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ABSTRACT

Calculation methods based on the available photometric and actinometric measure­
ments which allow for a rapid and simple way of obtaining the necessary data concerning
conditions of radiation and daylight have been adapted for determining some selected
problems of "Solar Climate of the Swedish Territory". In these methods all the corn­
ponents of radiation and daylight are expressed as a function of solar altitude. Therefore
it is very important to have an easy and simple way of determining the solar alti­
tudes for different latitudes, months and hours. For this reason a special diagram has
been elaborated. The present diagrams make it possible to determine the intensity of
radiation and daylight for every point of the Swedish territory (not only for the points
of measurements) and also for clear sky conditions (not only for average conditions
during the observation period).

Preface

The components of external climate such as
intensity, duration and spectrum of radiation
and daylight are important and they have a con­
siderable influence on man. From the published
research results it is known that solar radiation
and daylight activate different endocrine glands,
important for efficient activity of our organism.
Variability of radiation and daylight stimulates
the psychological as well as intellectual activity
of man.

The relation between architecture and radia­
tion climate is never more evident than in the
daily discussions which arise concerning illumi­
nation, fuel consumption, window design, orien­
tation of fallades, insolation through roof-lights,
obstructions to sunlight, etc. The temperature,
to which mankind is very sensitive, depends on
radiation.

Recently there has been observed a growing
tendency to delve into the secrets of nature when
one tries to solve different problems of town­
planning, architecture, lighting and air-condi­
tioning of the interiors, etc. (Pleijel, 1954; Aro­
nin, 1959; Hutin, 1968; Chroscieki, 1969).

But the data concerning tho determination of
changes of the intensity of radiation and day­
light per unit of time, have not been found so
far. Only fragmentary measurement materials

at different geographical points are available
(Dorno, 1921; Kimball, 1924; Auren, 1930;
Blackwell, 1953; Sauberer, 1956; Dogniaux,
1954, Worner, 1962; Oleszynski, 1965; Dresler,
1962; Lunelund, 1924 et al.)

In principle, the results of those observations
have given us daily, monthly or yearly sums of
"total" radiation and daylight intensity on a
horizontal plane, average conditions during an
observation period. These data include the in­
fluence of physical, geographical and meteoro­
logical factors of a given measurement point.

All the above publications have given only Ii

general picture of radiation and daylight climate
of one region or another. But when one wants to
resolve problems which require a knowledge of
the values of radiation and daylight intensity
for given meteorological conditions at a part.icu­
lar moment at a given geographical point, the
above-mentioned results cannot be used because
the data being measured differ considerably
from the average values for prolonged periods
several years lasting.

The fact that these problems are in most cases
neglected or mishandled is due to defective
knowledge about natural radiation, and also
because present methods of calculation are lao
borious, difficult and slow. Having found that
daylight level outdoors does not depend on the
geographical latitude of the place of measure-
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ment or on its altitude (Bartyneva & Guseva,
1957; Bartyneva & Polakova, 1965; Drummond,
1958; Dogniaux, 1960; Berliand, 1962; Day,
1961; Sharonov, 1958) the writer worked out
calculation methods based on the available pho­
tometric and actinometric measurements which
allow for a rapid and simple way of obtaining
the necessary data concerning conditions of day­
light level at any geographical point (Chroscicki,
1968).

Three components of daylight have been
given: (a) "total" illumination, Ec, generated by
sun and sky; (b) "direct" illumination, Eb, gene­
rated by sun only; (c) "diffuse" illumination Er,
generated by sky only. (Similar nomenclature
with reference to three components of radiation
is used below)

A fairly good agreement between the meas­
ured values and the calculated different compo­
nents of daylight (Chroscicki, 1968) encouraged
the author to adapt the basic idea and to work
out the same calculation method concerning the
different components of solar radiation.

The present work dealing with some selected
problems of "Solar Climate of the Swedish Terri­
tory" is an attempt at a practical application of
the above-mentioned calculation methods and a
verification of these methods by using the Swed­
ish measurements of radiation and dayligh­
intensity.

This work is, at the same time, a continuation
of Dr Gunnar Pleijel's work The Oomputation of
Natural Radiation in Architecture and Town
Planning (1954). The meteorological basic mate­
rial on which Dr Pleijel based his study con­
sisted mainly of the measurements and record­
ings made by Professor Harald Lunelund at the
University of Helsinki. I have had an oppor­
tunity to use the genuine Swedish measure­
ments for my work.

Given time values are true solar time.

Solar radiation

As basic material for the analysis the meas­
urements of "total" radiation on a horizontal
plane, average values during the periods of ob­
servation from ten stations; Kiruna, Lulea, Teg,
Froson, Karlstad, Stockholm, Torslanda, Visby,
Svalov and Malmo, were used. All the points of
measurement of radiation and daylight intensity
analysed in this work are shown in Fig. 1.

The formulae for "total", "direct" and "dif-
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fuse" radiation for clear sky conditions on a ho­
rizontal plane have been verified on the basis of
Russian measurements (Barashkova & others,
1961). From these measurements suitable data
were selected for latitudes 54°-68° (which cover
the entire Swedish territory) and confronted
with the adequate solar altitude. The results are
shown in Fig. 6.

Since one can have doubts whether Russian
measurements can be adapted for Swedish terri­
tory, additional verification with the use of meas­
urements of "total" radiation on selected clear
days in Stockholm has been made. In Fig. 6 we
can see a good agreement between Russian and
Swedish measurements.

The measurements for verification of the for­
mulae for "total" radiation on a horizontal plane
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Fig. 2.

-average conditions during the period of ob­
servation for ten stations, evenly distributed
over the entire territory of Sweden, are shown
in Figs. 2 and 3. From these figures we can see
that all measurement stations in Sweden can be
divided into two groups with slightly different
results. One group, containing seven stations,
Kiruna, Lulea, Teg, Froson, Karlstad, Stock-

holm, Visby, has approximately the same results
and the other group, Torslanda, Malmo, Svalov,
also has approximately the same results.

When we put together measurements from
all the ten stations (Fig. 4) the results differ by
about ±5 % from the above-mentioned two
groups.

It is interesting that the results concerning
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Fig. 5.
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the ten stations, i.e., for the entire Swedish ter­
ritory, are exactly the same as the results of pro­
longed measurements of "total" radiation in
Finland, see Fig. 5. This is why the author sug­
gests the acceptance of these results as a basis
for the entire Swedish territory, in spite of the
results received from the seven stations situated
on the larger part of the Swedish territory are
higher than the proposed basis by 5 %.

The formulae have been worked out for all
the components of radiation:

1. "Total" radiation for clear sky conditions
on a horizontal planet (the curve 1 in Fig. 7)

Jo sin H
Ee, C = 0,95 cal jcms min

1 + 0.2 cosec H

1 J o= 1.98 caljcms min - the solarconstant H=
solar attitude in degrees

2. "Direct" radiation for clear sky conditions
on a horizontal plane (the curve 2 in Fig. 7)

Jo sin H
Ee, b = 0.79 ------ cal/cmomin

1 + 0.2 cosec H

3. "Diffuse" radiation for clear sky conditions
on a horizontal plane (the curve 6 in Fig. 7)

Ee,r=0.05+0.0023H cal jcms min

4. "Total" radiation on a horizontal plane,
average conditions during the periods of obser­
vation at seven stations, Kiruna, Lulea, Teg,
Froson, Karlstad, Stockholm, Visby (the curve
3 in Fig. 7)

Jo sin H
Ee=0.66 cal/cm.min

1+ 0.2 cosec H

5. "Total" radiation on a horizontal plane,
average conditions during the periods of obser­
vation at three stations, Torslanda, Svalov,
Malmo (the curve 4 in Fig. 7)

Jo sin H
Ee = 0.60 -- cal/cmo min

1 + 0.2 cosec H

6. "Total" radiation on a horizontal plane,
average conditions during the periods of obser­
vation at the ten above-mentioned stations, sug­
gested for the whole territory of Sweden (the
curve 5 in Fig. 7)

Jo sin H
Ee = 0.63 cal/cmo min

1+ 0.2 cosec H
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7. "Total" radiation on a horizontal plane,
average conditions during the periods of obser­
vation at four Finnish stations, Sondakyla, Lu­
onetjarvi, Jokioinen, Helsinki-Tlmala

Jo sin H
Ee = 0.63 cal/cm2 min

1 + 0.2 cosec H

The resultant curves of the relationship be­
tween all the components of radiation on a hori­
zontal plane and the solar altitude are shown in
Fig.7.

The formula

Jo sin H
Ee= 0.63 ----­

1 + 0.2 cosec H

proposed for "total" radiation on a horizontal
plane (average conditions) provides a simple
method of re-calculating at different latitudes
the values of total radiation measured at the
ten stations. The results of the calculation are
shown in Fig. 8.

On the basis of these data for latitude 60°, the
curves showing the mean periods with "total"
radiation on a horizontal plane exceeding 0.05,
0.15,0.25,0.35,0.45,0.55,0.65,O.745cal/cmomin

(Fig. 9) and mean number of hours with "total"
radiation on a horizontal plane exceeding 0.05,
0.15,0.25,0.35,0.45,0.55,0.65,0.75 cal/cmo min
(Table 1) were elaborated as just one from many
other possible examples.

Table 1. Mean number of hours with "total"
radiation on a horizontal plane exceeding, 0.05,
0.15, 0.25, 0.35, 0.45, 0.55, 0.65, 0.75, Gal/em.
min, for latitude 60°, average conditions

oal/cm" min

Month 0.05 0.15 0.25 0.35 0.45 0.55 0.65 0.75

I 105
II 190 112
III 300 245 186 105
IV 368 318 267 210 150 84
V 462 400 347 300 248 189 130
VI 485 445 372 324 276 225 177 102
VII 483 425 272 319 266 217 167 80
VIII 431 469 316 263 204 142 80
IX 344 279 222 165 102
X 264 186 102
XI 141
XII 50
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Fig. 7.

Fig. 8.
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In addition, for special dates of the year, 21
June, 21 December (summer and winter solstice)
and 21 March, 23 September (vernal and autum­
nal equinox) "direct" radiation for clear sky con­
ditions on differently situated planes was calcu­
lated. The results are shown in Fig. 10.

Tellus XXIII (1971), 3

Daylight

The measurements for verification of the for­
mula for "total" illumination on a horizontal
plane, average conditions during the periods of
observation for three stations, Kiruna, Stock-
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holm, and Malmo, situated at three widely­
spread points of the Swedish territory, are shown
in Fig. II.

The formulae for "total", "direct" and "dif­
fuse" illumination for clear sky conditions on a
horizontal plane and the formula for "illumina­
tion equivalent" of solar radiation (for clear sky
conditions on a horizontal plane) have been sub­
stantiated in the publication (Chroscicki, 1968).

In the present work only the final corrected
results are quoted.

The formulae have been worked out for all the
components of daylight:

1. "Total" illumination for clear sky condi­
tions on a horizontal plane (the curve 1 in
Fig. 14)

Jo sin H
Ec=62 loalx

1+0.2 cosec H

2. "Direct" illumination for clear sky condi­
tions on a horizontal plane (the curve 2inFig. 14)

Jo sin H
Eb=51 10slx

1 + 0.2 cosec H

3. "Diffuse" illumination for clear sky condi­
tions on a horizontalplane (the curve 4inFig. 14)

Er= (3 + 0.17 H) lOa Ix

4. "Illumination equivalent" of "total", "di­
rect" and "diffuse" radiation for clear sky con­
ditions on a horizontal plane (the curve in Fig. 12)

ew = 41400 Ho.12&a lx jcaljcm-a min-1

Additionally, in this work detailed calcula­
tions of daylight intensity for clear sky condi-

Tellus XXIII (1971), 3
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Also, additional verification on the use of
measurements of "total" illumination on selec­
ted clear days in Stockholm has been made. The
results are shown in Fig. 13. In this figure we
can observe a fairly good agreement between
the values of all the components of daylight for
clear sky conditions calculated by using the "il­
lumination equivalent" with the ones deter­
mined by using the above-mentioned formulae.

The resultant curves of the relationship be­
tween all the components of daylight on a hori­
zontal plane and the solar altitude are shown in
Fig. 14.

As measurements of daylight intensity in Swe­
den have been undertaken only at three stations,
Kiruna, Stockholm and Malmo, the problem
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for "illumination equivalent" and Russianmeas­
urements of solar radiation (Barashkova et al.
1961) were elaborated for latitudes 56°-68° N.
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Fig. 15.

1-r-- Sli' S6'

I~ ~ Ii' ~
, ) ~/

/" -c, "-

~fir
.~

I

~~ ~

~
IT --

lJ" I .......
"-.-

v.?
~-

~. I/1... . -_.

\\/i'(~ i )\I I

w~: --

I, fJ1 I~\' I
I

V : • I"\;
~ iJ;V

II'

\~ A/
HI

I,
~ bf,~ I

t-, .....-: I

n "-
"- /'7~'

,
I 2.-...'-1----

I I
:

j

~
,

~ 7 4 9 JtI 11 fJ II " 11 • 19 lfJ_

Fig. 16.

arose as to how the results of observations ob­
tained at those three points could be re-calculat­
ed for the entire territory of Sweden. As a result

of the analysis of the Swedish measurement ma­
terials, we proposed the following formula for
"total" illumination on a horizontal plane, av­
erage conditions during the period of observa­
tions (the curve 3 in Fig. 14).

Jo sin H
E=47 lOa lx

1 + 0.2 cosec H

This formula gives us a simple way to re-calcu­
late at different latitudes the values of "total"
illumination measured at three stations. The
results of the calculation are shown in Fig. 15.

On the basis of these data for latitudes 56°,
60°,64°, 68°N, the curves showing the mean pe­
riods with "total" illumination on a horizontal
plane exceeding 5000 lx (Fig. 16) and the
mean number of hours with "total" illumina­
tion on a horizontal plane exceeding 5 000 Ix
(Table 2) were elaborated. This gives us a possi­
bility to calculate the number of hours of ex­
ploitation of artificial lighting dependent on
periods of utilization of interior and latitudes.

In additional, for special dates of the year, 21
June, 21 December (summer and winter solstice)

Tellus XXIII (1971), 3
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Fig. 19.

Table 2. Mean number of hours with "total"
illumination on a horizontal plane exceeding 5000
lx, for latitudes 56°, 60°, 64°, 68°, average condi­
tions

and 21 March, 23 September (vernal and autum­
nal equinox) "direct" illumination for clear sky
conditions on different situated planes was cal­
culated. The results are shown in Fig. 17.

Latitude

Month 56° 60°
Solar altitude and insolation

64° 68°

I 140 75
Since all the components of radiation and day-

II 202 179 148 98
light are expressed as a function of solar altitude,

III 298 293 289 264 it is very important to have an easy and simple
IV 354 360 366 378 way of determining the solar altitudes for diffe-
V 425 447 462 483 rent latitudes, months and hours.
VI 450 471 498 531 Therefore a special diagram (Dourgnon, 1966;VII 453 472 496 522
VIII 403 412 425 437 Chroscieki, 1968) for determining azimuths and
IX 324 318 315 321 altitudes of sun, dependent on latitudes, dates,
X 254 245 220 192 and hours, is given in Fig. 18.
XI 174 128 42 In addition, for special dates of the year, 21XII 112

June, 21 December (summer and winter solstice)

Tellus XXIII (1971), 3
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and 21 March, 23 September (vernal and autum­
nal equinox) the curves showing the greatest
possible insolation as the function of orientation
of elevations are shown in Fig. 19.
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COJIHEqHhItl RJIMMAT IIIBE,l..(CROtl TEPPMTOPMM

BblqHCJIHTeJIbHble MeTO,n;bI, OCHOBaHHble na no­
crynmrx pe3YJIbTaTaX lfJoToMeTpHqeCHHX H ax­
THHOMeTpHqeCHHX H3MepeHHHX, rr03BOJIHIO~He B
npocron H ,n;OcTyrrHbIH crroco6 6bICTpO rrOJIy'lHTb
Heo6xo,n;HMble ,n;JIH rrpaHTH'IeCHHX rrpHMeHeHHti
nanasre, HaCaIO~HeCH TaH yCJIOBHit panaauaa,
HaH H HapymHoit OCBe~eHHOCTH6b1JIH HCrrOJIb­
30BaHbI ,n;JIH onpenenenaa «COJIHeqHOrO HJIH­
MaTa TeppHTOpHH IIIBeI\HH«.

BCJIe,n;CTBHe TOrO, 'ITO B llTHX MeTO,n;aX BCeHOM­
rrOHeHTbI panaanaa H napyanron OCBe~eHHOCTH

6blJIH npencraanenu HaH lfJYHHI\HH BbICOTbi COJIH­
ua CTaJIO cyutecraeaaux, qT06bI HMeTb B ,n;HCrrO.

3HI\HH rroHHTHbiit H npauoa MeTO,n; onpenenenaa
BbiCOTbi COJIHI\a ,n;JIlI paansrx nar, qaCOB H reo­
rpalfJHqeCHHX HOOp,n;HHaT.

,l..(JIH aroro paapanoraao OC06eHHblH rpalfJHK.
IIpe,n;CTaBJIeHHble rpalfJHKH p;aIOT B03MOmHOCTb

onpenenenan HHTeHCHBHOCTH panaauaa H
aapyaenott OCBe~eHHOCTHHe TOJIbKO B nymcrax
H3MepeHHit, a raioae B JII060M nymrre TeppHTO­
pHH IIIBeI\HH, p;aIOT B03MomHOCTb onpeneneaaa
nanaux He TOJIbHO P;JIH peansnsrx yCJIOBHit,
nucrynaromax BO BpeMH H3MepeHHit, HO H Tome
P;JIH yCJIOBHfi 6e306JIatlHOrO nefia.
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