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CONSTRUCTION OF A MODEL NOMOGRAYM TO SHOW THE VARIATION
OF INSOLATION WITH SEASON AND LAT1ITUDE

In constructing this Model Nomogram, the main objective was
to give a graphical three dlmensional picture of relative amounts
of insolation received over the earth's surface at all seasons.
In this way, not only ths amounts of change could be shown, but
also the different degrees of the rates of change, which play a-
very lmportant part in the location of the Arctie, Polar, and
Sub-Polar fronts.S.

The amount of Solar rsdiation reaching a unit area of any
part of the earth's surface in one day depends upon:

a., The Solar constant

b. The transparency of the atmospherse
¢. The latltude

d. The time of year

Since this problem is mainly concerned with the variation of

the sun's radiation with season and latitude, certaln assumptions
rmust be made. In order to make the varistion presentahle, the
earth's atmosphere 1s assuned tc be transparent. DBy doins this,
a uniform non-variation of the sun's radiation field is obtained
over the whole sarth., It is of interest toc note at this point
that about 43 per cent of the total heat received at the outer
layers of the atmosphers is lost, due to scattering and reflec-
tion of the rays.*

Another term that must be considered is that of the solar
intensity, or solar constant. The value of the solar constant
is derived from a series of observations over a period from 1905
to 1986, teken over various parts of the world. The value varied
very Little in the series of observations, and is therefore taken
as a constant of 1.94 graom celories per cm? per minute, at the
outer limit of the earth's atmosphere with the sun at the zenith,
and reduced to its value at mean solar distance--which 1is the
distance equal to ons~half of the major exls of the earth's
orbit.

The actual variations in the amount of heat energy received
from the sun thus convenlently becomes a function of latitude
and season. The season is dependent on the position of the carth
in 1ts orvit. It will be noted that figures for the Southsern
Hemisphere do not correspond with the figures for the Northern
Hemisphere shifted through six months. This 1s due to variation

* According to Abbot, Fowle and Aldrich in Ann. Astrophys. Obs.

Smithsonian Instituion, 4; 381, 1922,
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in the distance from ithe earth to the sun across the major axis
of the earth's orbit. fie totals for the wnole sarth show a
maximum in Tecember for the Southern Hemisphereo, and a maximum
in June for the Northern Hemisphere. The marximam of December
being greater than the maximum of June, corresponds %o the times
of verihelion and aphelion, or the times when the carih is
closezt to and farthest from the sun respectivel:. At aphelion,
the distanoe of the earth from the sun is about 1.034 that =zt
perinelion, thus by the law of inverse qquareo the intensity of
heat energy must be at perinhelion, 1.039 that ab ﬂphelion,1°
It must bs noted here, however, that in the course of a ysar,
gaoh huaispnera rnuelvas sgual amounts of a°a+ energy because
“tuoubn at perihelicn the earth 1s closer to the sun, the »aith
of tha orbit is shorter than at aphelion. I s what is losh or
made up in distance is also lost or made up in time, as the
case may de.

In the conglderation of the wvarlation of the latitude, 1%
1z shown that a2 variation of the intensity of the sun's radias
tion on e gloping surfesce is & function of the angle that this
sloping surface makes with a surface perpendicular to the sun's
radiation. Or that the sun's radiation is directly proporiional
to the sine of the angle or solzr altitude, or to the cosine of
the sun's zenith uistwlce, These angles can »g8 expressed in
observable guantities as a function of latitude, of the tTime of
day, and solar declination, and may b»e expressed by the followins
formula:

1. Q:%(Slhéﬁjih 5+ (Cos ?Caséjin/’l)

IS

1

in which Q= amount of solar enerzy deliversd in a ziven time,

is the sun s deolinau;on, P is tha la tizide of the »oint in
question, H i1s the sun's hour angle, W 1s angular velocit v of
earth's rotation, and I is the solar constant.

In order to represent the dezree of insolation received at
various latitudes and seasons, the ?OLlOWng unit is calculated
On the day of the vernal equinux at a sts™ion located on the
cellestial equator, it follows that S = 0 and the hour angle
is f% and the latitude is 0°, Substitution in equation l. yields:

Q= ZWI
4 ‘ 2 77.
Where I is the solar constant and egual tc 1.94, and W= 7736
radians per minute, then:

/. 74 : .
Q= 2—‘[2"";7_)2': Fé9 Cq/ortesl/('vnl
/H36
The values applisd to the model nomogram are expressed in terms
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of the unit calculated above, namely, the insolation received

a%t the egquator on the day of the vernal equinox.
The Kodel Nomogram 1s constructed in three dimensions with
Latitude and Seasons (by months) con a horizontal plane &% right
angles 10 each other, and units of insolation on the vertica

scala. The horizontal base is made of plvwood, 24 x 24 x 3/8
inches. The background is painted white with lines of latitude
and months ruled in blzek ink. The month lines sre 2 inches

avyart, the latitude Lil“% are 1% 1nches apart, The vertical
curves are drawn on s cellulold sheet 10 inches high by 23 inche
long, and repressnt the variztion of insclation with latitude
for zach individual month. There are thirteen such curves, with
Decenber belng the first o oon%oe iEive grder.

né last curve in
The curves ere mounted unrizh

ht on the plywood “ase.

The nomogram 1s made with a vertical scale sgual %o 4 such
units for each inch, hence for anv latitude and/or season the
deszree of insolation may be rapidl; gscgled to a small de-res of
error.

It is well to take each nmonthly curve as renresentative
for the 15th day of that mOﬂt%' therafor re, for ths 15%th day
of October at latitude 60°W there would be §/30 times UG9 caloris
per cm® received d“rin that dary. Likewise for the 15th day of
spril ab lasitude 20°N there would te 3C.7/30 tines 889 caloriss
per cr® roceived during that day. A curve running parallel to

the latitude can be extrapolated between the 15th day of con-
secutivs months. It would, therefore, follow that the lst dav
would be midway betwsen each monthly curve., Using this method
it would have to be assumsd that each month contained 30 days,
which 1s a satisfgctory assumption.

If it is further desired to reduce the degree of insolation
with respect to time, reference is made to & Thesis ty Capt.
J. Vern Hales, 1in which he has divided the day into hourly vari-
ation of total insolation incident since sunriss for the Northern
Hemisphers.4:
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