


Vol. 7 A Publication of the 

Roya l Meteorological Society, Canadian Branch 

EXECUTIVE COMIUTTEE 1956 

• 
President • • • • 
Vice-President . 
Secr etary • • • 
Treasurer • • • • 
Councillors-at-large. 

• R. C. Graham 
• Dr. W. L. Godson 

• • n. Lee 
~ • • • C. G. Goodbrand 

P. Johns (Montreal) 
A. Gordon (Winnipeg) 

H. Cameron (Ottawa ) 

R. M. S. 

S . V. 

R. V. Tyner (Vancouver) 
L. B. Foster (Greenwood) 

Vice-President 
for Canada •• Dr. D. P. McIntyre 

Editor.. • • • • • • • • • • • .Morley Thomas 

No.3 

Additional copies of this publication are avai l able at a price of 25 cents 
each . All enquiries and correspondence concerning the Canadian Branch of 
the Royal Meteorological Society and ita publications should be addressed t o 

The Secr etary 
Royal lJJeteorological Society, Canadian Branch 

315 Bloor Street. West 
Toronto 5, Ontario 



A ~D!THOD OF TEMPERATURE PREDICTION 

by 

Gordon A. McKay 

Meteorol ogical Services of Canada 

~innipegl Manitoba 

An address presented to the Winnipeg Centre 
of the Royal Meteorological Society, Canadian Branch 

June 1, 1956 



A 1·IETHOD OF TID!PERATURE PREDICTION 

by Gordon Aq McKay 

This evening I should likt; to present a temperature predicti on method 
which has been applied successfully in Newfoundland and which, I believe, 
merits your consideration. Prediction aids are not too popular at Canadian 
offices for the simple reason t hat time is very much at a premium, and very few 
aids are so rewarding as to merit the use of this time . In the early t hi rties 
farm papers carried an advertisement offer ing a simple-to-operate guaranteed
to-perform fly killer . Each buyer received two blocks of wood; the fly was 
placed on one block and despatched by hitting him with the other. The method 
was simpl e and quite effective, but it was never popular sinc e just 8S good 
results could be obtained from a well-directed swat . Many of our prediction 
aids have the same failings j they are time consuming in operation and may not 
yield better r esults than a well-directed estimate. The acceptance at Gander 
of the method which I shall describe suggests that i t is worthwhile. 

Temperature predict ion methods directly or indirectly are based on 
the energy gains and 105ses experienced by the air near the ground, and the 
manner in which these ener gy changes are distributed in the vertical . Since 
air is constantly in motion, many methods employ trajectories. Commonly, 
temperature forecast s are made as follows: the maximum or minimum temperature 
which previously occurred in the air expected over the r egi on is adjusted f or 
the difference in normal temperatures between the source and t erminus and f or 
s\q., wind, dew point or other factors. Most aids are merely refinements of 
this method , and are attempts to reduce the err or s which may result from more 
arbitrary est imates. 

As e'arly as 1933 Gol d (1) i ndicated bow the tephi~ram could be used 
to de t ermine the maximum temperature. · In Canada, Washburn (7) used the 
tephigram i n developing a method of maximum t emper atur e pr edict ion f or the 
}'1aritlmes j this was later modified by Holland (3) f or use when a snow cover 
was pr esent . Attempt s have been made at ~annipeg by Muttit to r elate the 850 mb 
temperature to the surface maximum and minimum . 

Minimum temperat ur e prediction aids show more variation. Many ar e 
based on Brunt's well-known formula f or the nocturnal temperature dr op. 
Modifications have been i ntroduced t o allow for the downward transport of 
ener gy through turbulence and for the for mation of dewo Reuter ' s work centres 
about Brunt's equat ions. Other methods a r e statisti cal in approach : Knox 
has derived empirical equati ons r elating deviation of forecast minimum 
temperature for Toront o from normal minimum to the differ ence between Nalton 
and source t emper atur es at 0630 G.lLT. and to the departure of the source 
t emperature from the normal sour ce mini mum. Saunders has introduced a mor e 
novel method which is currentl y i n use at London . This is based on the cool
ing rates and the length of the cooling per iod o The discontinuit y often 
apparent in the nocturnal cooling curve owes i ts origin to the formation of 
dew at the gr ound l evel - a pr ocess which Saunder s observed to occur at a time 
dependent on the season o The temperature at t he inflection point may be com
puted from regr ession equations while further cooling i s comput ed from a ser ies 
of experiment ally obt ained curves. 
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These are but a few of the methods available. Many of these are of 
restricted usage, requiring clear skies, light winds and no advective change. 
Some are based on few data which suggests their limited applicability. Data 
published on two methods suggests that the aids would yield results inferior 
to those obtained by r outine methods. Klein, ~hile checking on precipitation 
anomalies in U.S., found a relation which verified 66 percent on the history 
data, but only 25 percent on prognosis . Often, apparently promising techniques 
fail because it is more difficult to predict the variables employed in the 
equations than it is to predict the temperature directly . 

The system which I shall now present suffers from defects as do the 
other methods; however, it has met with such success as to bring about its 
general acceptance at Gander o It is complex and incorporates directly or 
indirectly most of the factors which influence temperature; but it is 
rendered simple through the use of nomograms and by being based on parameters 
which are readily available from prognostic charts or current data . The 
method permits rapid assessment of the effects of deviations from forecast 
weather conditions, and prevents errors from inconsistent reasoning. By test, 
it has yielded r esults which were superior to the official forecasts . 

The system was developed as follows: By statistical methods a 
selection was made of the weather elements which had a significant bearing on 
temperature and which were readily available to or could be estimated by the 
f orecaster. The parameters selected were: 

1 . Thickness of the 1000-850 rnb stratum (h). 

2. Percent transmission of insolation by cloud (T). 

3 . Air-mass de\~ point at 1830 G.M. T. ( 'Id) . 

4. Geostrophic wind direction and speed(V). 

These data were used in the derivation of regression equations relating 
maximum or minimum t emperature to h,T and/ or Td • The effect of wind speed on 
the f orecast temperature was determined graphically . To facilitate the practical 
application of these equat ions, a nomographic solution was prepared. for each 
equation. 

Because of the local geography, history data were divided into groups 
according to the geographic sector in which the source region ~s located. 
These sectors were selected on the f ollowing basis. Sea temperature isotherms 
are displaced southward off the east Newfoundland coast by the action of the 
Labrador current . Where this current meets the Gulf Stream, a high concentration 
of isotherms results~ Consequentl y, southerly winds usually bring very stable 
maritime air to the island while northerly winds bring an unstable maritime 
variety. Westerly winds bring air not unlike that found over much of Eastern 
Canada . Because of the marked di f ferences in these types of air, two sectors 
were used for the analysis of maximum temperatures and three sectors for mini
mum t emperatures . The nomograms differ from month to month because of the 
se&sonal changes in the relationship between temperature and the various para
meters . 
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Examples of the nomograms are given in the figureso In Figure 1, & 
simple scale gives the f oreca st temperature, t fl as a function of thickness, h. 
The effect of cloud was f ound to be small at this time of year . The most 
commonly used form of nomogram i s illuetrated in Figure 2. The forecast 
temperature is obtained by using a straight edge linking thickness t o cloud trans
mission. Corrections f o r wind speed, lrind direction and day of the month are 
given at the base of each nomogram. When another variable, such as the dew
point, is used, the nomogram is slightly more complex. ~uch a nomogram is 
illustrated in Figure 3. Here, the straight edge is used first to link thick
ness and dew-point, obtaining a point of intersection on a reference line, Q. 
This point is then linked to the value of cl oud transmis si on and the forecast 
temperature read orf on the temperature scale. 

The variables used in the nomograms and graphs are obtained as follows. 
The thickness, cloud type and amount, and the geostrophic wind direction and 
speed are measured directly or inferred from the prognostic charts. The dew
point is taken directly from t he current 1830 G.HoT 0 synoptic report. Haurwitz 
has measured average cloud transmission for overcasts of various cloud types 
and his figures are summarized in Table I . 

Thickness is the most influential variable used, and much of the 
accuracy of this aid depends on the accuracy of prediction of this factor. With 
barotropic conditions t here is usually no problem, but with str ongly baroclinic 
conditions the problem may prove quite difficult. Thickness i s directly pro
portional to the mean virtual temperature of the stratum. It is, therefore, a 
function of such processes as radiation, conduction, turbulence, subsidence, 
ascent , and phase changes of wate r substance. While the dependence on these 
varied processes undoubted~ accounts for the excellent relation between thick
ness and maximum or rranimum t emperature , it also complicates prediction. For, 
although the assumption of geostrophic advection provldes a simple and frequently 
accur ate method of predicting thickness, it must be remembered that in some cases 
the effects of advection may be completely null ified by the other processes . The 
thickness pattern has been found to be conservative relative to the surface 
frontal positions and this factor, al ong with knowledge of l ocal radiative or 
dynamic effects, usually permits prediction with satisfactory accuracy. It is 
of interest t o note that the UoS . Vleather Bureau is experimenting with t he use 
of total thickness (1, O<XJ - 500 rob) for long range temperature prediction. 

It may be shown that most of t he significant factors affecting tempera
ture are considered in this method through the variables. Moeller has found 
that 8~fo of the r adiati on r et urning to the ground comes from the lowest 500 
metres . Through thickness, the temperature of this layer and possibly the 
temperature of the cloud base, are introduced. 

The possibl e accuracy of the method was first suggested by the 
multiple correlation coefficients of .8 obtained for the partial regression 
equation, indicating that in lIback-casting" 95% of the predictions would lie 
within 6 degr ees of the actual observed values. Following a pr omising pre
liminary trial period, during which the duty forecaster tried the equations 
and then produced the official forecast by routine methods, tabulating both 
forecasts, equations were determined for all months a nd nomograms prepared. 
Over 3000 sets of data were processed and extensive smoothi ng was employed 
t o dispose of spurious data. 
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The nomograms are easy to employ and may be used under any circ~ 
stances. They permit a rapid assessment of the effects of variations in the 
el ements used. They have given results which compare favorably with those 
obtained through experience and which are consistent with atmospheric conditions. 
The system was developed for a sea-coast locality and in application elsewhere 
certain simplifications would be in order . At higher station el evations , for 
exampl e, the surface to 700 rob thickness would be preferable to the 1000 - 850 mb 
thickness. For prairie stations, the greater convection pr esent in summer 
suggests the desirability of using the 1000 - 700 mb thickness for maximum tempera
ture forecasts, even for stations at l ow elevations. The most suitabl e thickness 
for any given l ocality could be det ermined experimentally . 

Using this method the effects of" land and sea breeze can be taken i nto 
account. A check on days when the sea breeze was quite active showed that ther e 
was. a .92 correl ation coefficient between maximum temperature and thickness. These 
investigations also showed that sea breezes were rare with geostrophic wind 
speeds of over 15 knots. By using the thickness, wind speed and di rection, the 
sea breeze mechanism is well handl ed and ceases to be a problem to temperature 
prediction. Similarly the use of these parameters improves minimum temperature 
predictions under land breeze conditions. 

References 

L Gold, E. "Maximum t emperatures and the tephigram . 1I Prof, Notes, 
Meteorol. Office, London, Vol. 5, No .3 , 9 pp., 1933. 

2. Haurwitz, B. IIInsolation in relation to cl oud t ype,lI J. }'Ieteorol., 
Vol . 5, pp 110-113, 1948. 

3. Holland, J. D. !IAn objective method of forecasting maximum temper
atures over snow- covered terrain. II Heteorol. Div . , 'l'or onto, 
Circular No. 2197 (TEC-131), Nov., 1952. 

4. Knox, J .L. IILocal Forecast Study No& 19, Toronto District. 
Toronto minimum temperature formulae. 11 Met eoroL Di v ~ , Tor onto, 
Circular No. 2202 (TEC-134), Nov., 1952. 

5 . Reuter, H. I1Cal culation of minimum temperatures and the prediction 
of ground frost . " Meteorol~ Div., Toronto, Circular No. l76S (TEC-?O), 
Apr., 1950. 

6. Saunder s, W.E. "50me further aspects of night cooling under clear 
skies. II Roy. Meteorol. Soc. , Quart . J., VoL 78, pp 603- 612, 1952. 

? Washburn, G.H . !IAn aid to forecasting maximum temperatures. II 
MeteoroL Div., Toronto, Cir cular f{o. 1469 (TEC-46), July, 1948. 



- 5 -

TAB LE I 

PEIlChNT TRANSMISSION OF INSOLA1'ION BY CLOUDS (AFTER HAURlIITZ) . 

These values of cloud transmission are for completely overcast 
skies. For scattered or broken cl oud l ayers, fractional values 

ar e used. 

Cl oud 
Type CI CS AC AS SC ST NS FOG 

Honth 

JAN 82 72 48 41 32 25 24 18 

FEB 84 78 50 41 34 25 19 17 

BAR 84 81 51 41 J4 25 17 17 

APR 84 82 51 41 34 25 16 17 

MAY 85 84 52 41 35 25 15 17 

JUN 85 84 52 41 35 25 15 17 

JUL 85 84 52 41 35 25 15 17 

AUG 85 84 52 41 35 25 15 17 

SEP 84 82 51 41 34 25 17 17 

OCT 84 80 50 41 34 25 18 17 

NOV 83 75 49 41 34 25 20 18 

DEC 82 71 47 41 32 25 25 18 

I 

I , 
• 
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