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Climatological values of solar irradiation on the horizontal and several

inclined surfaces at De Bilt.

W.H. Slob

Abstract

Climatological values of the direct and the diffuse solar irradiation on
the horizontal surface at De Bilt are calculated.

A data set of about 24 years on 11 different orientations in Cabauw is
used to relate the diffuse solar irradiation on the orientations to the
diffuse solar irradiation on the horizontal surface.

These relations were used together with the climatological diffuse solar
irradiation on the horizontal surface and sunshine climatology to
calculate monthly climatological diffuse irradiations on these
orientations. Monthly climatological values of the direct irradiation on
each orientation were calculated assuming an even distribution of the
sunshine over the day and a constant Linke turbidity factor for each
month during sunshine. The groundreflected irradiation on the
orientations was calculated for an albedo of 0.2. Tables show
halfmonthly climatological values for the global, the direct, the
diffuse and the groundreflected daily irradiation on the following
orientations at De Bilt: '

horizontal, east 90°, south 90°, west 90°, north 90°, east 45°, south-

east 45°, south 45°, south-west 45°, west 45°, south 22,5° and south
67,5°.
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1.

Introduction

This is one of the final reports of the research work carried out by
the Royal Dutch Meteorological Imstitute (KNMI) under contract No.
ESF-006-80 NL (B) for the Commission of the European Communities (DG
XII) and for the Dutch Solar Energy Programme under project No.
4.341, job No. 3.1.4. and 3.1.5..

The work has been done in close cooperation with the Institute of
Applied Physics TNO-TH (TPD) which, being a subcontractor was
responsible for measurements, data handling, presenting of the solar
radiation data and comparison of calculation models.

This research work is part of the CEC - Solar Energy - Programme
Project F,

action 4.1; solar radiation data aquisition,

action 4.2; special measurements,

action 3.2; evaluation of irradiation on tilted pPlanes,

action 3.3; statistical analysis of radiation data.

The main aim of this experimental research work was to collect
reliable radiation data on inclined surfaces in order to validate and
improve the calculation methods which are used to predict the system
performance of solar energy installations.

The complete final reporting consists of three separate reports.

These are;

Part 1 Measurements

Part I1 Validation of calculations models

Part III Climatological values of solar irradiation on the
horizontal and several inclined surfaces at De Bilt.

This report describes the results of Part III:

The calculation of climatological values of solar irradiation on the

horizontal and several inclined surfaces at De Bilt. Climatological

diffuse and direct irradiation values were calculated for the

horizontal surface at De Bilt. These values were used to calculate

climatological values of global irradiation on the following

orientation: east 90°, south 90°, west 90°, north 90°, east 45°,

south east 45°, south 45°, south west 45°, west 45°, south 22,5° and

south 67,5°.

The measurements in Cabauw were used to derive experimental equations

which relate the daily diffuse irradiation on the orientations and



the daily diffuse on the horizontal surface.

These equations were used, together with climatological sunshine data
and the climatological irradiation values on the horizontal surface
to calculate climatological diffuse irradiation values on the
different orientations.

Climatological values of the direct irradiation are calculated
assuming a constant monthly value of the Linke Turbidity factor and
an even distribution of sunshine during the day. For the
groundreflected irradiation an albedo of 0.2 as adapted.

The climatological values of the global irradiation on the 11
orientations and of each of the 3 components namely the direct, the

diffuse and the groundreflected are listed in a table.



2. Mean values of global and direct irradiation on the horizontal

surface as a function of relative sunshine duration S/S, for each
month of the year.

At De Bilt we have about ten years' hourly data of global and direct
irradiation measured with a pyranometer and a pyrheliometer. The
diffuse irradiation is calculated by subtracting the direct
irradiation on the horizontal surface from the global irradiation on
the horizontal surface.
These daily data were assigned to:
a) the 12 months of the year,
b) 11 classes of sunshine duration S/So

(0, 0-0.1, 0.1-0.2, esasey, 0.9-1.00).
The mean irradiation values in each class of relative sunshine
duration were calculated for each month and plotted as a function of
S/So. Fig. 1 and 2 give examples of these plots for the months of
January and July. For each month we calculated the best fit of a
quadratic function of S/S, for the global, the direct and the diffuse
irradiation with the least mean square method for the classes unequal

to zero according to the following equations:

for S/S, > 0 > Gy(S/S,) = g+8,.5/5_ + g, . (s/s,)% global irradiation

for S/s =0 » Gy(0) = g,

for 8/8y > 0 > Iy(S/Sy) = 1)+1y S/S_ + 15 . (8/S_)2 direct irradiation (1)
for $/S, = 0 » Ly(0) = 1,

for 5/85 > 0 > Dy(8/8y) = dy+dy S/, + dy . (S/S)2 diffuse irradiation

for $/S, = 0 » Dy(0) = d

Because GM(S/SO) = IM(S/SO) + DM(S/SO) only a part of these equations
are independent.

The correlation coefficients for the regression equation were of the
order of 0.99.

The class zero, the totally overcast skies, was calculated seperately
because the diffuse irradiation and as a consequence also the global
irradiation show a "jump" at the zero point, which is difficult to
describe in a smooth curve. The explanation for the "jump" is, that
we can have totally overcast skies with very thin clouds and overcast

skies with heavy clouds with a corresponding difference in the



diffuse irradiation.

When we extrapolate the curve for the relative sunshine duration
greater than zero to zero we get irradiation values which correspond
to thin clouds only, while the mean irradiation value corresponding
to an average overcast sky is appreciably lower.

Table I shows the monthly average value of the direct, the diffuse
and the global irradiation at De Bilt as a function of season and
daily relative sunshine duration as derived from about 8 years
measurements and the equation (1).

S = 0 gives the average value for overcast skies.

S = +0 gives the extrapolation to zero of the quadratic equation.
The advantage of a quadratic regression over a linear regression here
is a much better fit for the direct and the diffuse component.

As a consequence the global irradiation is also described with a

quadratic function.



3. Climatology of the sunshine

From eq. (1) we found the direct, the diffuse and the global
irradiation on the horizontal surface as a function of relative
sunshine duration. For the calculation of climatological values on
the horizontal surface we need now the occurrence probability in each
class of sunshine for each month.

In our case we determined these probabilities from the cumulative
frequency curve based on 30 years of sunshine duration (1930-1960).
In table 2 these probabilities are given for each month and each of
the 11 classes of sunshine for the 5 main radiation stations: De
Bilt, Den Helder, Eelde, Vlissingen and Beek.

The probabilities for month M are Py(0), PM(I), ceeey PM(IO) for the

successive classes of relative sunshine duration 0, 0-0.1,
0-9—1 00.

LRI IS I

The probabilities will differ a little over the country. In the
"Klimaatatlas van Nederland" [1] we can see that lines of equal
average sunshine duration are more or less parallel to the coast.

Essentially, these probabilities can be calculated for every station

with a long set of sunshine data.



4. Calculation of climatological values of the global, the direct and

the diffuse irradiation on the horizontal surface.

Combining the regresseion equations from chapter 2 with the sunshine
probabilities from chapter 3, we can calculate climatological values

of the global, the direct and the diffuse irradiation on the

horizontal surface with:

— 0 2

GM = El PM(n) {gl + gZSn + g3Sn } + PM(O) X g,

T = 10 p(n) {t, +1.5 + 1,582} +P(0) x1 (2)
MT DM 17 *2%n T 130 M 0

— 0 2

D, = nEl Py(0) {4, + 4,5+ dy5 °} + PL(0) x 4

S, 1s the mid point of relative sunshine class n.

Thus S = 0.05, .... S;g = 0.95.

The results of these calculations are given in table 4 under the
column GLOBG, DIRG and DIFG.

These values are representative for the period 1930-1960 because the
relative sunshine probabilities are from this period.

To get the long term monthly averages of the global and the direct
irradiations as good as possible we used the following procedure.
First we calculated from the available measurements the linear
relationship with sunshine duration for each month. Then we
calculated from the 80 years of sunshine duration measurements (1900-
1980) the average sunshine duration for each month. And this average
sunshine duration based on 80 years of measurements for a particular
month which can deviate from the average sunshine duration for the
same month during the measuring period is used in the linear
relationship to calculate the longterm average.

This procedure has the advantage that it corrects the values if the
average sunshine duration in the measuring period deviates from the

long term average sunshine duration. We used this procedure to



calculate long term averages for the global irradiation (20 years of
measurements) and the direct irradiation (about 10 years of
measurements) on the horizontal surface at De Bilt. The diffuse
irradiation is calculated from the difference between the global and
the direct irradiation.

Using Fourier analyses we made a smooth interpolation between the
monthly long term averages.

Fig. 3 shows the results and in table 4 the half monthly values are
given in the columns GLOBH, DIRH and DIFH. These values are used for
the calculations of climatological values on the tilted planes of
different orientations.

The GLOBG, DIRG, DIFG values are not interpolated and give only the
monthly averages. Around the 15th of each month the values of the two
should give approximately the same result. Differences are due to the
different calculation methods and the differences in sunshine
duration from 1900-1980 and 1930-1960.

Differences for the global irradiations are in the order of 5% in
winter and 3% in summer. For the direct component the differences are
in the order of 10% in winter and 5% in summer. The values indicate

approximately the accuracy of the values given in table 4.
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5. Representativity of the regression equations (1) derived for De Bilt

at other stations.

Only at De Bilt measurements of the direct component are available
and this makes it impossible to check the direct and the diffuse
component for the other stationms.

The sum of these two components, the global irradiation, is measured
for about 16 years at the main radiation stations Den Helder, Eelde,
Vlissingen and Beek and this opens the possibility to check the
equation (1) for the global irradiation at these stations. For each
of these stations the sunshine data as given in table 2 were
calculated from the cumulative frequency data of sunshine duration
(1930-1960) . The monthly mean of sunshine duration was calculated for
each station and each month according to these data. The monthly
average irradiation for each station was calculated with the equation
2. This value calculated from sunshine data only we call the
calculated average. The measured monthly average irradiation was
calculated too, but this average is based on both sunshine data and
measurements at the stations. For each station and each month a
linear relation was derived from the 16 years measurements. The
relation describes the global irradiation as a linear function of
sunshine duration. The average sunshine duration for that month and
that station were calculated from table 2 and this value was used in
the linear relation to calculate the measured average irradiation.
Now we have two average irradiations based on the same set of
sunshine data for each station. The measured value is the expected
average value at the station and the calculated value is the value we
could expect at De Bilt with the same set of relative sunshine data.
The ratio of measured and calculated average irradiation shows the
differences between the station and De Bilt when we eliminate the
influence of relative sunshine duration. The remaining effects are
differences in the extra terrestrial irradiation and differences in
the atmosphere (turbidity, thickness of the average cloud layer and
so on).

Table 3 shows the ratio of the measured and calculated average
irradiation (first value) and the ratio of the extra terrestrial
irradiation at the main stations and the extra terrestrial

irradiation at De Bilt (second value). Table 3A shows the extra
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terrestrial irradiations at the main stations and the ratio of the
extra terrestrial at the station and the extra terrestrial at De
Bilt.

In summer the differences in extra terrestrial irradiations over the
country are small, but in winter there are differences of about 10%
with respect to De Bilt.

If we compare the ratios in table 3 we find differences in the order
of 1 or 2% up to about 10 to 15% due to differences in the
atmospheric conditions.

All stations seem to get more radiation than De Bilt in the same
sunshine conditions. In summer the differences between the 2 inland
stations Beek and De Bilt are small, but the stations Vlissingen, Den
Helder and Eelde, which are more or less along the coastline seem to
get about 5% more than we expected at De Bilt in the same conditions.
In winter the coast stations and the station Beek (the most southern
station) show about 10% more than we expected at De Bilt. The first
ratio in Table 3 can be used as a correction factor which must be
applied in the equations (1) to get the right value of the global
irradiation at that station. Of course the correction factor for the
direct and the diffuse component in the equations may be different
from the factor for the global but as long as we have no measurements

of these components the most reasonable assumption is to take the

same factor for these components too.
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6. Calculation of the climatological irradiation values for eleven

inclined surfaces

The global irradiation on an inclined surface is the sum of three
components, namely:

a) the direct irradiation on the surface Ig,

b) the diffuse irradiation on the surface Dg»

c) the ground-reflected irradiation on the surface Rg.

Each of these components is calculated separately.

a) The direct irradiation

We know the climatological direct irradiation on the horizontal

surface Tﬁ for month M, and we want to calculate the climatological

value of the direct irradiation on the inclined surface S, I

MS ° for

month M.
We assume the following relation:

Tys = fus * In (3)

fMg is a multiplication factor for the surface S and the month M.

If we assume that the sunshine on the average is evenly distributed
over the day (this can be wrong for one day, but is rather realistic
for averages over periods of 10 days or longer) and if we assume
further that during sunshine over the period the Linke turbidity T is
constant, then it 1is possible to calculate fyg. Under these
assumptions fyg is the ratio of the direct irradiation on the tilted
surface and the direct irradiation on the horizontal surface for a
totaly clear day with a constant Linke turbidity factor T.

Now we could determine fyg for any tilted surface if we know the
date, the geographical position and the Linke turbidity factor T. To
determine the average monthly turbidity factor we used the regression
equation (1) described in chapter 2 for the direct radiation.

For each month M and relative sunshine durations $; = 0.05,

Sy = 0.15 esees8yg = 0.95 we calculated

2
IM(Sn) . i1 + 12 Sn + 1 Sn
S - S

n n

3
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IM(Sn) is the average direct irradiation on the horizontal surface
when the relative sunshine duration is Spe IM(Sn) represents the
direct irradiation for a totally sunny day with"the same average
direct irradiance during sunshine.

Now we calculated for the 15th of that month at De Bilt the direct

irradiation as a function of the Linke turbidity T for a totally

clear day.

IM(Sn)
The value of T where the direct irradiation is equal to

n
we call Ty(S,) and the average Linke turbidity factor is calculated

with

10
TM = I TM(Sn) X PM(n).
n=1

PM(n) is the sunshine probability as defined in chapter 3 at De Bilt.
Fig. 4 shows the result of this calculation for De Bilt. The curve
corresponds fairly well with the curve Dr. Kasten derived for Hamburg
[2].

We found average T-values around 3 for the winter months and values
of about 6 in the summer. These T values are used for the calculation
of table 5, which gives fyg as a function of different orientations,
different inclination angles and the average Linke turbidity factor.
From these tables we can obtain the value of fus (Ty), and the direct
irradiation is calculated with eq. (3).

Comparison of measured and calculated values of fuyg for the monthly
values measured at Cabauw showed differences of a few per cent.

In table 4 the climatological value of the direct component DIRS on
the inclined surface is calculated by multiplying fmg with DIRH the

climatological value of the direct irradiation on the horizontal

surface at De Bilt.

b) The diffuse irradiation

If we assume an isotropic sky, the diffuse irradiation of the

inclined surface S with inclination angle a can be written as:
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DS = DH (cos %)2 (4)

The problem, however, is that an isotropic sky does not exist.
From the measurements at Cabauw (April 1979 - October 1981) on the

eleven different orientations a factor fpg was calculated every day

for each orientation S with

Dg = f D ( oL‘*)z (5)
s = fps - Dy - (cos =7

Dg = the measured diffuse irradiation on the inclined surface S.
(DS = Gs - IS).

Dy = the measured diffuse irradiation on the horizontal surface.
(DH = GH. - IH).
a = the inclination angle of surface S.

The values of fDS were plotted as a function of S/So each month for each
of the eleven orientations. Fig. 5A, 5B, 5C as an example shows fjg as a
function of relative sunshine duration for each orientation in Nov.
1980. The fpg (M,0.) values were plotted at S/So = -0.17. A linear
regression fits the data very well, and fpg could be written as:
fDS (M,S/So) = aye + bMS (S/So + 0.17) for S/So >0
1.17 (6)

fpg (M,0) = ayg for S/s, = 0.

The regression coefficients were determined from about two years of
measurements. So for each month and each orientation we had about 60
values of fpg.

The "jump" in fpg for S/S, = O can be explained in a similar way as
the "jump" in the diffuse irradiation for S/S, = O.

The values of ayg and (aMS + bMS) were plotted as a function of
season for each orientation. Fig. 6 shows the values for south 45°.
As expected the values of ayg were independent of season and only
(aMS + bMS) showed an annual variation. For the calculations in Table

4 we used the average value of ayg and a best fit value for
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(aMS+bMS). The best fit curve was supposed to give the same value for
days with the same maximum altitude of the sun and it was calculated

with a least mean square method.

If we now combine the regression equations given in chapter 2, the
sunshine probabilities as discussed in chapter 3, and equation (6),

we can calculate the climatological value 3&5 for month M and

surface S:
_ (IS 2 10 2
DMS = (cos E—) X [nil PM(n) {dl + dZSn + d3Sn } x fDS (M,Sn)

+ PM(O) p 3 do X fDS(M,O)] %)

The eleven surfaces for which we have regression coefficients are:
east 90°, south 90°, west 90°, north 90°,

east 45°, south-east 45°, south 45°, south-west 45°

west 45°, south 67,5° and south 22,5°.

o 2

In table 4 the ratio of ﬁﬁs and (cos E§) x DIFG is given under the

column FDIF which shows the average value of fDS for climatological

conditions.

The climatological value of the diffuse DIFS is then calculated with

= DIFH
DIFS DMS X DIFC

DIFH is the climatological value of the diffuse irradiation on the
horizontal surface.

c) The ground-reflected irradiation

If we assume diffuse reflection from the ground and a constant albedo
P, the average climatological ground-reflected irradiation on the
surface S with inclination angle a in the month M can be written as:

= = a, 2
RMS p GM(sin ) (8)
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In our claculation we have taken p = 0.2, a value generally observed
for grass surfaces. For Eﬁ we took GLOBH.
Table 4 shows the results of the calculation for the different

orientations under the columm REFS.

d) The global irradiation on an inclined surface

The global irradiation is the sum of the direct, the diffuse and the
reflected component.

Table 4 shows the expected climatological values at De Bilt for an
albedo of 0.20 under the column GLOBS. Fig. 7 and 8 show graphs for
some of these orientations. In table 4 the ratio of the
climatological values of the global on the inclined and the global on
the horizontal surface are listed under the column RATIO.

Fig. 9, 10 and 11 show graphs of this ratio. In the graphs the
diffuse was calculated for each orientation on which has been
measured in Cabauw. The observed ayg and byg for each month see eq.
(6) were used in the calculation.

In table 4 the value of A is the average value of the ayg values
found for each month and a best fit curve was drawn through the
monthly values of (aMS + byg). Table 4 also assumes symmetry around
the south orientations for the diffuse component as well as for the
direct component. In the graphs symmetry is only assumed for the
direct component.

Generally west orientations show a little bit higher values of the
diffuse component than east orientation especially in winter but the
asymmetry in diffuse irradiation seems to be a small effect which
causes differences of the order of 57 in the global irradiation and
these values are of the order of the expected accuracy.

The asymmetry in the direct component has not been investigated yet,
but from the measurements which show symmetry within a few percent
this asymmetry seems to be unimportant for Cabauw and probably for
the whole country. This seems surprising because some types of
weather occur preferently in the morning (fog, low stratus) and
others occur preferently in the afternoon (developing convective
clouds). With respect to radiation these effects seems to balance
more or less against each other and the total effect is symmetry

within a few percent. It may be that the effects along the coast in
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summer are a little bit larger.

Conclusion

From a relatively short data set regression equations can be derived
as a function of relative sunshine duration. These regressions

functions in combination with a regional small correction factor can
be used to calculate climatological values for the irradiation on the

horizontal surface and several inclined surfaces from sunshine data

only.
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and table captions.

Fig. 1

Fig. 2

Fig. 3

Fig. 4

Fig. 5

Fig. 7

Fig. 8

Fig. 9

Fig. 10

Fig. 11

Average global, direct and diffuse irradiation at De Bilt as a

function of relative sunshine duration in January.

Average global, direct and diffuse irradiation at De Bilt as a

function of relative sunshine duration in July.

Annual variation of daily climatological irradiations at the

horizontal surface at De Bilt.

Annual variation of the average Linke Turbidity factor

calculated for De Bilt, compared with Hamburg [2].

Measured values of the diffuse multiplication factor fpg
plotted as a function of relative sunshine duration for
several orientations in the month Nov. 1980.

Monthlty values of diffuse regression coefficients ayg and

(ayg + bMS) for the south 45° orientations as derived from the

measurements in Cabauw.

Annual variation of daily climatological irradiation at north
90° and south 45° at De Bilt.

Annual variation of daily climatological irradiation at east 90°
and south 90° at De Bilt.

Annual variation of the ratio of the average global irradiation
on several south orientations and the average irradiation on the

horizontal surface expressed as a percentage.

Annual variation of the ratio of the average global irradiation
at several vertical surfaces and the average global irradiation

on the horizontal surface expressed as a percentage.

Annual variation of the ratio of the average global irradiations
at several orientations with an inclination angle of 45° and the
average global irradiation on the horizontal surface expressed

as a percentage.



Table 1.

Table 2.

Table 3.

Table 3A

Table 4.

Table 5.
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Average values of the global, direct and diffuse
1rradiation on the horizontal surface at De Bilt as a

function of relative sunshine duration and the month of the

year.

Occurrence probability for the 11 classes of relative
sunshine duration expressed as a percentage for the 5 main

radiation stations (1930-1960).

The first value shows the ratio of the average of the
global irradiation derived from a specific regression for
the station and the value of the global irradiation for the
station derived from the regression for De Bilt. The second
value is the ratio of the extraterrestrial at the station

and the extra terrestrial at De Bilt.

(The table shows) the annual variation of the extra
terrestrial irradiation on the horizontal surface for the 5§
main radiation stations and the ratio of these extra
terrestrial irradiations on the stations and the extra

terrestrial irradiation of De Bilt.

(This table shows) climatological values of the global,
direct and groundreflected irradiations on the horizontal
and several inclined surfaces, as a function of the date.
The ratio of the average irradiation on the orientation and

the average irradiation on the horizontal is listed too.

Multiplication fator of the direct irradiation on the
horizontal surface as a function of date (half monthly
values), inclination angle of the surface (15°, 30°, 45°,
60°, 75°, 90°) and azimuth of the inclined surface (0° is
south, -90° 1is east, +90° is west, 180° 1is north)
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RELATIVE SUNSHINE CLIMATOLOGY,

OCCURRENCE PROBABILITY IN PER CENT
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=] o o
[} NNV INoOVoWNnNoWnnNg [ NOoOoWnwWoooooownn . OO OO0OWNOVNNOCWNO
-— 5 o & 0 @ o 2 0 0 9 o o -— e & 2 ¢ o 0o ¢ ¢ s ¢ 8 o - o & & ° 8 o 9 0 8 o o
} e ONMNeeerNe~OO 1 e NEITNNNE-CO ] ~NeEMITNEN~NCOCO
o o o
. ] .
o OO0 VOVNOOOWVnoIn o nMnNnNnNnNooocownwnin o NOoOOoOVNoOOoOWNNOoODOCOOo
° e @ & ® 0 o 0 0 0 0 o o [} e 0 & 9 @ o6 8 * ¢ 0 0o 8 . ® ®© » ¢ 9 ® o 0 8 o 8 @
! NN ONCC®ONNMN ] NINOONMOOM~INTN [} MINMNOOMOONM~MNNNN
o0 -— " - - - - - - °] - -
. [} .
o0 QVoOunnNnNINoOOoOoOWnWoD o0 oONNNMNOODOOOWVNODWNOD ] MNMUVLVOoODVMMOoOWNNoOovnwowm
[} ® & © o ® o 5 o 0 0 0 o ° s o 8 ¢ 9 o 0 o 8 0 0 @ . e 8 8 0 o o & 9 0 o o
] NMNOCOOOWWOONM-S U TN MO0 NMNAM ! MmMMOODOoO—0OO0OMN
~ v - [ o ~ Ll O ~ - L od -—
[ ) [ ] []
[ oOVOoOOWVNMNODWVODOoOOoOWnWn ~ CoOoOoOVNVnoOVooocwnn ~ nwunownwnoownwvhwoow
[ o 8 0 @ 5 o 0 0 ¥ O o o [ s 8 & 92 9 0 0 0 e 8 0 . ® o 9 5 0 8 ® 0 0 o 9 @
1 MM QONMMN ' NMOVOOC~Oe=ONMN [ TVOVOoCOCOOOCOA~ M
O - - 0 - e - - 0 - -
L ] [ ] L
0 NOCCOWVNMINNOWVLVnININ 0 OOVNOOCWVIND VNN 0 ocoOVnnnNbdDrnnoooo
. ® 8 & 8 0 & 8 0o 8 ¢ 3 ¢ o . e« & & o @ 2 0 0 0 0 o @ . e 5 8 o o o & 0o ¢ s s
] MOMNOONGO OOINM w ! NOOOe-OrO=O N M z ] VNN O0OOOO0ONg
("a] - a w - - - W wn - - -
L4 - L (] [
w — z
- wn 500550550550 X ("} OCOoOoCVMOVNDLVNNNODO - "m NNNNoOOoOWMOoOo nm
-d [] e o ¢ 5 & o0 o & 8 2 ¢ . a 9 © ¢ @ 5 # & o s 0 & v . ® &6 & & © o & 8 o 8 o o
(] ! SINWNVOO OO WN - -4 ] OO e~O0OMOWN w ] L OO 0O =0 O
m ~ - w 3 - - -t ~ - -— e
. a . - L]
w _ —————— b - e >
[~ ~z nwoGCoaooowvnwunounwnm ~ NOOOOWVO WK ninn ~3 NoWnWnNnoopnNnounmmown
[ ] [ ] L] . o e L] [ ] L] e e [ ] L ] L ] [ ] [ ] L] L[] [ ] [ ] [ ] [ ] L ] L] L] ® L [ ] L L] L] [ ] L - [ ] [ ] L] e L]
] NOVOOODOCw OO0 ] ONOCOOX~O OO0 OIN ] NMNOOY™ O O« w0 OWwn
M -~ e e -~ M L adl ol - - ™M - - - e
L] L] L]
M .)SOSSOSSOSSO M COO0OCOoOO0OoOVOoOunoo M 055550.\/05550
[ ] e L] e [ ] L L] [ ] L ] [ ] [ ] L] [ ] L] L] [ ] [ ] [ ] [ ] L L] L] [ ] [ ] L ] [ ] L] L] L[ ] . [ L] a L] L]
] 629992011676 ] r~OOCMOOOOCOOON ] 767919119876
o - - e e o N - Lol
. L [ ]
(8] 000500000005 (aV) NNINONOOoUVLOonrn ~ OOOOSOSOOr)OO
L] L] L] [ ] L] L] L] L] L ] L[] L] L] [ ] e [ ] L] L ] L[ ] [ ] L ] [ ] L ] [ ] L] 1 ] . [ ] [ ] [ ] L] L] [ ] [ )
] 7091.02121.097 {] NOMNORNOCDOO0OOCQO Q™ ' 998080001817
- - A ol ol ol R | o - Landl ol sl ool o il o L o - - - -
L ] L] [ ]
-— NNINOWVMUNINAOo o wnn - 05005:0055550 - NnooOgQunoVnUrnno
] [ ] L ] [ ] L] [ ] [ ] [ ] L ] [ ] L] ) [ ] L] L] ] e 8 [ ] ] L] LJ L ] [ ] ] L] e [ ] [ ] [ ] L] . [ ] L ] L] L L ] L] L]
] OO NOOMe OO 0 [] QO VOO ~NO ! COO0OOVCOCO0OO
o - - e o L o - - - [va} - - L odl ol R g - -
ONOOoOVNOoOOoOVoo COO0OVOOCOOoOOVNOD Qo oOoONVOoOnNonnpo
O ® @ e ©® 0 ¢ ¢ o & o o Q f & & & o o & 8 & 0 o » @ o ® & & & 0 g » & » 9 » »
NMITOONMN O~ 0N OV INAVNOOVOTITM T VO NN O O NN
3 M) O «— - O\ 3 N 3T M CJ v Lai IR "2 AN o — Oy ~T N
PClzoxa>»z10ar>o0 RPClzoear>z J0a ->0 Rlzocar>zs0ar>o0
~ WA CSDDDDODWOC W ~ LW QDD UWOLUOoOW ~ W« D) DWOC U
wn DU TFAgE-HS YT ACANOZO w DU EFafEDHDmHm"anozo (%] HF“M“””AB”ND




RELATIVE SUNSHINE CLIMATOLOGY,

OCCURRENCE PROBABILITY IN PER CENT,

TABLE 2
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Table 3.

Jan

Febr

March

April

June

July

Aug

Sept

Oct

Nov

Dec

The factor, which shows the deviation of the regression
for the station from the regression of De Bilt (first value).
The ratio of the extraterrestrial at the station and the

extraterrestrial at De Bilt (second value). The difference

between the first and the second value.

Eelde

Den Helder

é’gg} +16%

2
0.96] +6%

Vlissingen
i'éz} +14%

L] 8
1.02} +6%
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