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Light intensity measurements have had an importance in 
forest stands particularly in relation to the characterization of the 
light conditions below the canopy. They so can lead to a better 
knowledge of the local ecology and of the bio-climatological 
conditions, and furthermore to the analysis and better planning 
of stand treatment and regeneration. Different methods of measure
ments have been developed and according to the set purpose, 
absolute or relative measurements are used. 

As the absolute light conditions below the canopy are directly 
related to the actual light condition above the canopy or in the 
open, the two sets of measurements below and above the canopy 
must necessarily also be related to each other. This can be done 
either by calculating the mathematical relation between the two 
sets of measurements or by directly measuring the lower light 
intensity (under canopy) as a percentage of the higher light 
intensity (above canopy). 

Relative light measurements present a great advantage, they 
are less liable to accidental fluctuations within a very short time 
and they allow an effective comparison between different places, 
especially between different stand densities. Direct or indirect 
relative measurements are especially succesful for the characteriza
tion of light conditions below the canopy of forest stands or at 
different levels, for the elaboration of light intensity maps in forest 

(*) This investigation forms part of the collective researchprogram of the 
« Centre National d'Ecologie Generale» (CNEG President Prof. dr. P. 
Du vignea ud-Brussels). 
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stands, as well as for the investigation of the eventual relation 
existing between given light conditions and different stand charac
teristics such as yield, increment and basal area. 

Different methods used for relative light measurements are 
described everywhere (Fairbairn 1958, 1961; Naegeli 1940; 
Shipman 1954; Brechtel 1962; Roussel 1953). 

Synchronized observations below the canopy and in the open 
can in fact be obtained by two persons who make readings at 
specified time intervals and who therefore used a prefixed time
scheme or a known sound signal. Such a method of measurement 
however supposes the existence of a free space or an open field, 
easily accessible and immediately adjacent to the forest sample plot. 

The open space available for such reference measurements 
must cover a considerable area as the measurements in the open 
must be done at a distance from the forest margin equal to three 
or four times the maximal tree hight at the moment. 

Where there is no such open field area available near the 
forest stand, the reference measurement have to be made immedia
tely above the canopy of the plot for example by means of a mast. 

It is, in conclusion, also possible, to calculate relative light 
intensity conditions going out from results given by integrating 
light apparatus or by recorders placed above and below the canopy. 
It was however found by Geiger 1961, Sauberer and Haertel 
1959, Mitscherlich et al. 1965, 1966, 1967, Burschel and 
Schmaltz 1965, that with the decrease of the light intensity in 
the open, the relative light intensity increases. So that for example 
on some day at the same place in a forest stand different relative 
light intensities can be noticed according to the course of the light 
intensity in the open. This inverse relation may be explained by 
the fact that direct radiation is more intensely reflected than the 
diffuse light. Hence it becomes necessary to make reservations 
concerning the relative values obtained by calculation departing 
from totalized measurements. 

It is a fact that in nearly all current methods, these relative 
values must be calculated a fairly long time after the basic measure
ments were taken. It is often unavoidable to use series of absolute 
measurements taken by different persons, and this will always be 
a disadvantage. At the same time it is also disadvantageous because 
faulty measurements cannot be recognized on the spot, so that 
after all series of observations are useless. 

The use of a certain number of instruments, however of the 
same type and identical in general terms, leads to insecurity as to 
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the real value of relative data, as these so-called «identical instru
ments » are never absolutely identical, especially in regard to their 
sensitiveness. 

Thus Brechtel1962 stated a number of important disadvant
ages belong to the fact that the calculations of relative light intensity 
values were made some time after the moment of measurement. 
Taking all this in consideration, he constructed a simple apparatus 
by which it was possible to read instantaneously the relative light 
intensity in a forest stand. 

As it was desirable from our point of view out, to facilitate the 
operational part of the apparatus by Br e c h t e 1, we constructed an 
analogical apparatus based on a different principle. Describing 
both the principles all becomes clear. 

2. Principle of the apparatus 

2.1. The Apparatus by Brechtel 1962 

Figure 1 gives a schematic survey of the principle of the appara
tus in question. Two photo-elements F land Fz are respectively above 
and below the canopy. As the switch 1 is in the position 1 the 
microampere meter (A) with a scale varying from 0 to 100 indicates 
the current of the photo-cell F 1. By means of a potentiometer 
Rv the value 100 is adjusted. When S is in the position 2, the 
photo-current of the second cell (F2) being indicated, the relative 
light current can immediately be read in percent of the previous 
one and this for the same position of the potentiometer. 
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Fig. 1. The principle of the relative light intensity meter constructed by 
Brechtel1962. 
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2.2. The Principle of a Relative Light Intensity Instrument with Com
pensating Circuit 

Two photo-cells respectively above (F 1) and below the canopy 
(F 2) are connected in opposition (Fig. 2). As F 1 produces a greater 
current than F 2 and as these photo-currents are anti-currents in 
a closed circuit, there is a differential current indicated on the 
llA meter (A). Turning the linear potentiometer (Rv) in the correct 
position, the differential current can be compensated or reduced 
to zero, so that no current flows through the llA-meter. The pointer 
is at zero on the scale of the J.lA-meter with a central zero position. 
The adjustmen t of the potentiometer ind~cates a value that corres
ponds to the rela tive light intensity. 
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Fig. 2. The principle of a relative light intensity meter with compensating 
circuit. 

2.3. Theoretical and Pratical Approach to the Calibration 

In fig. 2 each photo-cell can be considered as a D.C.-generator 
with a current I, an e.mJ. E and a resistance R. 

The relation between these quantitives for the two selenium 
photo-cells are respectively : 

El 
11 = RI + Rv (1) and (2) 

Reducing the differential current to zero by varying the poten
tiometer, both above mentioned relations (1) and (2) become 
equivalent: 

RI + Rv 
(3) 
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The relation-curve between the position of the potentiometer in degrees 
(Xd) and the relative light intensity in percent transmittance ' (ypt) 
for the A- and the B-scale. 
The equation for the A-scale is : 
0,000996 Xd - 0,000497 Xd ypt + 0,141571 ypt = 1 
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The proportion of the e.m.f. E2 and El is decisive for the pro
portion of the light intensities below and above the canopy. 

The relation (3) may be written as: 

R 2 
(4) 

The value of the proportion p can vary between one and zero. 

For each value p there is a corresponding value for Rv varying 
between zero and infinite. 

The internal resistances RI and R2 of the two photo-cells are 
different because they change with the received light intensity. 
For different external resistances varying between 15 and 1.500 
Ohm of a selenium photo-cell, it was possible to relate the absolute 
light intensity and the internal resistance. It was found that for 
an increased absolute light intensity, the internal resistance de
creases. That is why the internal resistances RI and R2 vary 
according to the change of the light intensity. 

For the above mentioned reasons the theoretical calibrations 
by calculation of the relation (4) are far from easy, so that the 
practical way is necessary. The practical calibration was done as 
follows. A given proportion of the light intensities on the two 
photo-cells in a compensating circuit of the apparatus implicates 
a specified value and a position of the potentiometer (Rv). The 
position of the potentiometer may be read in degrees on a gradua
tion and is an indication for the relative light intensity (figure 3). 
It is found that the relation between the position of the potentio
meter in degrees (Xd) and the relative light intensity in percent 
transmittance (ypt) is hyperbolic. So the curve of the A-scale 
calibration is a perfect hyperbola with the equation: 

0,000996 Xd - 0,000497 XdYpt + 0,141571 ypt 1 

2.4. Practical Design 

The figure 4 shows the practical outline of the apparatus. 
In order to have some control over the value of relative light 
intensity in practical situations it was desirable also to create with 
the same apparatus a possibility for absolute light intensity measure
ments. 

The tumbler-switch S2 leaves a choice between the absolute 
and the relative measurements. The absolute measurements above 
or below the canopy (switch S5) may be read on the scale of the 
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Fig. 4. The practical outline of the relative light intensity meter with compen
sating circuit and with possibilities for absolute measurements. 
81 on/out 84 20/100 f.c. 
82 f.c./% 85 above/below 
83 A-/B-scale 86 zero-set. 
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microampe.re meter which is calibrated by the resistances R 3, R 4, 

R 5, RG in an adjusted 20 or 100 f.c. full-scale, chosen by means 
of the tumbler-switch Silo 

The ~A-meter is one with a central zero-position. 

As for the absolute or the relative measurements, this was the 
best solution. For the absolute measurements the pointer moves 
to the right or to the left according to the concerned light intensity 
above or below the canopy. 

As described in the principle for instantaneous measurement 
of relative light intensity (2.2) a linear potentiometer Rv (10 k Q) 
had to reduce the differential current in the circuit. 

To enlarge the range of measurements it was necessary to use 
a resistance R 2, so that two scales were available. The switch S3 
leaves a choice between an A or a B scale. Both these scales have 
a different range. 

The connection of the two photo-cells (F 1 and F 2) with the 
apparatus is made by two wires of different length. The obtained 
differential resistance is reduced by an adjustment of the resist
ance R 7• 

The push-switch S6 serves as a zero-set for the !lA-meter. 

3. Operation of the apparatus 

3.1. Photo-cells 

The cells used for the apparatu ar selenium photo-cells 
Dr. Lange S50. These cells are iTequently used in 'urop .lor light 
intensity m asurements in forest stands and r lat cl problems 
(Brechtel 1962; Van Miegroet 1965; Mitscherlich et al. 
1965, 1966, 1967), because their spectral sensitiveness covers that 
of the human eye and the concerned maxima of both curves coin
cide. 

At the same time the photo- urrcnt rises proportionally with 
the light intensity. But this characteristic is linear only below the 
1000 lux for an external r sistance of 100 Ohm. 

3.2. Filters 

If the light intensity is above 1000 lux it is necessary to redue 
them so as to obtain significant l'esults with the selenium photo- ell. 

There is a wide range of neutral density filters available. The 
1 oclak Neutral Density filters have for example a range of filter 
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densities varying from 80.0 to 0.010 percent transmittance. Nor
mally one of these neutral filters is sufficient to reduce the light 
intensity beneath the limit. 

A first rational condition concerning the operation of the 
apparatus is that the full light intensity in the open or above the 
canopy (Ebo) is greater than or equal to this in a forest stand (Eo). 

(5) 

This first requirement is stated because of the environment 
of the measurements of relative light intensity. 

Nevertheless by injudicious use of neutral filters, the read 
value of the light intensity below the canopy can be greater than 
that in the open, so that no relative value can be obtained. 

The next condition is determined by the density of the filter 
used on the photocell in the open (F bO)' 

As said the filter had to be able to reduce the intensity below 
1000 lux. If a III ler with a percent transmittance of 0.10 is used, 
the light intensity to measur may be at the most 106 lux. Using 
a filter of 1.0 percent transmittance, the intensity to measure must 
be less than 105 lux. 

Depending on the light condition in the open - determined 
by the topographical and geographical place, the time, the weather, 
the nebulosity, the clouds, the season etc. and on the light conditions 
in the forest stand (that are, in addition to the cause ab-eady 
enumerated, now morc specifically determined by the forest 
stand) the following situations are possible wilhin the above 
mentioned requirements. 

1. The light intensities respectively above and below the canopy 
are below 1000 lux. 

E ho .:( 1000 lux. 
Eo .:( 1000 lux. 

In this case the two photo-cells need no neutral density filter. 

The relative light intensity which is read (Era) is equal to the 
real relative light intensity (Er) : 

Er = Era = Eo X 100 
Ebo 

(6) 

2. The light intensity in the open is more than 1000 lux and the 
one below the canopy is less than 1000 lux. 

Ebo > 1000 lux. 
Eo .:( 1000 lux. 
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As said the photo-cell in the open needs a neutral density 
filter of a certain value (FbO in percent transmittance). 

The reduced light intensity above the canopy is to be indicated 
as: 

(7) 

The condition (5) becomes: 

(8) 

Now the read relative light intensity (Era) is no longer identical 
to the real relative value (Er) : 

Eo X 100 1 
Era = = Er X (9) 

Ebo X FbO Fbo 

Hence it appears: 

(10) 

Because F b is given in percent values, the expression (10) can 
be written as follows: The real relative light intensity is fraction
part of the read value. 

3. The light intensity in the open as well as the one in the fotest 
stand is greater than the limit value. Both photo-cells require 
tRe use of neutral filters with values respectively as F bo and F 0 

Ebo > 1000 lux 
Eo > 1000 lux 

a) If the densities FbO and Fo are different, than the relative light 
intensity is equal to : 

(11 ) 

b) If the used filters are identical, their proportion is one and the 
real relative light intensity is equal to the read value. 
It is evident that this third case is the most common for relative 

measurements in forest stands. 
The advantage of using neutral filters with different values of 

percent transmittance, resides in the fact that indirectly the 
reading possibilities on limited scales become enlarged. The follow
ing numerical example will well illustrate this: 

Ebo = 100.000 lux and Eo = 1500 lux. 
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0 

1 
Fbo = 106 Fo 

Thus the read relative value is : 

Era = 15 % 

The real value: 

1 100 
15 X 100 X 10 

3.3. Reading-Scale 

10 
100 

1,5 % 

On photo 1, showing the operationaJ part of the apparatus, 
two reading scales are to be seen : The A-scale going from 100 to 
8 percen t transmittance and a B-scale from 8 to 5 percent trans
mittance. This double scaJe was necessary because of the possi
bilities a£ the material used in the construction of the apparatus. 
In the same way it was impossible to exceed the limit value of 
5 percent. 
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Photo 1. The operational part of the relative light intensity meter with compen
sating circuit. 
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.As mentioned above (3 .2) the correct use of neutral filters 
with difIi rent vaIu can help to eliminate this deficiency. Because 
of the environment where the measurements were done, the photo
cells normally always need density filters, so that the filter-obliga
tion is not a disadvantage. The most sensitive part of the scale is 
the lowest percent transmittance values. 

Between 80 and 100 percent there is less sensitiveness, but 
considering the set purpose of measurements this is not so desired. 

The difference in sensitiveness is obvious when looking at the 
curve of the scale calibration (fig. 3). 

4. The practical use of the apparatus in a forest stand 

Without reckoning the possibility of some raised objections 
as spectral sensitiveness of the photo-cells, the change of the 
spectrum after light-transmission through the leaves etc., some 
measurements were done with the apparatus in the experimental 
forest of the Department of Silviculture of Ghent at Gontrode. 

On four places chosen at random, distinguished by a different 
size of the light-transmission level of the canopy, relative light 
measurements at the ground level were read every five minutes 
during the period of one hour. 

The weather was very good for the intended measurements: 
sunny without clouds and very stationary. 

The period of measurement was restricted mainly about noon. 

The results are noticed in table 1. 

For small samples (usually less than 30 observations) and for 
a probability of P = 0.05 or P = 0.01, on each place of measure
ment the value of the mean x will be between ± S' 

and 
where S' = IN S' Standard deviation of a mean 

S Standard deviation 
N - Number in sample. 

t the value of Fischer for n degrees of freedom (n = N - 1) 
and the probability levels P = 0.05 or P = 0.01 

A statement of the fiducial limits is given in table 2. 

As will be seen, the obtained intervals were satisfactory. 
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TABLE I 

A survey of the relative light intensity in percent transtnittance on different m.om.ents and for different places, their :mean 
value and the standard deviation on each place. 

The relative light intensity in % on successive moments with an interval of 5 min. 
Mean values and 

o m I 5 m 1 10 m 1 15 m 120 m / 25 m 130 m 135 m / 40 m 145 m 150 m 155 m 160 m 

Standard deviation 

Place 

I 4 6.5 8.0 7.3 6.1 7.7 8.2 8.8 8.3 7.9 8.2 7.8 7.9 7.5 7.7 ± 0.7 
----------------------

H 9 2.3 2.2 2.5 2.4 1.8 2.8 2.7 2.7 2.2 2.1 1.9 1.8 1.7 2.2 ± 0.4 
-- - - --- - --- - ---------- -

R 14 1.3 0.7 0.7 1.4 0.7 0.9 1.0 0.9 1.1 1.5 1.0 0.8 1.1 1.0 ± 0.3 
----------------------f-

A 19 13.0 12.5 13.0 13.5 11.0 11.5 16.0 10.5 14.5 11.5 11.5 11.5 11.2 12.4 ± 1.6 

---



TABLE 2 

The fiduciallhnits for different probabilities on different places 

Fiducial limits for the different probability (P) 

Place 

I P = 0.05 P = 0,01 

I 4 7.7 ± 0.4 7.7 ± 0.6 

H 9 2.2 ± 0.2 2.2 ± 0.3 

R 14 1.0 ± 0.2 1.0 ± 0.2 

A 19 12.4 ± 1.0 12.4 ± 1.4 

Other posItive considerations about the use of the relative 
light instrument may be summed up : 

- Once the absolute light intensity above and below the canopy 
is approximately known, the right filters can be chosen. These 
absolute light measurements can be done grosso modo with 
the same apparatus. " 

- After the emplacement of the right filters on the photo-cells, 
the measurements can start in a quick tempo without difficulties. 

- If it is prefered to move the photo-cell in the forest stand, 
someone may displace it, while the operator remains at the 
apparatus. 

5. Conclusion 

As it appears, it is possible to construct an apparatus for relative 
light intensity measurements, based on the principle of reduced 
currents in a compensating circuit. 

Most difficulties arise from the potentiometer-calibration in 
percent transmittance values. 

The correct use of the right "filters allows an enlargement of 
the reading scale. 

Direct and very good readings were made by right measure
ment conditions. This can also be said for routine measurements. 

The apparatus lent itself particularly well to the making up 
of lightmaps and in general to the characterization of light condi
tions in forest stands. 
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SUMMARY 

An apparatus for the instantaneous measurement of the relative iight 
intensity was consb·ucted by Brech Le] (1962). An analogical apparatus was 
built, [l·om the same point of view, but on another principle. Namely two sele
nium photo-cells, connecLed in opposition, produce anti-currenlS in a closed 
circuit. The differential current is compensated or reduced to zero by a lineal' 
potentiometer. 

The position of this potcntiometer can be related to a value for the relative 
ratio between the light intensity above and below the forest canopy. The 
neutral density filters, which are nccessary for U1C used photo-cells, can enlarge 
the reading scale, if they are chosen judiciously. 

Some positive measurements were done in a forest stand. Generally the 
appaj·atlls will giv good results and will be easily used for the characterization 
of light condiLion ill forest stands. 
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SAMENV ATTING 

Een toestel voor de onmiddellijke meting van de relatieve 
verlichtingssterkte onder het kronenscherm 

Reds door Bl'ccht I (1962) wCI'd cen loeslel v l'vaardigd wa,al'mecie 
rcehlstl'ce.kse aflezingcll van de rcJatievc verJichlingssterkle in bosbestanclcn 
moge'lijk zijn. Uilgaandc van clezelJde bctrachLingcn werd een gcljjkaardig 
toestcl gebouwd, gebaseerd op het voJgende pdnciepe : twec fotoselenillm ccllen, 
tegengesleld geschakcld, levCJ'en tegenSll'omen wclkc door mjddcl van een 
lineair potentiornetel' gekompens erd worden of g rcduccCl'd worden tol nul. 
De posilie van de potenliomelcr is een maat voor de rel.alievc verhoud.ing van de 
verlichtingsstcrkten rcspectievciijk boven ell onder het seherm. Dc noodzakelijke 
neutrale densireilSfillers VOOI' dc fotocclJen kllnnen, indicn oordeelkundig gc
kozen, cl' alic mogclijkheelcn op de r laticv schaal vergrotcn. 

Richtinggevende metingen werden met het toeste! doorgevoerd. Algemeen 
gezien zal het toeste! grote diensten bewijzen bij de karakterisatie van licht
toestanden in bossen. 

RESUME 

Un appareil pour mesurer I'eclairement relatif instantane en foret 

Brec hLel (1962) construisit un apparcil pour mesurCl' 1'c!c1airernent 
relatif illStantane en foret. En visant le meme but un appal'cil plus ou moins 
analogue fut construit sclon .le pl'incipc suivallt : deux ceHules photoelectriques 
montces en scns oppose, pl'oduisent done dc.~ contre-coul'ants. L e COlU'3.nt 
diff(:rcnticl t compcnsc all I'cduit a zero pal' un potcntiometre lincairc. 

La position du potentiometre indique la difference de I'intensite de la 
lumiere au-dessus et au-dessous des cimes c.a.d. l'eclairement relatif. 

Les fill.rcs d' une densitc n(:uu'ale, n6ces.~ail'e it cause elu milieu de mesurc 
donnent aussi l'avantage, s'il sont bien choisis, d'elargir I cchellc relative: 
Des lllesul'CS d'ori ntation faites av c l'appareil, demontl'cnt qu'en gen Iral 
cette construction sera bien utilisabL pour cal'actCriser l'(:claircment en [orat. 
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