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:M:eteorology. - "On the 1'elation between the clottcliness of the sly 
and ille dZtl'ation of sunshine". By Dl'. J. P. VAN DER STOK. 

(Commllnicated in the meeting of September 27, 1918). 

1. The subject, mentioned in the title, has but rare]}' and then 
cursor]]y been dibcussed in meteorological lextbooks, periodicals alld 
monogmphs, and tbe fact that the sum of degl'ee of clondiness and 
dmation of snn&hme, expressed in percentages and considered fol' 
monthly Ol' seasonal means, differs liWe fl'om 100, is th en regarded 
as a satisfa('tory l'esult concerning both methods of observing the 
covering of the sky. 

Frol11 observations taken dllring many years and for three Elll'Opean 
stations in different climates we find: 

Hamburg 1) Pol a 2) Potsdam 3) Ham- Pola Pots-

burg dam 
B S B S B S T T T 

Winter 79°10 14v/ o 56°10 37% 63% 31 0
/ 0 93% 93°(0 94% 

Spring 63 33 49 49 63 36 96 98 99 
Summer 66 31 34 69 59 45 97 103 104 
Autumn 71 22 49 48 64 30 93 97 94 
Year 70 25 47 51 65 33 9;) 98 98 

B = Oloudiness, S = Duration of Sllnshine, T=:B+S. 

In fact it does seem natlll'al that, to a cel'tain extent, the one 
fact.ol' js complimentary to the olher; if the degree of clolldiness is 
a hundred or zero, the dllration must cel'tainly be resp. zero and 
a hundred, and as in temperate climates these extreme cases aften 
occur, it is natural that the sums do not differ much from 100. 
From monthly means of cloudiness and dIlration of sunshine we 
find fol' the live Dlltch stations the nllmbers of table I, calclliated 
ti.'om or reduced to the period :1900-1911. 

From these results it appears that, in general, the ~um incl'eases 
with the sun's height; in summer the sum is nearly a hundred, in 
winter not more than 86 and only at Helder it remains considerably 

1) KÖNIG. Dauer des Sonnenscheins in Europa. Nova Acta, K. Leip. Cal'. D. 
Ak. d. Naturf. Bel. 67, nO 3, 1896. 

2) FRIEDEM.A.N~~. Bewölkung und Sonnenschein des Mittelmeergebietes. Aus dem 
Arch. d. D. Seewarte. Bd. 36, 1913. 

3) MEISZNER. Das Wetter. 1907 en 1910. 
33 

Pl'oceedings Royal Acad. Amstel·dam. Vol. X VI. 
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TABLE J. 

Sums of c10udiness and durahon of sunshme, Monthly means. 

--
De Bilt Helder ! GrOningen! VliSSingen! Maastricht! Mean 

January . 90 80 90 83 86 85.8 

February. 90 83 94 87 90 88.8 

Mareh. 93 80 91 89 87 88.0 

April 97 84 99 93 91 92.8 

May 100 88 102 94 95 95.8 

June 99 89 99 94 92 94.6 

July 99 88 98 92 92 93.8 

August 101 90 99 93 95 95.6 

September 95 82 94 90 88 89 8 

October . 92 80 90 86 88 87.2 

November 91 80 91 80 86 85.6 

December 88 80 90 82 86 85.2 

Year 97 86 97 91 92 92.6 

behind the full percentage in every month. However, it is well known, 
(as an inspection of the hourly values given in annals also prove~) 

that the sunshine-recorders do not regIster unhl some time aftel' 
sunrise and leave off registering before sunset, so that all average 
va.lues (but mostly those of the winterrnonths when the tota1 amount 
of sunshine is smal!) must be too low and that to a considerable extent. 

Monthly means therefore are certainly Hot likely to give a proper 
idea of the relation between cloudiness and durati(1n of sunshine so 
that iJl order to come to a better understanding we employ obElerv
ations taken at a time wh en we are sure of the undisturbed influence 
of the sun; as the cloudiness is observed at 8 a.m., 2 p.m and 
7 p.m, it is the afternoon observation which is indicated fol' this 
investigation. 

As shown by tables 11 and lU, the sum is then considel'itbly 
higher than 100% for all fi ve stations with the exception of winter 
for Helder and of December fol' all stations. 

Froru the fact that in June and July, when the sun is highest, 
the SLlms al'e al most equal for all stations, we may conclude thnt 
indlvidual conceptions in e&timating the cloudiness plny a sLlbordinate 
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T ABLE 11. 
Mean Cloudiness and duration of sunshine, 2 p m, 1909-1911. 

! Helder ! GrOningen! De Bilt ! Vlissmgen ! Maastncht 

! Cl ouds I Sun / C10Uds/ Sun ! C10Udsi Snu ! C10Uds! Sun ! C10Uds! Sun 

January. 66% 25% 78% 27% 700/0 35% 740/0 300/0 75% 28°/ ° 
February 69 27 16 28 70 33 13 34 78 26 

March 66 37 77 3~ 70 46 70 36 75 37 

April 57 54 73 42 64 55 60 55 67 51 

May. 46 65 65 61 60 60 50 69 67 48 

June. 61 52 72 41 71 45 65 48 76 37 

July. 57 56 75 39 69 48 64 50 72 38 

August. 53 57 70 50 59 63 53 61 62 51 

September. 62 47 74 42 66 52 62 50 63 50 

October. 69 32 74 34 66 48 67 40 71 37 

November. 72 19 76 32 72 33 71 25 78 25 

December. 78 10 83 10 79 22 79 16 79 15 

Year. 63 40 74 36 68 45 66 43 72 37 

T ABLE III. 
Sum of Cloudiness and duration of sunshine, 2 pm., 1909-1911. --

Helder !GrOningen I De Bilt IVltSSingen IMaastricht I Mean 

January 91 105 105 104 103 101.6 

february. 96 104 103 107 104 102.8 

March. 103 109 116 106 112 109.2 

Apnl 111 115 119 115 118 115 6 

May 111 126 120 119 115 118.2 

June 113 113 116 113 113 113.6 

July 113 114 117 114 110 113.6 

August 110 120 122 114 113 115.8 

September 109 116 118 112 113 113.5 

October . 101 108 114 11)7 108 107.6 

November. 91 108 105 96 103 100.6 

December. 88 93 101 95 94 94.2 

Ycar . 103 111 113 109 109 108.9 

3;) I, 
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part and that the differenees as shown in these tables must be 
ascl'ibeti rathel' to' the natlll'C of the c!all(ls than ta this reason. 

Wh en treated in tbis way sevelóal~ pccnliarities are absel'ved which -
remain concealed when daily means are used e.g. the fact that near 
Helder the clolldiness is smaller than at de Bilt, whereas de Bilt 
shows 5°/J more of sunshine. . 

Furthermore these tabjes show th at in wintel'time alsa, wben 
the suns elevation is vel'y small (in Janllal'y for 52° h N. and 2 
p. m. the sun's height is only 12.25°), the sums mostly exceed 100 %' 

If we do Hot wish to ascl'ihe the different l'elations at de Bilt 
and Helder, characterized by a diffel'ence of 10 % in the sums .. for 
the whole year, on the one halld to a difference in tbe estimate of 
clolldiness 01', on the other hand, to instrumental unequalities, an 
explanation of these phenomena is required. 

That the 8um of clolldiness and duration of sunshine is m(Jr~ than 
100 % and that this fact is not shown in monthly means because 
two opposite causes neutralize each other, has also been l'emarked 
by others e.g. by BESSON and COlmuDEvAcHE J). 

We can, now take a fmther step and, fi'om the frequent occurrence 
of extreme values, conclllde that also the numbers of tabJes II and 
III cannot be considered as a proper meaSUl'e fol' thc re1atio11 
between cloudiness and d uration of snnshine and we may expect 
that the sums must be consider~bl'y largel' for average values of 
cloudiness. 

This conclusion is fully confirmed by the data of tables IV and 
V, giving the re su lts of a clal:isification of percentages of sunshine's 
duration according to those of cloudiness. Table V is pl'inted as 
an examp1e of the way in which different combinations may occut'. 

Although the nllmbel's of table IV do not everywhere show a 
regular course, they clearly demonstl'ate that the sums of cloudiness 
and duration of sunshine may amount in surnmer to more thall 
130, in winter to more than 110 %

, 

In this communication the disa,gl'eements bet.ween different stafions 
are not taken into consideration and the question is restricted to 
the problem: how to explain the absolute values, the differences 
between SUlumer and winter and the position of the maxima. as shown 
in table IV fol' the station de BHt only. 

2. In order to find a possible relation between the results of 
both methods of observing the covel'ing of the sky, it is in the first 
place necessary to consider, what is understood by the term "degree 

1) Ann. Soc. Météol'. de Ft'allce, 56, 1908 (73). 
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T ABLE IV 

Sums of c10udiness and duration of sunshine in percentages 
De Bilt, 2 pm. 1900-1911 

9oud
-1 

Jan. Febr;-I April June Aug. oct. 
mess Dec. March May July Sept. Nov. 

0 89 98 100 100 100 99 

108 107 110 IlO 108 105 

2 111 104 119 118 119 110 

3 107 117 123 128 126 115 

4 94 119 125 131 130 109 

5 92 116 125 127 127 107 

6 98 112 124 124 122 111 

7 93 110 124 118 120 102 

8 91 97 103 103 102 97 

9 94 97 96 100 99 95 

10 101 101 104 102 104 101 

Mean 98 : 104 112 114 114 103 
Number 735 714 732 732 732 730 ohserv. 

TABLE V. 
Frequency of cloudiuess and duration of sunshine. 

De Bilt 2 pm. 1900-1911. June and July. 

Duration o f s u n s h i n e. .... Mean (IJ 

.c 
duration of 

ol 1 1 21 31 41 5/ 61 71 si 91 10 
E ~10Ud-1 :::I 

sunshine Z 
wess 

0 - - - - - - - - - - 15 15 100.0 010 

1 - - - - - - - - - - 32 32 100.0 

2 - - 1 - - - - - 1 - 46 48 97.9 

3 - - - - - - 1 1 - 3 58 63 98.4 

4 - - - 1 - 1 4 - 7 5 32 50 90.6 

5 1 2 2 1 3 3 3 4 7 9 23 58 77.4 

6 5 4 5 5 5 4 7 8 .5 8 22 78 64.0 

7 13 8 9 11 4 4 16 3 15 6 7 96 47.5 

8 38 11 17 11 5 6 3 4 - 5 1 101 22.7 

9 58 9 5 3 4 4 2 - 1 - - 86 9.8 

10 91 9 4 - 1 - - - - - - 105 2.0 

Sum 206 43 43 32 22 22 36 20 36 36 236 732 51.2 
I 

Mean cloudiness 62.6 OIo 
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of cloncliness", anel, ir posslble, to sllbstitute a simpIer elefinition, 
sllitable fol' mathematica! treatmellt, fOl' this eVldently complIcated 
conception. 

/ In tlg.(l) the plane of the drawing 
f--J<-~-f"L---"Uf-~--+"'--"~---7.:>....-.+--"n"",- repl'esents a plane going through 

the obseever in 0 and the zenith 
in Mo; the ciI'cles are projections 
of spherical clouds upon this plane, 
the diameter of the clouds is 
denoted by cl, their mutual dlstcmce 
by 6.. 

Fig. 1. The appal'ent proportion of white 
to white anel bll1e in the sky will be diffel'ent according to tbe part 
of the arc <PI> (P2-rp1 (P,z+l-rpn considel'ed; obviously the apparent' 
clolldiness of the 12th order is 

all+1 + an 

Pn+l - pn 

As we have here to do with proportiolls, and angulal' vallles are 
unsllitable fol' mathematical treatment, we substituie fol' tlJe pro
iecLlOn upon tlle sky - arc the pl'ojection upon the straight line 
1110 .1111 •• • 1I1n ; then tbe apparent clouclines& is defineel as: 

1J;In+I 1nn+l + 1I1n nn 

1J;I,I+1 11111 

d cos (Pr,+1 - a'l+l) + cos (rPn +(ln ) 

6. 2 cos (rPn+l - an+I) cos (rpn +an f 
cl 

Here b.. denotes the true cloudiness }TT of the sky, the c10udiness 

heing defined as a proportion between linea!' quantities. When the 
sphel'es are not vel'y lal'g'e we can aSSUIl18 an average value for 
12 aud n + 1, and the apparent cloudiness of the n th order becomes: 

. , 
01', as s~n (tn = sz12 ao cos rpn 

L. 
q=-

7t 

V n2q2 + cos2 a 
Sn::::: W " J 

cos- ao 

If the clouds are not large so thai cos 2(1 = 1 may be assmued 
as equal to unity, this expression becomes, owing to the relation 

nq = tang <Pil, 
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TV 
811 =-

cos rpn 

As cos 26 = 0.99, this wiU hold good fol' pl'etly large cloncls 
which, when seen in the zenith, are measured by an angular value 
of 12°. 

At ft zenith's distance 
rp = arc cos (W) 

the apparent cloudiness becomes equa,l to umty, i.e. the clouclbank. 
begins there, which is always more Ol' less manifest when the clouds 
are regularly spread over tbe sky. 

In the foregoing considerations the true cloucliness (lV) is regarcled 
as a pl'oportion of linear quantities, whereas in reality the proportion 
between white and blue in the plane going through Mo :flf1 M2 and 
at righ t angle to the plane of the dl'awing of fig. (1) ought to be 
considel'ed, anel the question al'ises in how far it is permissible to 
substitnte a. fictitions linea.l' J'epartItion along a line for a real cloud
iness as measured in aplane. 

In fig. (2) the cloucls, assumed to 
~~~~ 0 0 0 be spherical, are projected upon the 

plane going through their centra a.nd 
an obsel'ver, looJdng a.t this plane fi'om 
a point 0 below the origin of coordi-o na.tes, will notice total1y different pro
portions between white and blue in o 0 different directions. 

lf, as in fig. (2), the mutual distance 
b:. is equal to twice the diameter d, o 0 0 0 he will notice six dIfferent degÎ'ees of 

Fig. 2. cloudiness within an angular distance 
of 45°, as denoted by full lines, and the alignments a and e wiJl 
be repeated 4 times, the other 6 times over the whole sky. 

The average clondiness derived from this l'eglllar arrangement 
is then 

~ [~ V~ 2V5 2VIO 2V13 2V17l_ 
20 + 2 + 5 + 10 + 13 + 17 -0.214. 

Fl'om the propol'tion bet ween the surface of the circles a.nd the 
total surface of the corresponding plane we find fol' the true cloud
iness, accol'ding to the fOl'mula: 

:Jl dl :Ir 

Ct. =4.62 =16 = 0.196 

showing a difference of 1.8 0/0' 
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Although UlÎs calcu!ation (given as an example, not as a pl'oClf) 
is applica.ble on1y to model'a.te and small degrees of cloudiness, 
because a cloudiness 10 cannot be represented by cil'cles, we may 
concluele from this example that it is permi5sible to substitllte a 
linear for a surface-clolleliness of which it is impossible to give a 
fin al definition because a given pl'oportion of white and blue jn a 
plane can be l'epresenteel in very different ways. 

3. In the following calcnlations we assume the çlouds to have -
the shape of an ellipse rotating about a vertical axis anel that these 
clouds, if avel'age vallles deriveel from many observations are used, 
mny be considered as small so that the tangents, drawn to jhe 
ellipse in a vertica! plane, may be regal'deel as parallel. The weU 
known fact that the elimensions of all objects (mountains, constel
lations, sun, moon) when seen ne ar the horizon appeal' strongly 
exaggerated, is taken into account by introçlucing a physiological 
f,'tctor f(cp). 

The relation between tr11e anel apparent cloueliness in a point at 
a zenith's distance cp then becomes: 

Ws = W f(rp) VI + k2 tang 2cp, • • (1) 

where l.; elenotes the proportion between the yertical and hOl'izontal 
axes of the ellipsoiel i. e. greatel' than unity when pointed upwarcls, 
smaller than unity when oblate. 

We fllrther assume that an object at the horizon is seen 'twice 
as large as in the zenith, anel as f(rp) must satisfy the condition 
th at f = 1 for rp = 0, the sim pIest fOl'ms which this funl'tioll can 
be gi \ren are: 

11 == 1 Î sin cp , J~ = 2 - cos 2(p ,fa = 2 - cos cp. 

Of these functions the fil'st con'esponds with the greatest, the last 
Witll the smallest augmentation fol' vnlues of p near 45°. 

The value of the angle (j, the ~~enith's distance where, apparently, 
the blne elisappears out of the sky and the perspecth'e clouelbank 
begins, is th en eletermined by the fOl'mula: 

W.f(t1). VI + Jc2 tang 2iJ = 1 . . ~. . . (2) 

anel the sum of the rloudiness in the arc rp = ° to rp = IJ becomes : 
j3 

IW = TV J f(rp) . VI + k~ tang2 p dep. (3) 

o 

The apparent cloudiness cOl'l'esponding to the tl'ue clolleliness TtV 
is then : 

(4) 
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If Z denotes the duration of sunshine as l'egistel'eel at (he same 
time, th en the expression holds good : 

l-Z=R'= WVI tk2tang2!? (5) 

where !? is the sun's zenith's distance. 
vJTs anel R being known by observation, it is, theorelically, possible 

to cal cu late the two unknown quantities vIT anel lc fl'om (4) and (5) 
with the help of (2) and (3), 

Practically the onl,}' possibility to, come to a result is to give 1.; 

different values anel to calculate vIT anel R for a series of values 
of the allxiliary quantity (j, 

In the following calenlations the zenith'E distance of the sun at 
2 p.m. has been assumed to be in sU,mmer (June-July) 37°42'5, in 
winter (December-January) 78°37'. 

Table VI shows the reslllts of tlle calclliation .for the snmmer
months anel :::pherical clouds (1c = 1); it appears then that, starting 
from the assumed sllppositioll an explanation can be given of the 
l'esults of observation concerning the magnitude of the sum Ol 

cloueliness and duratioll of sunshine. The first augmenting factor, 
1 + sin cp, leads to values which are somewhat toa large; the 
second, 2 -cos2cp, to an exact maximum; the last, 2-cos (P, to a 
value somewhat smaller than 130. 

The position of the maximum is less satisfactory; it corresponcls 
in table IV to an apparent clo~leliness of 4, whereas in Table VI 
the greatest val nes C'orl'espond to an tl,pparent cloucliness of 6.5 and 
5.5. The allgmenting factor 2-cos rp gives the best results because 
then the calculated duration of sUl1shine for the heavy cloudiness 
7 -8 iR smaller than in the foregoing tables and shows a better 
agreement with the munbers of (able IV. 

Fol' this l'eason tlle latter augmenting fa,ctol' is chosen in calculat
ing the cloucliness anel elul'Ution of snnshine fol' thl'ee val nes of 1.; 

viz. 1.305, 1.5 and 2, all gl'eatel' than unit)' anel therefol'e cor
responding with clouds pointecl upwal'c1s. Fot' values smaller than unity 
the shifting of the maximum would certainly occur in the wrong 
direction i. e. to the side of the l1eavy clolleliness. 

In fact tgese increaseel vallles of k lead to an impl'ovement of the 
l'eslllts, the maximum now cOl'l'esponcling with an a.pparent clouel
iness of 5. 

As might luwe been expécteel, the inflllence of a. va,riation of k 
upon the position of thc maximum is not gl'eat when the value of 
!? is sm all , becallse in iha,t case R val'ies little wHh ?n. 

A more complete agreement beiween calculn,tion allel obsel'va.tion 
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might be obtained, but only by llSlIlg a more complicated augment
ing factor. 

When the sun's height decreases or'Q increases, the influence of k 
is mnch stronger; values as l~ = 0.5 or k = 0.12 appeared to be 
of no use in calculating the dumtion of sunshine in winter and, aftel' 
some trials, only the value k = 0.25 proved to give satisfactol'y resultfl. 

As for the summel'Jrlonths the factor 2-cos rp appeared to be the_ 
best, although the maximum value happens to be somewbat too sll}all; 
on the other hand the position of the maximum is al most accurate, 
corresponding wHh an apparent cloudiness of 2. 

For the wintermonths, therefore, an a1most complete agreement 
between calculation and obsel'vation might be obtained by increasing 
the augmenting factOl' and assnming e.g. 2.5-1.5 cos cp. which wou1d 
agree with the experiment, the augmentation near the horizon being 
certainly more than twice. 

The integration-constants 1 + k and + 1 in the forlllula for 11 

(tabie VUL) had to be added in order to ensure the condition : 

11 =0 for x=O 

In calculating the elliptical integrals in the expressions for 13 , 

the "Funktionentafeln mit Formeln und Kurven von JAHNKE und 
ElIfDE". Teubnel' 1909, have been made use of. 

4. The resnlts of th is inquiry can be summed up as follows; it 
is possible to explain the relation between cloudiness and duration 
of sunshine ae found by experiment by means of theoretical reasoning 
and simple assllmptions. In this way a numel'ical measure of the 
specific influence' of the cloudiness upon radiation, l'eceived and 
emitted, can be obtained according to the nature of the douds in different 
seasons. 

In the r,onsideratiol1s made use of in treating this problem, it is 
assurned th at in ra1eulating thë estimated cloudiness UTs and also 
the appal'ent clolldiness R, as derived from tbe durafion of sunshine, 
tbe same value W of the true cloudiness obtains. 

This sup'position is cel'tain Iy not q uite j llstified; the former observ
ation is made with incident l'ays, Ol' more accul'ately diffuse reflection, 
the lat ter with transmitted light and probably (at least for Cirri, 
Pseudo-cirri and Fl'acto-Ollmuli) the 100se, floeky clouds and eloud
borders transmit some light, whel'eas, with reflected light, they make 
the impression of an entire covering of that cloudy part of the 
sky; on thc other hand tbe sunshine-recol'del's l'eadily discontinue 
l'egistering w hen the sun's rays are absorhed. Tl1e faet also that the 
sun's image as formed by the glass sphel'e Ol' the slit of the sun-
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shine-recorder not teing smalt with respect to the time-5cale, may 
give rise to a smaller vaJne of lV than is c1erived from the estimated 
cloueliness, becanse a more or less contimlOus discoloration can be 
observed whell light and shaelow are in reality varying in a dis
continuous way. It will be elifficult to take into account either factor 
as they are dependent on the velocity of the cloudmotion by which the 
possibility of a registration of relati vely reebIe rays of light is determined. 
The inflnence of these facrors can be eletel'mined only by experiment, 
which however would be difficult to carry out. It wou1d be necessary 
to extelld it to a great nnmber of different cases and, in order to 
inquire in how far compensation lJappens to occur between toa large 
a perrcntage of SHllshille in the case of sJowly moving clouds and 
too small a percentage when the clouddrift is more rapid, ihe ex
periment woulel luwe to be extended to a great number of different rases. 

Finally it may be noticed that the fact th at clouds genet'ally show 
a flat base anel a pointed apex, migbt be taken into account by 
considering the upper half of ellipsoids, the equatorial plane being 
situateel in the plane Ms ~Ml .. kIn. Then the ell1ration of sunshine 
corresponding to a given value of vV increases, but as, on the other 
hand, the apparent cloudiness elecl'eases, the sums l'emain l1f'arly 
the same. 

TABLE VI. 
Calculation for spherical clouds. 

De Bilt, June + July, « = 37°42'.5 

P 
1 

W 
1 

Ws I 
z Ws+Z 

30° 0.577 0.922 0.270 119.2 k=l 

35 0.521 0.894 0.342 123.6 

40 0.466 0.862 0.411 127.3 
1 +sin/3 

W cos P 
45 0.414 0.824 0.476 130.0 

50 0.364 0.781 0.540 
W 

132.1 R=-cosp 

55 0.315 0.732 0.601 133.3 

60 0.268 0.677 0.661 133.8 ! _..!. in 1 + sin ~ 
1 - 2 1- sin p in cos p 

65 0.222 0.611 0.720 133.1 

70 0.176 0.538 0.777 131·.5 

75 0.132 0.450 0.833 128.3 

80 0.088 0.345 0.889 123.4 

85 0.044 0.211 0.945 115.6 
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/9 

I 
W I Ws I 

2 I Ut's + z 

30° 0.693 0.931 0.124 105.5 

35 0.616 0.899 0.221 112.0 

40 0.542 0.861 0.315 117.6 2-cos2 p 
Ut 

cos P 
45 0.471 0.817 o 405 122.2 

50 0.405 0.769 0.488 125.7 R=~ cosp 

55 0.343 0.714 0.566 128.0 

60 0.286 0.655 0.638 129.3 . 

65 0.232 0.589 0.707 129.6 J. = in 1 +s~n p 
2 l-smf3 sin f' 

70 0.182 0.515 0.770 128.5 

75 0.134 0.430 0.831 126.1 

80 0.088 0.329 0.889 121.8 

85 0.044 0.202 0.944 114.6 

30 0.764 0.947 0. 035 1 98.2 

35 0.694 0.919 0.123 104.2 

40 0.621 0.883 0.215 109.8 1= 
2-cosp 

W cos!, 
45 0.547 0.841 0.309 115.0 

W 
50 0.474 0.791 0.401 tt9.2 R=-cosp 

55 0.402 0.734 0.492 122.6 

60 0.333 0.670 0.579 124.9 J. - I 1 + sin f3 
3 - ni-sin!' /9 

65 0.268 0.598 0.661 125.9 

70 0.206 0.518 0.739 125.7 

75 0.149 0.427 0.812 123.9 

80 0.095 0.322 0.880 120.2 

85 0.046 0.194 0.942 113.6 
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TABLE VII 

Calculation for clouds pointed upwards: k> 1. De Bilt, June-July, '/ = 37°42'.5. 

{1 

I 
W 

I 
Ws I 

z 
I 

Sum 
I 

30° 0.704 0.933 0.002 93.5% k= 1.305 

35 0.625 0.900 0.114 101.4 1 = Vl+m2sin2{1 
2-cos!:.- Ut 

cos {1 

40 0.547 0.860 0.225 108.5 

45 0.470 0.814 0.333 114.7 R = V l+m2 sin2p Ut 
cosp 

50 0.399 0.761 0.435 119.6 Vl+m2x 2+kx 
13=k in V 

55 0.332 0.701 0.530 123.1 1+m2 x 2 -kx 

60 0.270 0.639 0.618 125.7 

65 0.213 0.567 0.698 126.5 
Vl+m2 x 2+mx 

-mln 
Vl+m2x 2-mx 

70 0.162 0.492 0.770 126.2 rr/~ 

75 0.116 0.406 0.836 124.2 -f d'rv l-n2 sin2 'r 

80 0.073 0.307 0.896 120.3 
rr/J-{1 

m2=k2- 1 
k2-1 

x=sin{1 85 0.035 0.189 0.957 115.6 n2=-k2 
I 

30° 0.667 0.925 0.000 92.5°/° 

35 0.584 0.889 0.106 99.5 

40 0.504 0.847 0.228 107.5 h=2 -- COST 

45 0.429 0.800 0.343 114.3 

50 0.360 0.749 0.449 119.8 

55 0.297 0.688 0.546 123.4 k= 1.5 

60 0.245 0.625 0.633 125.8 

65 0.188 0.556 0.711 126.7 

70 . 0.142 0.481 0.782 126.3 

75 0.101 0.397 0.845 124.2 

80 0.064 0.301 0.902 120.3 

85 0.030 0.183 0.953 113.6 
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b20 
... 

~ I 
w 

I 
Ws I 

z 
I 

Sum 
I 

30~ 0.577 o 905 0.000 90 5010 

35 0.492 0.866 0.094 96.0 

40 0.415 0.821 0.236 105.7 
1/3=2-COS,? 

45 0.346 0.768 0.363 113.1 

50 0.285 0.719 0.475 119.4 k=2 

55 o 232 0.662 0.573 123.5 

60 o 185 0.601 0.659 126 0 

65 o 144 0.536 0.735 127.1 

70 0.108 0.464 0.801 126.5 

75 o 076 0.384 o 860 124.4 

80 0.048 0.292 0.911 120.3 

85 0.023 [ 0.179 0.958 113.7 

T ABLE VIII. 

Calculation for flat cIouds: k < 1 = 0.25. 

De Bilt. December + January, C(= 78°37'. 

-
f3 I 

W 
I Ws I z Isum I 

40 0.596 0.912 0.052 96.4 

45 0.568 0.888 0.094 98.2 1 = VI - m2 sm213 1 +sm f3 W 
cos f3 

50 0.M3 0.875 0.135 101.0 

55 0.518 0.854 0.175 102.9 R = VI - m2 sin2 P W". 
cos 

60 0.492 0.829 0.216 104.5 

65 0.462 0.798 0.263 106.1 
k Vl-m2x2+1.·x 

1\ =-ln V 2 l-m2x2-kx 
70 0.425 0.753 0.323 107.6 

75 0.372 0.683 0.407 109.0 
+ m bg sin (mx) 

80 0.290 0.563 0.537 110.0 
Vl-m2x 2 +k 

+kln 
(l+k) VI- X 2 

825 0.230 o 464 0.634 109.8 

85 0.166 0.353 o 736 108.9 + 1-Vl-m2x 2 

875 0.086 0.202 0.863 106.5 m2=k2 -1 x = sin ~ 
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))21 

/3 

I 
W I 

Ws I 
z 

I 
Sum 

40 0.693 0.912 0.000 91.2 1 = V I - m2 sm? f1 2-cos2 f1 
cos f1 Ut 

45 0.647 0.886 0.000 88.6 

50 0.604 0.859 0.037 89.6 R= VI-m2sm2 p W 
cos p 

55 0.564 0.829 0.102 930 

60 0.524 0.797 0.164 96.1 
VI-m2 x 2 +kx 

12 = k ln V l-m2 x2-kx 
65 0.495 0.759 0.229 98 8 

70 0.438 0.710 0.302 101.2 
-tx VI_ m2 x 2 

75 o 378 0.639 0.397 103.6 
4m2~1 

+ 2m bg sin (mx) 

80 0.293 0.525 0.534 105.9 

825 0.235 0.441 0.625 106.6 m2 =k2 -1 x =smf1 

85 0.166 0.331 0.736 106.7 

875 0.086 0.202 0.863 106.5 

40 0.793 0.949 0.000 94.9 

45 0.750 0.901 0.000 90.1 1 = Vl_ m2 sm2 f1 2-cosPW 
cos f1 

50 0.706 0.890 0.000 89.0 

55 0.660 0.860 0.000 86 0 R = VI - m2 sm2 p W 
cos p 

60 0.612 0.823 0.026 84.9 

65 0.559 0.778 0.109 88.7 
Vl-m2 x2 +kx 

13=kln / 
"1-m2 x 2 - kx 

70 0.497 0.719 0.207 92.6 + 2m bg sin (mx) 

75 0.420 0.637 0.341 97.8 -J!rVl -m2 sm2 1' 

80 0.316 0.513 0.497 101.0 

825 0.249 0.421 0.603 102.41 m2 = k2 -1 x=sin,3 

85 0.173 0.315 0.724 103 9 

87~ 0.088 0.178 0.860 103.8 


