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ABSTRACT

In this study, Brunt's equation for predicting the decrease
in temperaturewith timeafter sunset is applied tothe short-range
prediction of minimum temperatures at fivelocations in Western

Canada. These locations are Edmonton,

Calgary, Saskatoon,

‘Regina and Winnipeg. In order to apply Brunt's method: it was
initidlly necessary to evaluaté the product of the soil -density,
specific heat and the square root of the coefficient of termal con--
"ductivity., ‘This was done empirically. Minimum témperature
predictions were then made using data for a two mon'th period at
‘each of the five locations. In performing thesepredictions, n‘i‘gfhts
during whichtemperatureadvection occurred were excluded from
the test., However, cloud cover was taken into account using a
. scheme suggested by Reuter. Meanabsolute errors between pre-
dicted and observed minimum temperaturesvaried from 2.3 de-
grees at Edmonton and Regina to 3.0 degrees at Calgary and the
R.M. S. deviations ranged from 2.9 degrees atR

grees at Calgary.

egina to 4.0 de-
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Dans cetteétude, 1'auteur appliquel'équation de Brunt pour
prédire la baisse de la temperature correspondant au temps
écouléapreslecoucher dusobleild la prévisiona breve échéance
dela température minimale 3 cinq endroits del'Quest canadien,
soit Edmonton, Calgary, Saskatoon, Régina et Winnipeg. Afin
d'appliquer la méthode de Brunt, il a fallu en premier lieu
évaluer le produit de la densité du sol, dela chaleur spécifique
et déla racine carréeducoefficientdé conductibilité thermique, _
ce qui fut fait empiriquement. Des prédictions de température y
minimale ont.alors été faites:au moyen'de données portant sur .
une période de deux mois a chacun des cing endroits. Dans
ces predictions, les nuits durant lesquelles une advection de
température s'etait produite ont été excluesdel'épreuve. Toute-
f01s‘ onza tenu compte de la nébulosité en utilisant un scheme
prGposé par Reuter. Des erreurs moyennes absolutes entre
les températures minimales prédites et celles qui ont été ob-
servées varierent entre 2.3 degrés, a Regina, et 4.0 degrés,
2 Calgary. ‘
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1. . Introduction -

Theoretical methods based on physical principles, and also .
~empirical methods have been developedand successfully applied
to the. prediction of minimum temperatures. Such methods are
' preferred to purely subJectlve estimates since the latter requires
_skill based upon a large amount of experiencein forecasting for
‘a particular area., This is especially true oftemperature fore-’
castmg since 51gmf1cant temperature variations within a sup-
‘posedly homogeneous airmass canoccurasa result of differences
in topography (drainage effects), vegetation, the proximity of
| lakes, etc.

.This study was made:ito determine whether a formula devel-

;oped by Brunt could be applied to the short-range pred1ct10n of
‘minimum temperatures in the absence of advection. Whereas,

.;ﬂ.'most methods whichare basedon physical principles have limited .

. ' Usesince theyare applicable only to nights when skiesare clear,

an attempt was made.in this. study to.account for coolmg under. ..
cloudy conditions-and, thereby, make: the fnethod ofmore general
use,

2. Theery

The surface of the earth may be considered as a boundary -
layer of zero thickness between the atmosphere and earth.. Be-
causeithas zero thickness, its heat’ capacityis also zero. The '
localheat budget, neglecting" horlzontal flu.xes of hea,t(advechon) )
is shown schematically in Figure 1. :

The equation for the local heat budget may be written as,
E(o) + S(o) +1L{0) + B(o) + W(o) = 0 (1)

In this equation, the subscfipt (o) refers to the level Z'= 0,
i. e. the surface of the earth and,




B w GROUND

Figure | SCHEMATIC DIAGRAM ILLUSTRATING THE LOCAL HEAT BUDGET
AT THE EARTH'S SURFACE NEGLECTING HORIZONTAL HEAT

FLUXES
E = SHORT WAVE SOLAR RADIATION
S = LONG WAVE TERRESTRIAL RADIATION

L .= SENSIBLE HEAT FLUX IN THE ATMOSPHERE AS A RESULT OF
MOLECULAR AND TURBULENT DIFFUSION

B = HEAT FLUX IN THE GROUND DUE TO MOLECULAR CONDUCTION

W = HEAT FLUX IN THE ATMOSPHERE AND IN THE EARTH RESULTING
FROM PHASE CHANGES OF WATER
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E(o) = flux of incoming solar radiation (positive since it is di~
rected toward the earth's surface).

S(o0) = flux of outgoing tefrestr_ial radiation (negative since itis
directed away from the earth's surface). ‘

flukx of sensible Heat in the atmosphere as a result of
molecular and turbulent diffusion. This termmay be
.either positive or negative. o

. B
0
il

B(o0) = flux of sensible heatin the ground due to molecular con-
' duction, . This term can also be positive or negative..

W(o) = sensible heatflux inthe atmosphere andin the earth re-
- sulting from phase changes of water. This term can
have either sign. '

Ifthe time period between sunset and sunrise only is con-
sidered, then E(o), the flux ofheatfrom the sunis zero. More-
over, ifitis assumed that (a) there isno condensation of water
vapour or freezing of the ground and (b) winds are light such
that heat diffusion in the atmosphere due to turbulence’can be
neglected, then W(o) and 1(o) are also zero. The local heat
‘budget equation then may be written in simplified form as:

sl =l @

- Equation ('2)"sta'tes that the emission of long-wave terres-
‘trial radiation from the earth's surface must be balanced by
the flux of heat upward from within the earth to its surface,

~ Brunt (1), has derived an equation to predict minimum
overnight temperatures based on equation (2). His solution may
"~ be written as,

. ] 2. So) |
AT(degreesC)«-\m_ x?scs __‘J_.st—\J—t— (3)

~ In equation (‘3),
AT = decrease in temperature from sunset to sunrise in C.

t

P s

time in hours between sunset and sunrise.

density of the ground.
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C = specific heat.of the ground..

S .
K,S = coefficient of heat conductivity of the ground.
S(o) = flux of terrestrial radiation in cal em”2 min~ 1,

In Brunt's equation ? , C, Ks depend on the type of soil
: s s :

and its moistness. If these soil parameters are considered
constant for any particular location, then Brunt's equation can
be expressed as,

A T (degrees F) z XEXCXS(O)X"\’t _

NE3 5

= Cx So0)x2.03t (4)
In equation (4),
AT = decrelase in temperature frorh sunset to sunrise, nowin
degrees F.
2.03 = 2/J™ x9/5
, -1
SRR LR

To solve equation (4), the three terms on the right side of
the equation must be known or computed. '"t'" is easily found
from sunrise and sunsettablesandis a function oflatitude only.
The flux of terrestrial radiation S(o) in cal ch-z min~ " can be
computed using a formula derived empirically by Brunt. This
formula which is applicable for clear skies is,

-4 X
S(o) =& T (1 -a-bnfe) (5)

-11 - -
Stefan-Boltzman constant (0.136 x 10 cal cm

sec_l).

Here o

T = absolute temperature of the earth's surfaceat sunset.
e = vapor pressuré in millibars at sunset.

a = constant = 0. 44.

b = constant - 0.08.
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To account for the long-wave terrestrial radiation under cloudy
conditions, a scheme suggested by Reuter (5) may beused. Under
cloudy skies, this term will be less than under clear skles. To
accomplish this, Reuter uses the equation,

S(o), ='S(0) (1 - Kn) (6)
where,
S(o)n = flux of terrestrial radiation with n tenths of cloud
S( o) . = flux of terrestrial radiation with clear skies

constant depending on cloud type. K has a value 0.031,
0.063, 0.085 and 0.099 for cirrostratus, altostratus,
stratus and nimbostratus respectively. '

R o
i

"It remains, therefore, to determine C which is a character-
istic of the soil. Since the density P's’ specific heat Cs’ and
the coefficient of thermal conductivity KS of the soil are not
usually known, C cannot be computed directly. However, it is
possible to obtain a value for C statistically using past observa-
tional data. From these data AT, S o) and \]—tcan be deter-
mined and then C can be computed by a re-arrangement of e-
quation (4), i.e.

- AT
T S(o) x2.03 J¢t (7)

Once a value for C is found for a particular location, equa-
tion (4) can be applied directly to the prediction of a minimum
temperature.

3. Determination of C
The soil characteristic term C was determined for the five

locations of Cadlgary, Winnipeg, Edmonton, Saskatoonand Regina.,
These values are tabulated below. '
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. Location C Cfl(cal/degees cm2 sec:l‘/2
Calgary 19 0.0526
Edmonton 15 0. 0667
Wihnipeg- 16  0.0625
Sa.skatoon 17 0.0588
Regina 20 | 0. 0500

The C values were found by applying equation (7) to cases
selected from the hourlyaviation weather reports for the period
May - September, 1966, This time period was selected because
the ground would not be snow covered. Ground which is snow
covered would not radiate at the same rate as if it were bare
because the density, specific heat and thermal conductivity
terms which comprise C are different for thetwo surfaces. In
addition, cases were selected from nights where skies were
clear and temperature advection was negligible.

To simplify computations, Figures 2 and 3 were drawn.
From Figure 2, S(o)o the flux oflong wave terrestrial radiation

under clear skies given by equation (5) may be found from. the
values of sunset temperature and dew point. Figure 3 shows
the variation in the quantity 2.03 *\‘ t with the time of year.

Values of C7} or (P s Cg —‘/—ﬁé) have been previously de-
termined by Lettau(4) for various materials. His values were
0. 0566 for concrete, 0.0358 for sandy'clay with 15% moisture,
0.0194 for clayland pasture and 0. 0140 for medium fine, dry,
quartz sand, This comparison shows the C values determined
here to be slightly lower than those computed by Lettau.

The values of C found using past observational data ex-
hibitedconsiderable scatter. However, whenthese values were
grouped and a histogram drawn, a peak in the distribution was
found. A value of C was, therefore, selected near where the
distribution exhibiteda maximum. Thehistogram for Saskatoon
has been included (see Figure 4), to illustrate the manner in
which a C value was selected at each of the five locations.
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4., Experimental Results of Predictions

Using the values of C which were determined in the pre-
vious section, minimum temperature forecasts were made
employing data for the two months of August and September,
1966. Minimum temperature prédictions were made for niéhts
during this period when the:temperature advection was: con-
sidered negligible. The decrease in temperature from sunset
to sunrise was computed according to equation (4), i.e.

AT=Cxso)x2.03\¢t

In applying this equation; cloud cover was accounted for by re-
ducing the value of S o)for clear skies obtained from Figure 4.
This reduction was - performed using equation (6) which is re-i"
written below. ' '

S0, = (o), (1 -

Thevalue of "K' was taken to be 0.063 for lov{} and middle cloudsf'f;_‘;;
whose bases were reported as 2500 feet or higher. For low
clouds, the bases of which were reported atless than 2500 feet,
a value of 0.085 was used. For this calculation, cirrus wasii';f,
neglected, i.e. ', long wave radiation form the earth's surface
with high cloud: present was taken to be the same as with clear
skies.,

The résults of the predicted minimum :temperatures were
compared with the observed values andthe results aretabula.ted
below. The mean absolute error was computed as,

- - ﬂ observed min: temp. - predicted min; temp. |
’ i . : n .

oy

and the root-mean- square dev1at10n was computed from the for-
mula,

2
RMS deviation ;\[&bserved min..tem‘p._ jpr.edicted min, temp, ) 3

Location No. of Cases Mean ABS Error RMS Deviation
‘ n ' €

Calgary 43 3.0 4.0

Edmonton 37 2.3 o 3.1

Winnipeg 36 2.9 3.7

Saskatoon 36 o 2.7 3.3

Regina 29 2.3 2.9
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Figure 4 - HISTOGRAM SHOWING SCATTER OF COMPUTED VALUES OF C FOR
- SASKATOON. A SINGLE VALUE OF C WAS SELECTED NEAR THE
PEAK.IN THE HISTOGRAM,
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5. Summary

The results of the previous section show that useful fore-
castsare p.ossible using Brunt's formula. This method has the
advantage that (a)itis based on physical principles, (b) it is
directand can be easily and rapidly performed by the forecaster
athis desk, (c) itcan be applied more.generally than previously
“de\'reloped' theoretical methods which were restricted to use on -
nights when skies were clear, and (d) the method is quite gen-
‘eral and can be applied at any location once a value of C has
been determined for that site,

This technique is likely toyield poor results on nights when
thereis'strong temperatureadvection. However, itis still use=-
ful sinceit will give a value fromwhich one canadjust his fore-
cast to account for the advection. For example, one can com-~
pute the minimum temperatureas if therewere noadvectionand
then adjust this value upward or downwardaccording to whether
there is warm or cold advection respectively.

‘The application of this method requires that the average
cloud cover intenths of the sky between sunset and sunrise, the
sunset temperature and the sunset dew point be predicted ifthe
method is applied prior to sunrise. However, this should not be
a serious disadvantage sincé many useful methods in meteor-
ology use predicted input data.

Anappendixhas beenincluded at the end of this paper to il-
lustrate the manner in which computations are made using this
method. '

APPROVED,

J. R, H, Noble,
Director,
Meteorological Branch,



(1)

(2)

(3)

(4)
(5)

(6)

References

Brunt, D,, 1941: Physical and Dynamical Meteorology,
Cambridge University Press, London. ‘

Dickey, Woodrow,.J., 1960: U, S. Dept. of Commerce,
Weather Bureau, Forecasting GuideNo. 4, Forecasting
Maximum and Minimum Temperatures, Washington,
D. C.

Johnson, J. C., 1954: PhysicalMeteorSlogy, The Tech
nology Press of M. I. T. and John Wiley and Sons, Inc.,
New York and London,

Lettau, H., 1951: Trans. A. G. U., Vol. 32, p. 189.

Reuter, H., 1950: Calculation of Minimum Tempera-
tures and the Prediction of Ground Frost. CIR-1768,
TEC-70, Meteorological Branch, Dept. of Transport,
Canada. : o

Reuter, H., 1951: Forecasting Minimum Temperatures,
Tellus 3, p. 141-147.




ﬁ

- 13 -
APPENDIX

Toillustrate the manner in which minimum temperature fore-
casts are made by this method, consider the synoptic situation for
0000Z June 13,1967 shown in Figure 5. Examination of this chart
snows a very weak pressure gradient across the Prairie provinces
and, therefore, temperature advection can be considered neglig-
ible. If this is the case, then the method for predicting minimum
temperature described in this paper can be expected to give ac-
ceptable results. Computations are made below for the five loca-
tions for which Cvalues were determined. Input information for
these calculations were taken from the hourly aviation weather
reports for the period just prior to sunset on June 12, 1967 to
just after sunset on June 13, 1967, These weather reports have

~been reproduced at the end of this section,

" MINIMUM TEMPERATURE COMPUTATION AT CALGARY,

. ALBERTA

REQUIRED DATA

1. Sunset temperature and dew 1.;>oint = 54/36.

2. ‘Average cloud avmounﬁ in tenths between sunset and sunrise
= 2/10ths with bases greater than 2500 ft, o

PROCEDURE

1. Compute the netlong-wave terrestrial radiation under clear
skies S(o)o, by entering Figure 2 with the values of the sunset
tempiarature and dew point, Find S(o) = 0.186 cal cm-2
- o o

min

2. Reduce the net loss oflong-wave terrestrial radiation under
clear skies by accounting for cloud cover through the equa-
tion S(o)  =S(0), (1 - Kn). The value K = 0.063 is applicable
for clouds with bases higher than 2500 feet with the exception
of cirrus cloud which can be ignored. For clouds with bases
below 2500 feet, K = 0,085 may be used. In this example,

-2 -1
S(O)n =0.186 (1~ 0.063x2)=0,163calcm min
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3. Find the value of 2. 03 -\/—by enterlng Figure 3 with the date
' and the latitude of the station. -

2.03 t=5.6

4. Compute A T, the change in temperature from sunset to sun-
rlse

‘AT = C x S(0) x2.03 4[t'=19 x 0.163 x 5.6 = 17 degrees F

5. Compute T min. = Sunset temperature - AT

54 - 17 = 37 degrees F

The actual minimum temperature reported on this date was
34 degrees F.

'MINIMUM TEMPERATURE COMPUTATION AT EDMONTON
ALBERTA

REQUIRED DATA

1. Sunset temperature and dew point = 58/42

2. Cloud cover between sunset and sunrise = 0
PROCEDURE

1. S(o)O
2. S(o)n = S(o)O since there is no cloud cover
3. 2.03 ft=5.35"

4. AT =Cx So), x 2.03 Vt

15x 0.177x 5.35 = 14 degrees F

0.177

I

5. T min. =58 - 14 = 44 degrees F

The reported minimum temperature at Edmon ton (XD) on this
date was 44 degrees F, the same as was predicted above..
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MINIMUM TEMPERATURE COMPUTATION AT SASKATOON
SASKATCHEWAN

REQUIRED DATA

1. Sunset temperature and dew point = 57/48

2. Cloud cover between sunset and sunrise = 9/10ths of cloud
with bases higher than 2500 feet.

PROCEDURE
1. S(o)O = 0.160
2. S(o)n:O.léO(l - 0.063 x9) = 0,069

3. 2.03 4ft=5.5
4. AT =CxSo) x2.03t

17x 0,069 x 5.5 = 6 degrees F
5., T min, =57 - 6 = 51 degrees F

The actual reported minimum temperature at Saskatoon on
this date was also 51 degrees F.

MINIMUM TEMPERATURE COMPUTATION AT REGINA,
SASKATCHEWAN

REQUIRED DATA

/ .
‘1. Sunset temperature and dew point 55/53

2, Cloud cover between sunset and sunrise = 10/10ths of low
cloud with bases lower than 2500 feet,

PROCEDURE

1. S(o)o

2. S(o)n

0.142

0.142 (1 - 0,085 x10) = 0.021



3. 2.03 -t =5.65

Cx&o%x2ﬂ3ﬂq

4. AT

20 x 0.021 x 5,65 = 2 degrees F
5., T min, = 55 - 2 = 53 degrees F

The reported minimum temperature at Regina was 51 degrees
F.

MINIMUM TEMPERATURE COMPUTATION AT WINNIPEG,
MANITOBA

REQUIRED DATA

1. Sunset temperature and dew point = 55/54

2. Cloud cover between sunset and sunrise = 10/10ths of cloud
with bases lower than 2500 feet. ‘

PROCEDURE
1. So), = 0.139
2. (o) =0.139 (1 - .085x 10) = 0. 021

3. 2.03<ft=5.65

4. AT =Cx80) x2.03 4t

16 x . 021 x 5.65 = 2 degrees F
5. T min, = 55 - 2 = 53 degrees F

The reported minimum temperature at Regina on this date
was also 53 degrees F.

ks
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WEATHER REPORTS FOR CALGARY,, . ALBERTA - JUNE 12-13, 1967

GMT
GMT
GMT
GMT
GMT
GMT
GMT
GMT
GMT
GMT
GMT
GMT

50DE9 0®40
60®100-P300- D40
60D90-0B300-040
60090-B®300-040
60P300- D40
300-040

300-®40

300-040
80M300-P40
800300-d40 -
80M300-D40
90040 '

Sunset‘.ﬁ 0344 GMT

147/56/33/2704/987/CU+3AC5
139/55/35/0000/988/CU+1AC3CI
142/53/36/0000/989/SCIAC4CI
144/52/35/0000/990/SC2AC4CI

- 147/48/37/0000/990/SC1CIL.

149/41/36/3102/991/CIL1
150/39/36/3407/991/CL1
153/38/36/0000/991/CI
152/37/36/3407/990/ACC1CI.
152/36/35/3104/990/ACCI1CI
161/35/32/3605/992/ACCICI
164/38/33/0000/993/ACC1

Sunrise = 1126 GMT

WEATHER REPORTS FOR EDMONTON, ALBERTA (XD) - JUNE 12-13, 1967

0200
0300
0400
0500
0600
0700
0800
0900
1000
1100
1200
1300

0200
0300
0400
0500
0600
0700
0800
0900
1000
1100
1200

GMT
GMT
GMT
GMT
GMT
GMT
GMT
GMT
GMT

GMT

GMT
GMT

GMT
GMT
GMT
GMT

GMT.

GMT
GMT
GMT
GMT
GMT

GMT

500100015+
500100®15+
1000300Q15+
80®300-®15+
300-@15+
300-Q15+
300015+
300Q15+
100®300®15+
1000300@15+
10003 00®15+
1200300015+

Sunset = 0405 GMT

127/61/41/0913/CUlACL
126/60/41/.1312/987/CUIACI
'129/58/42/1512/989/AC1CI1

131/58/41/1507/989/AC1CI1
137/53/41/1605/990/CI
139/51/41/1707/991/ CI1
139/50/41/1804/991/CI1
140/48/41/1905/991/CI1
141/47/ 41/1804/992/AC1ClIl
142/44/39/20057/992/AC1CI1
147/44/40/2102/993/AC1CIl
150/46/41/2204/994/AC1CI1

Sunrise = 1101 GMT

- WEATHER REPORTS FOR SASKATOON - JUNE 12-13, 1967

450700E80®15
400700E90D15
40070DE90@15
_400E90@15
40OM1300@15
300E120815R--
300OM6®L5R -
E50©15R-
250E50012R -
250E500100015
120Q40QE80®250015

S_unset = 0327 GMT

121/61/44/0306/983/SC1AC1AC7
120/58/49/3107/984/SCIACC1AC7
120/57/48/3506/984/SC2AC1ACS6
122/57/48/3610/984/SC2AC7
129/57/48/0000/985/SC2AC7

. 134/56/48/2804/987/SC5AC5

134/53/49/3004/987/SC3SC7

'136/52/49/3205/988/SC10

137/51/50/3603/988/SC4SC6b
137/52/50/0709/988/SC1SC6AC2
135/53/51/0904/988/SF1SC2ACC6CIL”

Sunrise = 1045 GMT
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WEATHER REPORTS FOR REGINA, SASKATCHEWAN - JUNE 12-13, 1967

0200 GMT - B9®©12 110/56/54/3616/981/SC10
0300 GMT Al10®15 _ 115/55/53/3412/981/SC10
0400 GMT M10@15 o 115/54/52/3612/981/SC10
0500 GMT MT®15 . 120/54/52/3308/983/SC10
0600 GMT .. M6®15 -+ 124/53/51/3508/984/ST10
0700 GMT M5©8 o 125/52/51/3306/284/ST10
0800 GMT M3©8 125/52/51/3305/984/ST10
0900 GMT . M2©7 126/52/51/3208/984/ST10
1000 GMT , M26&8 129/52/51/3108/986/ST10
1100 GMT B3®8 128/52/51/3310/985/ST10
1200 GMT ' B4Q40®10 - 129/52/51/3409/986/ST9SC1

1300 GMT B4®8 ) 138/52/51/3308/988/ST10

Sunset = 0306 GMT  Sunrise = 1049 GMT

WEATHER REPORTS FOR WINNIPEG, MANITOBA - JUNE 12-13,1967

0200 GMT - M702004L--F 069/55/54/0109/SF9SC1

0300 GMT M4®5L--F . 069/55/54/0106/971/SF10

0400 GMT M3®7L- -~ 073/54/53/3407/972/ST10

0500 GMT ‘ 1OM2@12@011/2L=F 080/54/53/3004/974/SF2SF55C3
0600 GMT 2-OM406©21/2L~-F 081/54/53/2906/974/SF2SF4SC4
0700 GMT M3Q6M18O6F ) 073/54/53/2908/975/SF6SF25C2
0800 GMT - 30140M38012 085/53/53/2706/975/SF3SF2SC5
0900 GMT M2@®70012 085/53/52/2707/975/SF8AC2
1000 GMT 30M9 020612 085/54/53/2908/975/SF3SF5SC2
1100 GMT E9014037©8 s 095/54/53/2605/978/SF6SC1SC2
1200 GMT TOM28038010 104/55/54/2507/981/SF1SC5SC3
1300 GMT A 20M21 038012 111/56/54/2307/983/SF3SC4SC3

Sunset = 0237 GMT Sunrise = 1019 GMT
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WORK SHEET FOR MINIMUM-TEMPERATURE COMPUTATIONS

REQUIRED DATA

Station Latitude

Sunset Temperature

Sunset Dew-Point

Estimated Average Cloud Amount in ‘Tenths Between Sunset and
Sunrise n = '

PROCEDURE

1. Calculate S(o)
Enter Figure 2 with the sunset temperature and dew-point.

-2 -1
S(o) = cal cm  min
o

2. Calculate S(o) |
For cloud bas@s below 2500 feet use K = 0. 085
For cloud bases at or above 2500 feet use K = 0. 063

S(0)_ = §(0)_ (1 - Kn)

= cal cm”

3. Calculate 2.03 -/t

Enter Figure 3 with date and station latitude.

2.03 t =

4, Compute AT

AT = Cx S(o)_ x 2.03 =/t

= X X

= degrees F

5. Compute T min

T min = Sunset temperature - AT~
= degrees F
6. Actual Minimum Temperature = degrees F.
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