1600Z) and MINI (1600Z)

as a Function of Cloud AnlOunt
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The 'seasonal variation of the bias of the CAO forecasts with
regard to cloud amount wase}{aminedo As,the bias errors for clear
and overcast conditions were greater month by month. than for
scattered to broken skies, these two cloud amount intervals were
selected. InF·igure 2 the bias of the16QOZ MAXl'forecast is plotted
for each ITlOntho In Figtlre 3,th~correspondingmonthlybias of the

.16 OOZ;..'MI,)N;:l)t.C~1i!\:~;sh~·W»'. . .

Several features of these 'grr,tphsare noteworthy. In Figure ,2
the positive bias of MAXI forecasts r'e'ached a maximum under clear
skies in February and. under overcast skies, in June. In both :months
the ·alternatecloud amountbiaswa.s small or slightlY'negativeo The
overestimation of maximum temperatures under clear skies in ITlid­
winter sugges t8 that the valley effect is ;a maximum when cloud cover
and insolation ar'e leasto The ·mLd,summer peak of the overcast sky
'maximum temperature bias may be explained by the greater propor­
tionatedecrease of insolation by cloud in summer. A secondary maxi­
Inurn for both:cloud categor,ies occurred .in September and October 0

No explanation is offeredo

In Figure3 the MIN 1 pos i ti ve bias with clear skies and negative
.biaswith an overcast increased steadily in magnitude from near zero
inApril to a maximum in November. then dropped to small value s again
in Februaryo The form of the·c.·¥~Alr.,:.s·lS:Y:,::su,r;ves~.fsug'Ke!':ts'~arelation
between minimum temperature a'nd soil moisture that normaHydrops
through the.late summer and .early fall and thereby leads to colder
night temperatureso The overcast sky minimum temperature curve
maybe influenced in an opposite sense by the same factor. Upstream
minima, produced under clear skies in dry land areas away from large
bodies of water. may have been used to calculate minima at Ottawao
In eastern Ontario air is modified to a greater degree by water tra­
jectories or through advection of moisture at low levelso In either
case this factor ·would lessen in December because '0£ £reeze-hp 'and
the,buiLd-upo£ a substantial snow cover.

The mean biaseso£ the 1600Z and 0400Z temperature forecasts
are presented in Table 4 and Table 5, respectively. With the excep­
tion of the Large·positi ve bias of the 1600Zfor'ecastmaxima,all biases
follow the :expected trend in relation to c 10ud.am,ount.It is noted that
0400Z forecasts cover only the ·monthsApdl to November and lack
the large 'positive bias under clear 'skieso

The 'mean monthly absolut~ 'errors for each cloud category,
a ve·raged ove'r the given periods for the 1600Z and 0400Z objective
forecasts, are shown .in Tabl~6 and Table 7 respectively. The abso­
lute'erroris least in thefirst temperature forecast at each issue ..time
fora cloud cover less than 0.7, with an error of the 'same magnitude
for MINI (0400Z) with 0 0 5 to O. 7 cloud amount. The 'ahsoluteerror
increases with the extent of the for.ecastperio.do Of noteLs ,the high
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error of the 'second forecast maximum,pa'r.ticularly under overcast
conditions. MAXZ(0400Z) is less .tha'n MAXZ (1600Z) for 'each cloud
category hecaus:e of the knowledge of an additional .maximum before
issue ·time. It is :curious that the error for .MINZ(0400Z) is less than
that for MAXZ( 04002) in that theer'rorlwasnot propagated and en­
larged with time. This suggests,a'gainthat a local influence,. such as
the ·valley effect, affects the maximum toa greaterdegr'eethan the
:minimum.

Influence ·Of Precipitation Occurrence ,On Temperature ErrorB
. I

It was the hope ·of the 'author' that a., subjective adjustment could
be'applied to the objective temperaturefore'cast on the basis of para­
meter.s for'eseen by ·the forecaster ..in the field but not available in
numerical for.m. Such a parameter ts:the occurrence of pr.ecipitation,
rega'rdles:sof cloud cover ,within twelve hour:periods for upto.s;i:xly
hour sinadvance. Intuitively one'would expeetprolonged precipitation
to lower the diurnal range of te.mperature (i. e., maximum lower and·
minimum higher), andanabsence of precipitationto increase the range.

A survey of prec.ipitation 'occurr.ence within the "maximum tem­
pe'rature period" (1Z00Z to2.40pZ).an'd the "minimum temperature
:pe'riod" (0:0002 to .1Z0.02) was c0P'lpletedtogether with the appropriate
1600Z and 0400Z temperature errors. The ·average biasand::aosolufe
err.or for :precipitation; no precipitation, and for aU case's are shown
for ·the 1600Z;and040nZ forecasts in Taq~!l8and Table 9 respectively.. .

Precipitation had the expec~~effectof rais ing minima'and lowe'r=
ingmaxima -from the' values forecast. A negative bias for the·minima
forecasts 'avera'ged betwe'en -1. 0 and -1.9 deg. F. in ,both the shor.t
and long range. Alar ge-rpositi ve bias . existed for maxima with 'about
3. 5 deg. F. in the short range and 5. 0 deg. F. in the long range.
Absolute .errors lay between 4. 8and7 ,dO deg. F. , increasing with the
length of the -forecast per.iod. A small.positivebiaswasmost evident
in all forecastso£ per'iods :without .precipitation·with values less.than
.1. 1 deg. F. for minima, and between 1. o and 3. Odeg.F . for maxima.
AbsoLute errors 'weresmalle-r than dur;ing per.iods with pr'ecipitation.
For 'all cases the 's:lgn of the: errd'rsre.sembled those with prec ipitation
although the .magnitude was less ..

7. Conclusions and Suggested Improvements

The ·RMSerrors:and biase:s of objectively forecast temperatures
compared favourably with·thesubjeet'i veproduet of the:Uplands weather
office, . pa'r.ticula·rly dur.ing the ·non winte'rmonths. Forecast maxima
tended towa'rdanaverage positivebiasof 1. 9 toZ. 9 deg. F.
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More attention should .bepaid to cloud amount in the use,or
numer ical development of the CAO pr·oduct. A predictable and con­
sistent bias of temperature error 'with cloud amount was -shown in
this study for Ottawa in 1970. Several;.publications have ·outlined the
use of upper level isanabat and moisture prognostic charts in the pre­
diction of cloud and precipitation~ Jarvis, Kagawa and MacNeil (1968)
su~~estthat,_on the average, an upward' ver~ical velocity of 0.25 x
10mb. sec 1 or more produces broken mlddle cloud, and 0.90 x

·10-3m b. s'ec- 1 or more produces precipitation. A further study of
cloud probability from vertical velocity was presented by Hi:e·dThy.,
(1969). Since the date of that publication, a relative humidity~vertical

velocity forecast map valid for up to thirty six hour.s has been trans-­
mitted to Canadian weather offices. The probability of cloud amount
.andprecipitation may be obtained from this chart following .the work
of Moore and Pruett (1968). They point out that when the vertically
meaned relative humicFty is greater than 70%, the frequency of pre­
cipitati.on is greater than 99o/c. A -second·,approach:-to<the· ·forecast of
temperature, as well as cloud and precipitation, is through: ',the,'use'
of numerically pred icteda ir parceLtrajectories. Barnum and Diercks
(1969) have presented this technique as used for 'various stations in
the United States by the A ir Weather Service. This method, ideally
suited to prognosis by computer model, appears most promising.

The influence of topography remains the basic problem in the
advection of surface weather conditions. It has been shown that the
Ottawa valley is responsible for J.n appreciable positive bias in the
forecast of maximum temperature'So Fur.ther investigation into .lo,cal
factors at .other·s ites" togethe'rwith the development of mOre accurate
guidance .material, should produce an objective forecast with minimal
·error.

APPROVED

J. R. H. Noble,
Administrator,

Canadian Meteorological Service.
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TABLE 1• MAXIMUM TEMPERA TURE ERRORS 'FO.ft FORECASTS'ISSUED 1600Z-deg. F.
(bias without parentheses," RMS.ifrrors within parentheses).

MONTH CAO UP CLIM.

12/69 3. 8( 6. 8) 1.8(5.3) 7.2(110 2)
1/70 6.9( 9.9) 0.6(5.0) 8. 5( 13. 7)
2/70 4.2(11.1). , -2. 1(8.0) 2. 8( 14. 4)
3/70 3. 8( 5. 7,) "i.8(4.9) L 7( 6.4)
4/70 0.9( Q.9) -0. 1(6.6) -0. 1( 9. 1)
5/70 4.4( 8. 0) 1. O( 6. 9) 2. 7 ( 8. 6)
6/70 2. 3( 6. 6) 0.9(6.4) 0.6( 7.6)

-7/70 2. 5( 5. 3) 1. 3(5.8) 1. 1( 6.,6)
8/70 0.1( 4.6) 1. 3(5. 1) O. 2( 7. 1)
9/70 3. 5( 5. 9) 3. 1(5.8) 2.8(7.6)

10/70 4. 5( 7. 4) ~o 1(5.9) - 10 9( 8. 7)
11/70 1. 3( 4. 4) - 1. 1( 5. 6) -1.7( 6.6)

MEANS 2.9( 6. 8) 0.9(6.0) 1. 6( , 8. 8)

TAB'LE 2

MINIMUM TEMPERATU.RE ERRORS FOR FORECASTS ISSUED 1600Z-deg. F.
(bias without parentheses, RMS ~rrors within parentheses).

MONTH CAO UP CLIM.

12/69 = 1. 5( 7. 4) 0.7(5.7) -3. 6( 10. 8)
1/70 O. O( 5.4) - 1. 1( 6. 1) 4.1(11.3)
2/70 -0.8(9.5) -2.8(6.6) -1. 8( 16. 4)
3/70 O. 7(4.4) -o. 515.6) - 1. 1( 7. 8)
4/70 -0.9(4.0) -0.4(4.1) - O. 8( 5~ 6)
5/70 -0.2(5.4) -0.7(5.1) - O. 8( 8. 6)
6/70 I. 1(3.5) -0.4(4.3) O. O( 7. 7)
7/70 -0.7(3.4) -0.4(3.6) -2.4{ 6. 7)
8/70 o. 3(4. 3) -0. 1(4.0) =2.8( 6. 7)
9/70 O. 1(5.0) O. 0(3.6) - 3. 7( 8. 2)

10/70 = O. 5( 5. 1) -0.1(5.1) -4. 2( 10. 0)
11/70 -1.1(5.7) -1. 1(5.4) -5. 1( 10.2)

MEANS -0.3(5.3) -0.6(4.9) - 1. 9( 9. 2)
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TABLE 3
/

MAXIMUM TEMPERA TURE ERR ORS FOR FORECASTS ISSUED ·0400Z-deg. F.
(bias without parentheses, RMS errors within parentheses).

MONTH 'CAO UP CLIM.

4/70 0.2(6.6) -0.2(5.7) -0. 1(9. 1)
5170 3.1(6.5) 0.7(6.8) 2.7(8.6)
6/70 1. 7(5. 9) 1. 3(6. 3) o. 6(7. 6)
7/70 3.2(5.1) 1. O( 5. 1) 1. 1(6.6)
8/70 0.4(4.2) 1.3(4.3) ()~2(7. 1)
9/70 2.7(4.7) 2. 5( 5. 2) 2.8(7.6)

10/70 2.6(5.4) 0.0(4.4) -1.9(8.7)
11/70 1. 0(4. 5) -0.5(4.4) .;.1.7(6.6)

MEANS . 1. 9(5.4) 0.8(5~3) 1.6(8.8)

TABLE 4

A VERAGE BIAS OF 'FORECASTS ISSUED 1600Z ACCORDING 'TO CLOUD AMOUNT
(period.l Dec 69 to 30 Nov 70) - deg. F .

GLOUD AMOUNT 0-. 2 : 2-.4 .4-. 6 . 6-. 8 . 8-1.0

MINI 2.6 -0.8 -1. 0 -0.8 ";'2.2
MAXI 3.6 1.4 2.4 2.0 3. 7
MIN2 4. 8 -0. 7 0.0 -1.8 -1.6
MAX2 3. 1 1. 1 3. 3 3. 1 5. 3

TABLE 5,
\

AVERAGE BIAS OF FORECASTS ISSUED0400ZACCORDING TO CLOUD AMOUNT
(period 1 Apr 70 to 30 Nov 70) - deg. F •

CLOUD AMOUNT 0-. 2 . 2-.4 .4-.6 . 6-. 8 . . 8-1. 0--
MAXI 0.4 O. 5 1. 3 1. 3 2. 9
MINI 3.2 -0.9 -0.8 - 1. 5 - 2. 8
MAX2 -0. 1 O. 3 1.9 2.4 6. 2
MIN2 3. 8 - 0.2 0.0 -2. 5 -2.4

•

•
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TABLE 6
. .

. i ' • ·.);~~;;"~'·.1.,

AVERAGE ABSOLUTE ERROR OF FORECASTS ISSUED' J'6~QPZ
ACCORDING TO CLOUD AMOUNT.(pe~iod 1 Dec 6Q~tb 30 No¥,; 7 dY;'2;"deg.F.

CLOUD AMOUNT 0-. 2 .2-.4 . 4-'. 6 '.6-.8 . 8.;.1.0. . .

MINI 3. 7 3.2 3. 1 4. 5 5. 0

MAXI 5. 7 4.4 4.6 4. 0 6 ..4 :

MIN2 5,6 4. 1 4.2 4.6 5.5

MAX2 6. 3 5.9 5. 3 5. 0 7.6

TABLE 7

AVERAGE ABSOLUTE ERROR OF FORECASTS ISSUED 0400Z
ACCORDING TO CLOUD AMOUNT (period 1 Apr 70 £030 Nov) - deg.Fo. ,

CLOUD AMOUNT 0.... 2 .2-.4 .4-.6 .6-.8 .8-1.0

MAx:l' 3. 6 2.7 3. 8 4.~ 5.4

MINI 4.4 4.0 3. 5 3. 0 5. 0

MAX2 40 9 404 4.3 4.9 706

MIN2 ;"5;:,.1 4. 5 4.7 3. 7 S. 0

TABLE 8

AVERAGE ERROR OF FORECAS."]:'SISSUEDI600ZACCORDINGTO
FRECIPITATION OGCURRENGE(hias'WHhout parentheses,

absolute error within parentheses; . period 1 De:c 69 .to 30 Nov 70) - deg. F.
; ..

CATEGORY PCPN. NO::gCPN. : ALL CASES

MINI -).2(4. 8) O. 3(3. '5) -0.3(402)

MAXI 3.4(509) 2. 5( 50 0) 209(5.3)

MIN2 -1. 0(5. 5) 1.1(4.8) 0.3(5.2)

MAX2 4. 8(70 0) 3. 0(6. 0) 3. 5(6.4)
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TABLE 9

AVERAGE ERROR 'TO FOR ECASTS ISSUED0400Z AC CORDING 'TO
PRECIPITATION OCCURRENCE (bias without parentheses,

absolute error within parenthe ses; period 1 Apr 70 to 30 Nov 70) - ·deg. F.

CATEGORY ·PCPN NO PCPN ALL CASES

MAXI 3.6(5.8) 1. O( 3. 6) 1. 9(4. 1)

MINI '-1.9(4.3) 0.2(4.2) -0.5(4.2)

MAX2 5. 3(6. 8) 1.6(5.1) 2.7(5.5)

MIN2 -1. 9(4. 5) 0.5(4.9) -0.3(4.8)

'e

•
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ABSTRACT: An analysis of the errors appearing in the
temperature forecasts provided by the
Central Analysis Offic,e for Ottawa has been
carried out for the period 1 December 1969
to 30 November 1970. It was found that
cloud cover and precipitation occurrence
had a marked influence on these errors.
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