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Solar energy is the driving force for essentially all 
processes occurring in ecosystems, forests included. 
The canopy of trees controls abiotic as well as biotic 
energy flows in forest ecosystems, and consequently, 
the emergence, survival, and growth of plants in 
the understorey (e.g. Dobrowolska 2008; Val-
ladares, Niinemets 2008; Barna et al. 2009; 
Bílek et al. 2009; Wagner et al. 2009). Determining 
light conditions in the forest understorey provides 
important information about growth conditions 

for plants growing in this environment (Jarčuška 
2008).

The evaluation of a light regime in the forest en-
vironment by direct measurement is time and cost 
demanding – due to considerable time and spatial 
variability of this environmental factor. For this 
reason, many indirect methods have been devel-
oped for determining the amount of solar radiation 
accessible in the understorey through assessing the 
crown layer structure of the stand, such as e.g. the 
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moosehorn, spherical densitometer, canopy scope 
– for details see Jennings et al. (1999) and Brown 
et al. (2000). One of them is the method for evalua-
tion of photos taken using 180° fish-eye lenses.

Recently, numerous software packages (commercial 
as well as freeware programmes) were developed that 
were consequently used in a broad range of applica-
tions (Jarčuška 2008). For comparability it is essential 
that two systems give equivalent results. There is only 
scarce information in literature about the comparison 
of different software (Hemiphot vs. Pamap GIS in 
Frazer et al. 1997). Therefore, our aim was to compare 
canopy characteristics and below-canopy light condi-
tions obtained by the analysis of hemispherical photos. 
The comparison was made between the freeware Gap 
Light Analyser (GLA) 2.0 (Frazer et al. 1999; used 
e.g. in Špulák 2008; Szwagrzyk, Szewczyk 2008; 
Glončák 2009) and the commercial software pack-
age WinScanopy 2006b (Régent Instruments, Canada; 
e.g. in Rozenbergar et al. 2007; Szymura et al. 2007; 
Petritan et al. 2009).

MAteriALS And MethodS

The photos were taken in two localities (perma-
nent research plots) situated in Central Slovakia, the 
Western Carpathians Mts.: (i) in European beech 
(Fagus sylvatica [L.]) stands in the Badín primeval 
forest (48°41'N, 19°03'E; 750 m a.s.l.) in the Krem-
nické vrchy Mts. and (ii) in Norway spruce (Picea 
abies [L.] Karst.) stands under the upper forest line 
in the mountain massive Prašivá (48°52'N, 19°18'E; 
1,300 m a.s.l.) in the Nízke Tatry Mts. The beech pri-
meval forest (394 trees.ha–1, 794 m3.ha–1, 42.3 m2.ha–1  
of stems with > 7 cm dbh) has a multi-layered struc-
ture with rather low light transmittance. The photos 
were taken in July 2008, on a permanent research 
plot (PRP) 200 × 250 m in size, at knots of a grid 
25 × 25 m covering the plot. We made 99 images 
from which we chose 20 in such a way as to obtain 
a uniform cover for the entire light gradient on the 
PRP. The studied spruce forest has a mostly mono-
layered structure and an open canopy typical of 
high-montane and subalpine Norway spruce forests 

(650 trees.ha–1, 314 m3.ha–1, 33.5 m2.ha–1 of stems 
with > 7 cm dbh). This locality was provided with a 
regular grid of 30 circular sample plots, each having 
an area of 400 m2, spaced by 70 m. In August 2008 we 
took images at the centre of each sample plot. Four of 
them were excluded from our analysis, due to lacking 
a sharp contrast between the sky and the foliage. 

Hemispherical photos were taken under com-
pletely overcast sky conditions (Badín) and when 
the sun was under the skyline (Prašivá) in order 
to minimize glare from direct sunlight. We used a 
Nikon P5000 digital camera and Nikon FC-E8 fish-
eye lens converter with 183° view angle from Régent 
WinScanopy accessories. The camera was installed 
at a height of 1.3 m on a self-levelling mount. The 
aperture width and shutter speed were adjusted 
automatically. Photographs were underexposed (by 
0.7 EOV) to ensure the contrast between sky and 
canopy. For basic characteristics of the analyzed 
series of images see Table 1. 

Pixel classification into canopy and sky (thresh-
olding) is a critical operation in the analysis of 
hemispherical images. Accurate segmentation is 
of extreme importance, because the outcome of 
this step will have a significant influence on all 
subsequent processing (Jonckheere et al. 2005). 
This classification provides input data for the sub-
sequent canopy analysis. To avoid subjectivity due 
to manual thresholding, the threshold value was 
set automatically. In the programme WinScanopy 
we used pixel classification based on grey scale 
(so called global threshold). As the freeware GLA 
does not allow to classify the pixels automatically, 
the threshold value for image analysis with this 
software was determined with the aid of shareware 
SideLook 1.1 (Nobis 2005; Nobis, Hunziker 
2005) using all the offered colour channels (blue, 
green, red and grey, respectively). Values of user-
supplied input variables (see Frazer et al. 1999; 
Anonymous 2007) were set the same for both 
programmes. To remove the influence of different 
threshold values (see the results) on output values 
provided by the two compared programmes, hemi-
spherical photos in the programme GLA were also 

Table 1. Basic statistical characteristics of the analyzed series of photos (relative total transmittance – outputs from the 
WinScanopy analysis)

Locality Mean SD Median Min. Max. n

Badín   5.80   3.26   4.82 1.44 12.38 20

Prašivá 18.21 13.76 13.36 3.52 56.41 26

SD – standard deviation
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analyzed based on threshold values determined 
with the aid of the WinScanopy.

The relations between output results from the 
two compared programmes were tested through 
Pearson’s correlation and through linear regression. 
We tested the following parameters: canopy open-
ness (%), leaf area index (m2.m–2; LAI 5 Ring in GLA 
compared to LAI 2000 Lin in WinScanopy) and rela-
tive amount of direct, relative amount of diffuse and 
relative amount of total light (% Trans Direct, Dif-
fuse and Total in GLA compared to Direct, Indirect 
and Total Site Factor in WinScanopy, respectively). 
Standard t-tests were applied to find out whether the 
slopes and intercepts of the regression lines differed 
significantly from unity and zero, respectively. All 
statistical analyses were done at the 5% probability 
level, using Statistica 6.0 (StatSoft, USA).

reSULtS And diSCUSSion 

The threshold values determined by the SideLook 
programme using the offered colour channels were 
lower (underestimated) in comparison with the 
threshold values calculated by the WinScanopy 
(Fig. 1). In the beech forest, threshold values calcu-
lated with the green channel were the closest to the 
line y = x, in the spruce forest (mostly) it was the blue 
channel. However, the t-test showed that the slopes 
of these regression lines did not differ significantly 
from unity and their intercepts did not differ sig-

nificantly from zero (from the 1:1 relationship). The 
absorption of leafy material is the highest and sky 
scattering is the lowest in the blue channel, so using 
this channel we can obtain a higher contrast between 
the tree crowns and the background compared to 
the other ones (Lee et al. 1983; Nobis, Hunziker 
2005). However, Frazer et al. (2001) suggested that 
the digital system was more sensitive to sky condi-
tions than the film system and that no single colour 
plane seemed to be able to improve the contrast 
between the sky and the canopy elements, in addi-
tion, digital photos were extremely difficult to the set 
the threshold. Therefore the digital system produces 
less replicable results compared to the film system 
(Frazer et al. 2001).

Regression equations were calculated for the rela-
tive amount of total (TOT), diffuse (DIF) and direct 
(DIR) radiation transmitted through the crown 
canopy, for canopy openness (CO) and for leaf area 
index (LAI) (Table 2). In contrast to the varying raw 
threshold values, a strong positive correlation was 
identified between GLA and WinScanopy in all vari-
ables (R2 ranges from 0.814 to 0.999) and all regres-
sions were found significant (at P < 0.05). The images 
taken in the beech forest (Badín) and analyzed by the 
two programmes using the same threshold values 
showed insignificant differences between the regres-
sion line slope and unity and between the intercept 
and zero for TOT, DIR and CO. The differences in 
DIF and LAI were found significant (Table 2), in spite 

Fig. 1. Scatter plots of the automatically generated thresholds obtained with the SideLook programme (blue (), green (), 
red (◊) and gray (∆)) channel; open symbols are for beech forest, solid symbols for spruce forest in relation to the threshold 
values obtained by the WinScanopy programme. The calculated regression lines (not shown) (all statistically significant at 
P < 0.05) had intercepts not significantly different from zero and slopes not significantly different from unity
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of rather small average differences in these variables 
(0.251 ± 0.045% and 0.072 ± 0.011 m2.m–2 for DIF and 
LAI, respectively; mean ± standard error (SE); Ta- 
ble 3). Neither did the values of  TOT, DIR and LAI 
obtained for images classified with the threshold val-
ues obtained by SideLook with green channel (Table 
2) and TOT, DIR with grey channel (data not shown) 
differ significantly from the 1:1 relationship.

In the case of hemispherical photos of the spruce 
forest (Prašivá) analyzed by the two programmes 
using the same threshold values, only the values of 
DIR and LAI did not differ significantly from the  
1:1 relationship. The slopes of the other compared 
(GLA + SideLook vs. WinScanopy) characteristics 
(except of LAI – due to the logarithmic relationship 
between CO and LAI) did not differ significantly 
from unity, on the other hand, the values of intercepts 
differed from zero significantly (Table 2). The larg-
est average difference was obtained comparing the 
outputs of DIF from GLA + SideLook (green chan-
nel) and WinScanopy – 3.820 ± 0.225% (mean ± SE;  
Table 3).

With the same threshold value, we also expected 
the CO output values to be independent of the ana-
lyzing software for images of the spruce forest. The 
observed differences could be due to the fact that the 
programme WinScanopy analyzed the photos with a 
by-default-set calibration of the used pair of camera-

lens (view angle and lens distortion; Anonymous 
2007); however GLA worked with an entire 183° field 
of view and a polar-projection distortion of the used 
fish-eye converter (FC-E8 was designed to produce 
this type of projection; on the other hand, Frazer et 
al. [2001] showed that this lens did not conform to 
its design specifications). The result of the study of 
Inoue et al. (2004a) manifested that the calibrated 
estimate of canopy openness was comparatively low 
(0.344%) but significantly higher than the uncali-
brated value (also for FC-E8). The authors next found 
that the calibration effect would be different among 
light environment estimates – the differences are 
getting larger and more frequent with the increas-
ing presence of gaps in the canopy layer. If we had 
calibrated the view angle and lens distortion (for the 
used converter) for GLA, the difference in the output 
values between the compared software packages 
would have been larger than the  results we obtained, 
especially for the images from the spruce forest with 
a broader light gradient. The presented differences 
between GLA and WinScanopy are likely due to an 
extra user-error associated with (GLA) image regis-
tration techniques (there is more human control in 
GLA than in WinScanopy) as well as due to the dif-
ferences in the theoretical background and models 
used in the two programmes themselves. Inadequate 
image registration techniques may account for a 

Table 3. Average values of absolute differences (standard error in brackets) obtained by comparing the results of the 
analysis of hemispherical images from beech forest (Badín) and spruce forest (Prašivá). The results obtained using GLA 
are compared with the results obtained by WinScanopy software package

Mean  Δ between GLA and WinScanopy

Threshold for GLA from: WinScanopy SideLook – blue channel SideLook – green channel

Beech forest

TOT 0.548 (0.144) 2.475 (0.329) 1.196 (0.225)

DIF 0.251 (0.045) 2.565 (0.200) 1.119 (0.134)

DIR 0.608 (0.157) 2.408 (0.369) 1.169 (0.247)

CO 0.189 (0.020) 1.724 (0.121) 0.776 (0.080)

LAI 0.072 (0.011) 0.458 (0.036) 0.235 (0.029)

Spruce forest 

TOT 0.738 (0.104) 3.099 (0.310) 3.593 (0.303)

DIF 0.443 (0.065) 3.261 (0.215) 3.820 (0.225)

DIR 0.741 (0.118) 2.987 (0.331) 3.471 (0.317)

CO 0.322 (0.049) 2.464 (0.172) 2.895 (0.179)

LAI 0.038 (0.006) 0.276 (0.030) 0.319 (0.032)

TOT – total, DIF – diffuse, DIR – direct transmitted radiation, CO – canopy openness, LAI – leaf area index
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significant portion of the analytical error introduced 
during hemispherical image processing (Frazer et 
al. 1997). We did not succeed in separating the three 
error sources, so further study is necessary. Because 
no direct measurements of the discussed character-
istics were made, we cannot declare which of the two 
methods is more reliable.

The prerequisites for comparing the results of 
different studies analyzing hemispherical images 
are careful observation and precise description of 
the proposed methodical approaches (Hale, Ed-
wards 2002). This method of indirect determina-
tion of light conditions is loaded with a possibility 
of errors at each step, beginning with scanning up 
to the processing of the results (Hale, Edwards 
2002; Jonckheere et al. 2004). Apart from the 
camera exposure setting (see Zhang et al. 2005), 
the results are also influenced by the camera type 
and the image size (Inoue et al. 2004b). Automatic 
image pixel segmentation is more objective than 
the interactive (manual) application of a visually se-
lected threshold for the whole image (Jonckheere 
et al. 2005); on the other hand, the algorithms used 
for determining threshold values in the compared 
applications need not bring the same outputs (see 
Fig. 1 and Table 2).

ConCLUSion 

Our results show that the outputs obtained by 
applying two different programmes for the hemi-
spherical image analysis (GLA and WinScanopy) 
were not identical in the case of all compared 
characteristics of accessible light and in the case of 
crown layer structure in spite of the fact that the 
analyzed photos were taken by the same method 
(simulated by using the same photos in compared 
software applications). We can see that the dis-
cussed outputs are influenced most dramatically 
by the threshold values set for pixel classification. 
After the influence of different threshold values 
had been eliminated, the differences between the 
compared output values turned out quite small. 
Nevertheless, they remained still significant in 
some characteristics. The differences between 
the compared characteristics can be explained 
by different calibration of the used camera-lens 
pair (view angle and lens distortion of the fish-eye 
converter), different image registration techniques 
and different theoretical background and models in 
the two different packages. These results have also 
confirmed that it is required to use the strict (and 
standardized) protocol across the whole process, 
beginning with sampling up to the image processing 

and evaluation. Therefore, it is essential to be aware 
of possible differences when comparing the outputs 
from two different software packages used for the 
analysis of images obtained according to the same 
methodical approach.
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