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DESIONAND EVALUATION OF A TEPHIGRAM
OVERLAY FOR PREDICTING MAXIMUM TEMPERAT,URES

by

N. H. Kagawa

ABSTRACT

An overlay to be applied to the. Canadian Tephigram (Fqrm.
63 - 2394) for the prediction of maximq.m temperature is des<:ribed
in this paper. In. o:J;"der tqapplythe oyerlay, the aIIJ.ount of energy.
which is available -for raising the te.rn:p~ratureof air in.th~ lower
layers of the atmosph,ere must be known. A procedur.e f~r ~.om

Imtin'g this eIlergy which accounts for· the depletion.of solarrac;li
ation by r,eflection, absorption and terrestrial radiation i~ des- _
criqed~ I' This rrtethod of maximum temperature.prediction was ,
eva1uat~d using-, six months (May - 0<:. tober, 1967) of daJa for
Edmonton, Alberta. _ Wh,en <::ases oftempera.ture adyection were

, ' '..

excluded so that the temperature change- ¥,las C\-. result of solar
insolation alone, it was found that useful predictions were poss
ible. An error -aI:)alysis made of 93 cases when advection was
absent gave a me~n absolute error of 2.68 degrees F and aRMS
error of 3.45 degrees F between predic ted and obs erved values·
of maximum temp e ra tur e.
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CONCEPTION ET EVALUATION D'UNE SURCHARGE DE TEPHIGRAMME
/ '

POUR LA PREVISION DE LA TEMPERATURE MAXIMALE

par

N. H. Kagawa

/ /
RESUME

Liauteur decrit une surcharge a appliquer au tephigramme
canadien'(formule 63-i394) en vue de laprevision'dela temper.;.
ature'maximale. Pour appliquer cette surcharge, il faut con
nattre la somme d' energie d~sponiblepo~.,lVant amener une ~ausse,'

de la temperaturedel"air dans lea couches inferieures de l'at
mosphere. 11 decrit une procedure de calcul de 'cette energie
qui tient c'ompte du tarissement de la radiation sol,aire par la
re!lexion, l'absorptiori et'la radiation terrestre". Gette methode
de prevision dEdci:tempe'rattire 'maximale a ete evaluee. en utilisant
des donne es portant sur une periode de six moi s (de mai a octobre
1967) pqur Edmonton(Alb.). Apres avoir exclules c'as d'cidvec'"
tion ~e temperature pour ne tenir compte que des changements
de temperature ,du8 au~eul rayonnemen t solaire, l' auteur a
decouvert que des previ'sionsutiles et.aient possibles. Une'
analyse d'erreur de 93 cas d1absence 'd'advection a donne une
'erreurabsoluemoyenne de 2. 68 ~gres F'et un'e erreur moyenne
quadratique de 3.45 degres F entre les valeurs prevues et les
valeurs observees de temperature maximale.
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DESIGN AND EVALUATIONOF A TEPHIGRAM OVERLAY

FOR PR.EDICTING MAXIMUM TEMPERATURES
~! ; ,":"i : E .~ t" 7 l"

by

. '. ~ ~-' : ~ :.:

1. Introduction

The prediction of .maximum terrtperatdre i s'1l ptobl~fu. tlie
forecaster must cope with daily. It would therefore be usefuJ .tp
havea-nJ<objec ti v<e method' h~:d; e'cl bn physical 'prlncipfe's'fo"r h~l).<;l';. ."
ling this problem. In th.e United states and BrH~\:d, t~~:ri's"parie'dt"O,'j

" overlays which are to be applied over a thermodynamic diagram
_. (~, ... t. _ ~ \ i

have' been designed for this pu_(p'.<?~~~. The technique involves the
calculation of that portion of sola~ radiation which contributes to
raising the temperature of the air and adding this amount of eJ;lergy
to the"'sunLr'i"i3'e femp~f!lhi"ilsdtihdTn'g .(',lFb:r;~~'a"s'tS" ili.'cl.'d.""e int!i.{~! w'~y

have been found to give useful and consistently-'gb6d)~ris\Yer~:.;'

B&c1au;se"of'theJsucc'kss ~tlii~'v!ed 'wi'th' flhs "h1:iith6Id:'ty{1§ ~'srud:y .
was undertaken to design an overlay which"t'biiid:15e appl{~d t6 fhE?
Canadian Tephigram( Form 63 -2394) g.nd to ~valu~teitsuse.fu1nes,s
at a ba:nadian location.~::'_~_.__':_~. ·.",··._:\.~'~_~i!'~ ,_ .....'l. ,:. (- ":. : h

2. Theory
::.; If. .: .

On a true thermodynamic diagram such as a T~phigram, a
clos ~d: 'area is direc tly proporti o:ri~l_tbi~eri:e;r.g.yJ'<If a:. sdibhie' re
lationship can be found between theset~'6 quantities i. e. heat
added and area on. a Tephigram, then a Tephigram ov~rlay can I

-. , .. ! •• , •.• ", :. ~ :.: • ,-; I '.' ' ( I " • .." G .-:. :.
be designed for use in predictin'g' maximum' temperatures. -

to are~ i

. ),,:".: ..

( 1) .

.:..

. : i

:. ,'.. ~'

WhereQ"
a

= ne'ala'dded to "the;. loweratm:osphe're due'to
, .- . .

solar insolation ";"" :".

"; ; ...

I.,

•
C' . spe'Cific :heat'bf ai'r at cons'{ant pressure =
pO. 240 cal g - 10K -1 ,,:, ,

.,; !

:\



R = gas constant for dry air = 6.8557 x 10- 2 cal
g-l oK-l

c, - 2-

'.
g = acceleration due to gravity = 980 cm sec- 2

p = mean pressure of th:~.la'yer of air immedi~tely'

above the earth's surface which' is warmed by
solar insolation.

A = area OIl: the TephigraqL

If Qais ~x~ress ed in 'call~~~, A in '~al/g a:rd p in mb, eq~a'
tion (1) may pe.written.

A- 0.. 2.8 qa i .!

P .

b2:"'~·the:c.anc¢ian Tepl:J.ig~am (F9.~:l? 6?,-2394)
1 cm'= l/i06cal/g., ..

, - :', -", . ...

an. are'a

( 2)

of.

~h~ are,a A in ~quation(2) can therefor'e be e~pressed in,c.m?
insteC3,4 9f~al/g as {o~lows: .,

/

A (cm~j:= o. 28Qa (c'alicm2 )'x 106

~ (mb)
-p

Rearrangement of equation (3) gives

Qa (~ai/c,?2) ~p (mb)xA (~m2)
29.7

. . .

3. Design of the .Tephigram Overlay

,.. .(? )

j 4,),\·

, ).

A 'rephigram overl~y for p,redicting n:J,aximum temperature
is sho~n f~ll size in Fig. 1. Its constr,uction is based on e.qua,. ...
tion( 4) which relates heat input to a closed area on the Tephigram.
The description and details of its construction are given,below:

1. In Fig. 1, the triangular areaf;AB 50C 50 , AB I
OOC I 00

AB200C2QO" J\B700C700represent heat 0X' energy
equal to 50, 100, 200, 700 call cni2 . . .

2. The £i rst side of the triangleAB w'as chqsen along the 10

deg C or 50 deg:f isothe~m.

•
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Figure I

Tephigram Overlay for Predicting Maximum Temperature
Scale: Full Size
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3. The second side of the triangle ACwas chosen along
the 1000 mb isobar on the Tephigram. Isobars on
.the Tephigram are very slightly curved. However,
in designing the overlay, the 1000 mb isobar was
approximated by the straight line AC.

4.' The third side of the triangle was constructed par
allel to the dry. adiabats and was found by trial and

!',

error. For example to find the area equal to ZOO
callcmZ of energy, a triangle ABZOOCZOO such as in
Fig. lwas draw·nas·afirstapproximation. The area
A of this triangle waq then computed and tl).e mean
pressure p was determined by averagin!5,'t~epres
sure at point BZO O and 1 OOO'mb (the Bresstirealong
the ~ase of the triangle AGZOO )' !he's~valUes of A
andp were substituted into equation (4tand,a value
for Qa was computed. This·tt;\cil and, erro:r procesf:;'
was repeated until a triangle·wh'6.p e area 'rep-resented
ZOO callcmZ was found., / . J"''.'~.;,.)<' . ':,~""

" <... .

In a siinilar manner; triCj.ngular ar'ea:~.propor.t~o~al

to 50, 100, 30Q/ ~OO,.500... 600 and.,jOO callcmZ of
ene:r;gy were found ..' '" .'

4.
. ..

Use of th~·T~phigramOveFlay
.,~ .

.. '

·-T~~:~p'~r.pc~se ···~.~tlii:s,~;s·ection is todesc ribe ~ the mechanics of
app~y;ing the Tephitgram··over'lay. This can best be demonstrated
by considering th~ examples shown in Fig. ZA and ZB .

.Consider first Fig. ZA and assume that an amount of insola
tion equal to 400 cal/cmZ is available for heating the lower atmos
phere. To predict the maximum temperature, it i.s necessary to
add an area corresponding. to 400 call cmZ to a temp.e.,ra.ture sC?und
ing taken th.rough the atmosphere at sunrise. If the overlay were
superimposed onto the sounding, a picture 'such as Fig. ZA would
result where the triangular area AB400C400 represents 400 call
cmZ. To add area A~400C400 to the sounding, note that it is the
sum of the two areas B400C400 ZY and AYZ. If the overlay- is
adjusted such that area A YZ = area XB 0 Y, area XB400C400 ZY
then represents 400 cal/cmZ of heat ad£e~ to the sunrise sounding
and the maximum temperature which can be attained is the tem
perature at point C400 . Note that during the adjustment of the over
lay to obtain area 'AYZ = area XB400Y, the base of the overlay
should parallel as closely as possible the isobar through point Z.

•
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.~OUNDING AT SUNRiSE

SOUNDING AT SUNRISE

FIGURE 28

Figure 2

Use of the Tephigrarn Overlay
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With regard to Fig, 2B, it is as sumed that 100 call cm2 of

insolation is available for heating and raising the temperature of
the lower atmosphere. It is therefore necessary to add area
ABr6Tiel6'o"to ~he'sunrise sounding- to obtain a prediction"of rnax-"""" "
imum temperahlre. This is done by adjusting the,overlay until
area XWVY = area DVB 100 + area A Y Z and the ~aximum tem
perature forecas t is the temperature at point 01 00'

" >
, ;'_.'

In a similar manner, it is possible to)ipply the overlay to
any temperature sounding regardless of its 'configuration, and
thus arrive ,at a p~edic tion of maximurp. Jemperature.

r:
'"

5. Computation of Energy Available 'fqr Heating the Lower
Atmosphere '. f

In order to forecast. maximum temperat~'~es usi~~'th~
Tephigram overlay, it is necessary to.bbtain a quaritLtative es
timate of the energy available for raisii1~ the temperature of the
air near the gro1J.nd. A procedure for accomplishing this has
been suggested by Myers (7) and Dickey (1). Their method is
d..e.sJ:.ribed ,:below with only. minor .Ghangl?s ..

1. Enter Fig. 3 (of the Appendix) with the date, the j'"

predicted amount of cloud cover in tenths of sky, ; "
and'thestatioidatittide. Re'ad 6fftheins~bl'atioriin .
callcm2 ., Fig. 3A represents insolation values
for latitude 45 degrees N and Figs. 3E, 3C and
3D, the values for latitudes 50, 55 and 6o..,degrees

, .' ;;,

N respectively.. Values given by these 'graphs
represen't energy available for war.r.ning the lower
atmospher'e after accounting for)oss of sol,arql.d-;: ".
iation' by~eflecti.on from the sky/ and clouds. '

The graphs of Fig. 3 were des'tgne/L' as follows.
The amount of solar energy in " cali' cm2. which
would be incident' on the eart1}' s surface in one day
if there were no atmosphere,was determined from
data by Shaw (10). Follovying Myers (7), 80 per
cent of these values w~·~ t~ken to find the amount
of energy which contributes~o raising the surface

'\ "

temperature to the daily max·irnum. These energy
amountswere then reduc ed to acc'oiint for renee
tion by sky and clouds according to aibedo values
given in Table 1.

~.

'.
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2., In addition to reflection of solar radiation by clouds
and sky, reflec tion by ,the earth's surfac e reduges
the energy available~ for raising the temperatuF-e of
the air as shown by Dickey (1). Enter Tahie2 6i'"ihe
Appenq,ix and find the albedo of the earth's sqrfctce
at the location where the forecast is to bernade.,.
Reduce the insolation found in Step 2 by an amount
corr,e~ponding t~' the albe'd 0 'of the surface.'

,. :i

3. Part of the incoming solar energy must confribute to
heating the soil and'is therefore not, available for
raising the temperature of the air. 'Myers (7) sug
gests that on the average, approximately 20 per cent'
of the insolation between sunrise and maximum tem
pEgatu,re time gO,e.s int<;:> heating the soil. Therefore
the ins~lati<:m ,calc~iated in Step 3 above should he'

,reducedfurtl1er by 20 ,perc ent.
;'1

4. The earthradiates approximately as a black body at , ' '
. a rate proportional to the temperature of the earth's'

'J

surface. To estimate the net loss of long-wave ter-
~~f? trial rad'iation with clear s:kies" enter' Table 3,' Of
the,. Appendix wi'th the expect~davkrage te'mpe.ra'ture. '
and. the l'ength pf.ti~e,betw~en sunrise an~l,maxrrnum
temperature,.' The :m:ean times ofmaximum'.t(i)I1}per:
ature for various locations in Canada may be found in
data published by Harley (4).

Table 3 afterHewson and Longley( 12), gives the: long'
wave terrestrial radiation values with clear ski.es.;~.. '
If clouds are present; the net los s of ter res trial radla..'
tion will be less than wi'th clear skies arid can be,'~om';'
puted using the formula, ' " , , ...', "

(5)

•

where

So(n)'= net loss of long-wave terrestrial radia-:

. tion with n tenths of cloud.

So =net loss 'of long-'wave terrestrial radia-,
tion with cloudless skies.

k a constantdepending on the cloud type and
cloud height. Reuter (9) sugges ts. the following

, values for :k,
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,Cii-rostratus
'Altostratus
Stratus
Nimbostratus

Value of k.

0.031
0~063

0.085
0.099

n = number of tenths of sky covered/by'cloud.

T.he value of So(n) computed in this
manner must now be subtracted from
'the value obtained in Step 3 •

. :-

\

The amount of energy remaining after Step 4 repr'esents
thatportio~o:ftheodginalincorrit'ng solar'radiationwhich coil:;'
tributes to raising the temperature'of the air. The Tephigram
overlay can now be used to add this value of heat to a plot of
the sunrise radiosonde ascent, and to predict the,maxi]!l~m:
temperature. :;

It shQp.ld be ~oted that evaporation from the earth's sur
face will furth~r red~ce 'th~ainc>tmt of ener gy for heating the
air in the low~r levels 'but has been assumed small ornegli
ble in the above analysis. If, however~ the evaporation amount
is known quarititative~y, the heat required to produce this evap
oration can be deducted from the' value obtained in Step 4, or
otherwise, a qualitative adjustment can be made.

6. Experiments in Forecasting Maximum Temperatures With
the Tephigram Overlay. '

Predictiom of maximum temperature were made for' Ed
monton, Aih.. , 'du'r'ing"the period May 1 - October 31, 1967.
Since the Tephigram overlay cannot be applied on occasions
when temperature advection contr ibutes ,to the temperature
change, these cases were eliminated from the test data. To
assess whether or not advection was a factor contributing to
the change of temperature, the 1200 GMT radiosonde as~ents

were plotted on a Tephi,gram and examined. 1£ the 700 mb
temperature changed by 3' degrees C or more iIi the following
24 hour period, it was assumed advection had taken place and'
the case was rej ected. When this criterion was employed to
assess advection, 93 days of this ,six month period were found
acceptable as " no _a dvection days". The experiments with the
overlay were then performed on these 93 da'ys.

\

" ,

It was realized that the method of detE;lrmining advection
used here has limitations sinc~ advection can occur at levels
below 700 mbleaving the 700 mb temperature virtually un
changed. However, in the majorityofcases, experience shows
700 mb and lower level temperature advection occur simultan-
eously.' '

'.'

•
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In the first experiment, it was assumed that the afnbunt
of energy available for raising the temperature ,of the lower
atmosphere was equal to the clear sky insolation amounts
giv'eii in Fig. '3. The depletibnof solar energy by reflection
and absorption'bythe'gro'und~dz:1dlong-wave terrestrial rad
iation -from the earth's surface were not accoUIlted for. It
w'a:s therefore expected tJ:1atthesevahiesof energy would re
sult in maximum tempera6iref6recasts which w'6'uld be too
high~However; it would provide an' objectivelyde't:ermined
uPP,e:r"limit' '6nthe forecast. - -, ' ,

; ":.:',

i'heresults oHhis forecastexperiment ~reshown in Fig.
4. As expected, the forecasts were'too high as in only' 1 'of
the 93 cases was the predicted maximum temperature greater
than'thl!l"reported value. - , -

"In the'seco'nd experiment. the heat availabie for raising
the ,temperatur~of,the-lower'atmosphere 'was calculated by
tl~'e' rnetho,d outlined inSection 56f 'this paper, which accounts
for 'the; depletion o£'incident sol~tr radiation by reflection, ab
sorptio'n and long:"wave terrestrial radiation. the method was
si~plifiedslightly by (1) ignor irig the effect 6f cirrus rclouds
on the reJl~,ction of incident solar radiation and (2) assuming
low and middle clouds:affeCtradiation'in the same'way: An ex
ample of such a computation is pre sented below for :Eamnnlon,
Alta., for June 29, 1967.

Required data.

(a) Average amount of low and middle cloud between sunri'se'
aildtime of maximum temperature :- 4/10 ths •
. ;;

•

(b) 'Time'inhours between 'Sunrise and the' time ofmaxiniurn
te:r'np~ratilr e = 'II.

Calculations.

1. Enter Figure 3C 'with the date and cloud amount arid deter.;.'
mine the insolatioritobe 550 cal _cm-'2. This represents
the' ener gy remaining after acc~unting for depletion by
reflection fro'm douds a:ndatmosphere.

2. 'From Table 2 of the Appendix, the albedo of the' earth's
'surface willli~kelybebetween g and 20 percent. 'Assurri;"
ing'analbedo of 15 per ,cent,' the 'insolation rost by reflec
tion from the earth's surface is 550 x O. 15 =83:cal,.
cm-2. The energyrern:aintng is then 550-' '83 = 467 cal
cm- 2,. ' .
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cal Crrl": 2 can be as sUrrled to
This leaves 467 - 93 ;::: 374

Twenty per cent of the 467
go toward heating the soil.

,cal crrl-,2

4.'.: F.'rorrl 'rable 3 of the Appendix, the n~t i'os s of 10~g-wa~e
terrestrial radia'tionfrorrl sunrisE1 tOrrlaxi~urrl terrlper

> ature tirrle at an average,terrlperature of SO'degree.s E.
and with clear skies is 120 cal Crrl- 2 . This value must

'. l;>,e 'r~duced to acco~nt for cloud cover according to the,
equation S(n);::: So(1 - kn). In the, cOrrlputations made,
for 'this expel" irrlent, k was' taken to b~ O. ()63 so t4Cl-t
S ,; 120 (i - 0.063 x 4) ;::: 90' cal cm-Z.. The ren1:ai'nrr\g.,~n
ergy is 374 - 90 ;::: 284 cal Crrl- 2 which represents the
a,rrlount of heat available for increasing terrlperature of
cdr in the lower atrrlosphere. '

3.

, This ,ainount~fener gy was added to the 1200Z :E;:drrlonton
radiosonde ascent using the Tephigrarrl over.lay. The

"sarrle' p:rocedure was followed to arrive at a'rrlaxirrlurrl
te'rrlperature forecast in. the rerrlaining 92 c~ses. , The
predicted rnax irrlurrl terrlperature$ were c,orrlpared with
th~,reportedrrlaxirrlurrl terrlperature and are ",illti~trated

~n the scatter diag,rCl-rrl of Fig. 4" which:shows thatrea,sop..
'. ably accurate forecasts were ~ade. An analysis of tl;1e

error s gave"a rrlean absolute error of ,2. 68 degrees'F.,
and an' RMS, error of 3.45 degrees F.

7: S urrlrrlary. •, The results ofSection6 show that the Tephigrarrloverlay>,
used in cOrrlbination' with the rrlethod for cOrrlputing the ener gy
ay:ailable for heatingthe lower atrrlosphere de SCI" ibed in Sec
tion 5will give ,.useful forecasts of rrlaxirrlurrl terrlperature.
It should be noted that the tests were conducted during the
wa~rrler rrlonths of.May to October. SOrrled,ifflculty should
be anticipated if this technique is atterrlpted during winter
par.ticularly at the higher latitude stations. The difficulty

'arises because the arrlount of energy available for warrrling
the lower atmosphere is srrlall and it is even possible that
this., quantity be negati,ve i. e. , there is a net loss of energy. ,
Be,cause of this it is necessary that radiosonde ascent terrlp
eratures and their plotting be extrerrlely accurate in the at-.- - .

rho spheric oound'ar,y layer. Where' radiosonde ascents rrlust
be forecast in order to apply this rrlethod, srrlall errors in
ascent terrlperatures can result in large errors in the rrlax
irp'AITI'terrlperC?ture forecast and seriously lirrlits its useJul-
Ifessunder these conditions. ' , '

, The Tephigrarrloverlay is applic'able only when terrlper
ature advection is absent. However oil days when 'terrlper
ature advection is apparent, a for ecast can be rrlade a's sUrrli'ng
there is no advection and then adjusting for the advection quaI-,
itatively. •
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The method of forecasting maximum temperatures described
in this paper represents an attempt to solve the radiation balance
ofthelower atmosphereandearthinquantit~~i\Te-manner. ForfhTs
reason, the method ~hasih.structibnal:as well.as prac'tical value.
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CLOUD AMOUNT ° ALB;EDO %

.0 .. 0 14
of--o 0 0

0, 1 18

0.2 22

0.3 -_.-~---+ 26

0.4 30I
, I

O. 5 I 34I
I

0.6 39

0, 7 43-_.- -

O. 8 47
00

0.9 51
, . ..•.

l.0 55- -

TABLE 1: Albedo of Clouds & Atmosphere for~1ifferent

Cloud Amounts - After Williams (11)

TYPE OF SURFACE ALBEDO %
Cultivated' Soil and
Vegetation 8

I
° Bare Ground 14

Grass 20

J Dry Sand 18 -

Wet; Sand 9

Fresh Snow 85

l Old Snow 55

TABLE 2: Vatues of Albedo for Different Types of Surfaces 
After Dickey ( 1)
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Hour s Between Sunrise & Max. Temp.

Temp:oF 8 9 I 10 11
,-- 12

I
10 63 71 79 86 94

20 69' 77 86 94 103-
30 75 85 94 104 113._-
40 81 91 101 111 121

50 , 87 98 109 120 131

60 96 1.08 120 132 144_. '.
10 103 116 128 141 154

1-----'-,.,.---.---- ._---_.__. ----
80 111 125 139 152 166

TABLE 3: Net Loss of Long-Wa've Terrestrial Radiation in Cal/cm- 2

for clear skie s and for various/ lengths of time., (Based on

.', HeWs'on &' ,Lon'gle'y' s"Fbrm'ula '

So =2. ~5 x 10- 11 T 4 , cal cm- 2 min-I)
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Figure 4
0

•
Plot of Predicted vs Reported Maximum Temperature at Edmonton Alta.

Maximum Temperatures were Forecast with a Tephigram Overlay
Assuming the Energy Available for Raising the Air Temperature
was Equal to the Clear Sky Insolation Amounts Given in Figure 3

Heat Loss by Reflection and Absorption by the Ground and
Long- Wave Terrestrial Radiation was Ignored
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Plot of Predicted vs Repor"ted Maximum Temperature at Edmonton Alta.
Maximum. Temperatures were Forecast Using a Tephigra'm Overlay. .

Assuming Depletion of Solar R,,!-diati6n by"Reflection, Absorption
. and Long-Wave Terrestrial Radiation
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WORK SHEET FOR FORECASTING MAXIMUM TEMPERA TURES

REQUIRED DA TA

Date--_.:..-----------
Station Latitude--------------
Estimated Average Cloud Amount in Tenths

Between Sunrise and. Maximum Temperature Time n =------
Estim~ted Mean Temperature Between Sunrise

and Maximum Temperature Time···· ...-----------------
Time in Hours Between Sunrise and

Tim.e of Maximum Temperature----'-----------------
PROCEDURE

1. Determine Insolation Received at Ground Taking Account of Reflection
by Clouds and Sky

E~ter Figure 3 with,the date, latitude and estimated amount of cloud cover.

Insolation received at ground I g = cal cm-2

2. Deduct Energy Reflected by Ground

Enter Table· 2 and determine the albedo of the ground rsurface.

Albedo = ·o/c
Energy refle.cted by ground = I g x Albedo

= x cal cm- 2
--'----------- --------

Remaining energy = Ig Energy Refle·eted by Ground

=

= .c~l cm- 2
------~----

'.

3. Deduct Energy Absorbed by Ground

Assume 20% of the energy remaining after Step 2 is absorbed by the ground.

Energy absorbed by Ground = 0.20 x Remaining energy from Step 2

= 0.20 x ---------
= ~cal cm- 2

Remaining Energy =ReII;laining Energy.from Step 2 - Energy,
absorbed by Ground

=

= cal cm- 2
----------'---
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4. 'Deduct Energy Loss,Due to Long- WaVe Terrestrial Radiation'

Enter Table 3 with (a) the estimated average temperature be
tween sunrise and the time of maximum temperature and (b)
the time in hours between sunrise and maximum. temperature
time. Obtain the net loss of long-wave terresttial radiation
under clear- sky conditions.

S = cal cm- 2o .......;. _

/' . -

Compute the terrestrial heatloss So (n) taking account of cloud
cover. '

For low clouds use k = O. 085

For middle cloud's use k = o. 063

= (l- x _

= cal ~m- 2----------
Ener gy available for
warming the lower
atmosphere

=

=

=

Remaining Energy
Computed in Step 3 ~,So(n)

cal crn- 2

The Tephigram over.lay can now be used to add this value of en
ergy to a plot of the sunrise radiosonde ascent and toprediCt the
maximum temperature.

•
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ABSTRACT: An overlay to be applted to the Canadian

Tephigram for the 'prediction of maximum
temperature is described in this paper. In
order to apply the overlaY$ the amount of

, energy which is available for raising the
temperature of air in the lower layers of
the atmosphere must be known. A procEld
ure for computing this energy is described.
This method of maximum temperature,
prediction was evaluated using six months" .(May - October, 1967) of data for Edmonton,
Alberta. Cases of temperature advection
were excluded. An error analysis made of
93 cases gave a mean absolute .error of 2.68
qegrees F and a RMS error of 3.45 degrees
F between predicted and observed values of
maximum temperature.

ABSTRACT: An overlay to be applied to the Canadian
Tephigram for the prediction of maximum.
temperature is described in this paper. In
order to apply the overlay, the amount of
energy which is available for raising the
temperature of air in the lower layers of
the atmosphere m,ust be known. A proced
ure for computing this energy is described.
This method of maximum temperature
prediction was evaluated using six months
(May - October, 1967) of data for Edmonton,
Alberta. Cases of temperature advection'
were excluded. An error analysis made of'
93 cases gave a mean absolute error of 2.68
degrees F and a RMS error, of 3.45 degrees
F be,tween pred icte~ and observed value s of
Tnrl,X;'TnI1Tn teTnTfer rl,t\lr e:'
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ABSTRACT: An overlay to be applied to the Canadian
, Tephigram for the prediction of maximum

temperature is described in this paper. In
order to apply the overlay, the amount of
energy which is available for r.aising the
temperature' of air in the lower layers of
the atmosphere must be known. A proced
ure for computing this energy is described.
This method of maximum temperature
prediction was evaluated using six months
(May - October, 1967) of data for Edmonton,
Alberta. Cases of temperature advection
were excluded. An er ror analysis made of
93 cases gave a mean absolute error of 2.68
degrees Fand a RMSerror of 3.45 degrees
F between predicted and observed values of
maximum temperature.

ABSTRACT:An overlay to be applied to the Canadian
, Tephigram for the prediction of maximum,
temperature is described in this paper. IIi
order to apply the overlay, the amount of
energy which is available for raising the,
temperature of air in the lower layer s of
the atmosphere must be known. A proced
ure for computing this energy is described.
This method of maximum temperature
prediction was evaluated' using six months
(May - October, 1967) of data for Edmonton,
Alberta. Cases of temperature advection
were excluded. An error analysis made of
93 cases gave a mean absolute error of 2.68
degrees F an,da RMS e~r6r of 3.45 degrees'
F between predicted and observed values of
maximnm temneraturen -.t


