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ABSTRACT

Since the publication of the standard sky luminance distributions (SSLD) that was
consolidated in the ISO 15469:2004(E)/CIE S 011/E:2003, numerous procedures have
emerged for the characterization of the sky condition according to that standard.
Precisely, the use of different procedures for the classification of the skies of a certain
place according to the ISO/CIE standard can lead to obtain different frequencies of sky
types. The existing uncertainties in the characterization of the sky condition according to
the CIE Standard General Sky as a consequence of the classification procedure used are
analyzed in this study. For this, three different classification procedures are used to
characterize the sky radiance and luminance distribution measurements made by means
of a sky-scanner in Pamplona (Spain) from 2007 to 2013. That is, (1) a method focused
on determining the relative gradation and indicatrix functions, (2) a method based on the
comparison of measured and standard luminances normalized against the horizontal
diffuse illuminance, and (3) a new high-spatial-resolution approach that compares
measured and standard luminances relative to zenith. In general terms, it is concluded that
there is some uncertainty in the classification depending on the procedure used to

characterize the sky.
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bands in which the sky patches are distributed.

horizontal diffuse illuminance.

horizontal diffuse illuminance coming from sky patch p.

indicatrix function.

gradation function.

horizontal extraterrestrial illuminance.

average horizontal extraterrestrial illuminance.

correction factor.

geometric factor.

geometric factor of sky patch p.

global horizontal illuminance.

average global horizontal illuminance.

luminance of any sky point with coordinates (Z, y).

luminance relative to zenith of any sky point with coordinates (Z,y).
measured luminance of a sky patch.

measured luminance relative to zenith of a sky patch.

luminance of a sky patch corresponding to a standard sky.
luminance relative to zenith of a sky patch corresponding to a standard sky.
normalized measured luminance of a sky patch.

normalized luminance of a sky patch corresponding to a standard sky.
zenith luminance.

number of points considered in each almucantar.

total number of sky patches.

number of patches in each band.

sky patch.

distance between a pixel and the center of the image.

summation of the F; corresponding to the patches considered in each scan.
zenith angle of a sky point.

zenith angle of the sun.

angle of elevation of a sky point above the horizon.

angle of elevation of the sun above the horizon.

azimuth angle of a sky point measured from the south.

azimuth angle of the sun measured from the south.

angle between the sun and a sky point.
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ABBREVIATION

CIE International Commission on Illumination.
FOV field of view.

IDMP International Daylight Measurement Program.
IDW inverse distance weighting.

NL method of normalized luminances.

RGI method of relative gradation and indicatrix.
RMSD root-mean-square deviation.

RZL method of relative zenith luminances.

SSLD standard sky luminance distributions.

1. INTRODUCTION

Overcast or clear skies have characteristics that can easily be modeled, which means that
the first models of angular distribution of radiance and luminance in the sky vault were
dedicated to a single sky type. This is the case of the Moon and Spencer (1942) model for
overcast skies and the Kittler (1965) model for clear skies that resulted in two standards
adopted by the International Commission on Illumination (CIE) (CIE, 1955, 1973,
respectively). In addition, the fact that they are of interest for certain purposes has made
them popular in engineering applications. However, clear and overcast skies represent
only the extremes of a wide range of variability of the real skies. In order to deal with this
reality, a second type of angular distribution models for all sky conditions emerged,
including the models developed by Perraudeau (1988), Matsuura and Iwata (1990), Perez
et al. (1990), Brunger and Hooper (1993), Perez et al. (1993), Igawa et al. (2004) and
Igawa (2014). For their part, Kittler et al. (1998, 1997) proposed a set of 15 sky standards
whose luminance distributions, called standard sky luminance distributions (SSLD), were
described in the SSLD catalog. This proposal was consolidated in 2004 with the CIE
Standard General Sky (ISO 15469:2004(E)/CIE S 011/E:2003, 2004) that incorporated

the existing CIE standard skies.
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Though the CIE Standard General Sky was published in 2004, several authors had
proposed before 2004 different methodologies for the characterization of the sky
according to the sky standards described by Kittler et al. (1997,1998). Some of these
methodologies are described in the following subsections. In fact, the sky type
characterization has been discussed since the publication of the SSLD catalog. In this
sense, numerous procedures aimed at this purpose can be found in the scientific literature
that, in a general way, can be grouped into three families of widely used methods:

e Lz/Dv ratio method.

e Normalized luminances method.

e Relative gradation and indicatrix method.

A literature review of the three families of methods is presented in the following
sections. Though, regardless of the methods included in each of these three families, there
are other methodologies as the one proposed by Markou et al. (2007). This method was
used for the classification of sky luminance distributions provided by a sky-scanner in
Garston (south England). The classification was carried out through a multivariate
statistical procedure that chains a factor analysis and a cluster analysis. For the
interpretation of the groupings between the individuals in the experimental sample, the
underlying physical processes through the gradation and indicatrix functions were
considered. The authors pointed out that, by applying this procedure, the sky
classification observed in the three main categories of sky conditions (clear, overcast and

intermediate skies) was quite similar to that achieved by the Lz/Dv ratio method.

1.1. Method of the Lz/Dv ratio
In the research of Kittler et al. (1997,1998), in which a set of standard skies was
defined, the possibility of determining the standard sky types was offered by means of a

family of 15 curves, one for each standard sky, parameterized according to the ratio of
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the the zenith luminance (Lz) to the horizontal diffuse illuminance (Dv). For this reason,
this procedure is known by some authors as the SSLD method. When characterizing a
certain sky, it is necessary to calculate the Lz/Dv ratio at that specific time and to identify
the closest curve to the calculated value from the set of the 15 standard curves. This
method was used by Bartzokas et al. (2003) for the characterization of the skies of Central
Europe and the Mediterranean in winter, specifically in the cities of Bratislava (Slovakia)
and Athens (Greece). It was also used by Markou et al. (2005) for the classification of
skies over Sheffield (Central England) during winter and in Mukherjee (2014) for the
classification of skies over Delhi (India) during winter and summer seasons from
illuminance measurements made at Central Building Research Institute (Roorkee, India)
under the International Daylight Measurement Program (IDMP) station and modeled
zenith luminance. The method of the Lz/Dv ratio was also recommended by the CIE
Standard General Sky Guide (CIE, 2014), which also included two proposals for the
calculation of gradation and indicatrix functions from scanned data.

As numerous studies have pointed out, this method presents an important
disadvantage since, from a solar elevation of 37° upwards, the Lz/Dv curves converge,
thus making it difficult to discriminate the standard sky corresponding to the moment
under analysis. In order to overcome this drawback, Bartzokas et al. (2005) proposed a
modification of the SSLD method that allows to distinguish standard skies for higher
solar elevations. The skies of Bratislava and Athens were again classified using the same
database as in the work of Bartzokas et al. (2003). In cases of overlap between the Lz/Dv
curves, an observation can be classified in more than one sky standards; then the ratio of
global horizontal illuminance (Gv) to horizontal extraterrestrial illuminance (Ev) for the
specific observation is further compared with the average ratios (Gv/Ev) estimated from

all observations at the same solar altitude for a particular standard sky. The observation
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is then classified in that standard sky for which the value of Gv/Ev is the nearest to the
Gv/Ev value.

Li and Tang (2008) presented a classification of the Hong Kong skies from sky
luminance measurements using three sky classification procedures: (1) the method
proposed by Li et al. (2003), described in Subsection 1.2, (2) the modification of the
SSLD method described by Bartzokas et al. (2005), and (3) a new variation of the SSLD
method for low latitudes such as those that can be found in the location of the Li and
Tang’s study. In this last approach there was proposed the use of a hybrid daylight
variable consisting of the pair Lz/Dv - Gv/Ev, already suggested by Kittler and Darula
(2002), to discriminate among the three typical sky conditions (overcast, partly cloudy
and clear). The use of the ratios Lz/Dv and Dv/Ev was proposed to distinguish between
the five overcast ISO/CIE sky types. Regarding the types corresponding to partly cloudy
conditions, the luminous turbidity proposed by Kittler et al. (1998) was used except for
the sky standard type 6 that was discriminated by the absence of direct-beam solar
illuminance. The same daylight variables were used to categorize the five clear standard

skies.

1.2. Method of the normalized luminances

A procedure for sky classification according to the sky standards proposed by Kittler
et al. (1997,1998) can be found in a study by Tregenza (1999). In this procedure, the
luminances measured at a sky patch by a sky-scanner were normalized against Dv
obtained from the integration of the luminances of all sky patches over the whole sky
vault. Secondly, the luminances corresponding to the center of each patch were calculated
and normalized against Dv for each of the 15 standard types. Finally, the root-mean-

square deviation (RMSD) was computed between the measured and -calculated
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luminances corresponding to each standard sky and the standard sky exhibiting the lowest
RMSD was selected.

Tregenza (2004) proposed a variation to his previous method (Tregenza, 1999) that
affects the calculated luminance assigned to each sky patch. Instead of assigning the value
corresponding to the center of the patch, the average value of those calculated at its four
vertices was assigned. As in the original procedure, the standard type is selected whose
distribution is better adjusted to the normalized measured distribution by calculating the
RMSD. The last method was used, among others, for determining standard skies for Hong
Kong (Ng et al., 2007) and for the classification of skies in Pamplona (Spain) during the
summer (Torres et al., 2010a) and winter (Torres et al., 2010b) periods. This method was
also used by Torres et al. (2014) for the classification of skies in Pamplona and
Arcavacata di Rende (Italy) with the aim of generating synthetic standard sky types series
using Markov transition matrices.

In line with Tregenza (1999), Li et al. (2003) conducted a classification of the 15 sky
luminance patterns in Hong Kong from luminance measurements. Again, the luminance
distributions corresponding to the 15 standard types were compared with the measured
luminance values. However, in this case the sky luminance distributions were normalized
by the normalization ratio proposed by Littlefair (1994a, 1994b). This parameter, which
is calculated for each standard sky type, results from the ratio of the integration of the
measured absolute luminances to the integration of the modeled luminances
corresponding to the standard. The sky type is selected considering the RMSD between
the measured and modeled luminances. Suarez-Garcia et al. (2018) used two methods of
normalized luminances described for the characterization of the skies at Burgos (Spain):
the Tregenza (2004) method and that of Li et al. (2003). Both procedures were compared

observing a good agreement between them.
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1.3.Method of the relative gradation and indicatrix

Wittkopf and Soon (2007) compared three procedures for the analysis of the
luminance distribution in the sky vault of Singapore. The selected procedures were (1)
the SSLD method, (2) the procedure of Tregenza (1999, 2004) and (3) a method based
on the determination of the relative gradation and indicatrix functions from sky luminance
measurements. Specifically, within the third method, the determination of the indicatrix
function was based on the proposals by Kittler et al. (1992) and Kittler (1993). The
procedure has a series of limitations when the solar elevation is below 45° so a
modification was proposed.

Kobav et al. (2012) characterized the skies of Lyon (France) from luminance angular
distribution data measured at their IDMP station. As in the previous method, the
classification procedure involved the determination of the gradation group and the
relative indicatrix group, separately. The standard sky type was obtained by combining
both functions. The combination of the six possible groups of gradation with the six
possible groups of indicatrix results in 36 sky types. However, only 15 of them are
considered standards by ISO/CIE. Therefore, a proposal was included (in the form of a
table) for the assignment of non-standardized gradation and indicatrix group
combinations to standard sky types.

According to this review, it can be appreciated that the use of different procedures for
the sky classification in a certain location considering the ISO/CIE standard can lead to
obtaining different frequencies of sky types. In the present paper, the existing
uncertainties in the characterization of the sky condition according to the CIE Standard
General Sky as a consequence of the applied classification procedure are analyzed. For
this, the classifications obtained by applying three procedures with a different approach

are compared. Although the definition of the ISO/CIE standard skies are based solely on
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photometric variables the possibility of classifying skies from radiance instead of
luminance is also studied. To this end it has been analyzed to what extent the classification
obtained considering the luminance fits to that obtained by radiance. Likewise, obtained
differences in the sky type when classifying the two parts of the sky separated by the solar
meridian are compared.

The structure of this paper is as follows: the CIE Standard General Sky is described
in Section 2. The meteorological data used in this study, the measurement equipment used
to obtain the data and the quality-control procedures applied are detailed in Section 3.
Section 4 describes the three different procedures applied to determine the CIE Standard
General Sky type. In Section 5, the results obtained after the sky classification are
presented and analyzed. That is, the comparison between the ISO/CIE standard sky types
obtained from luminance and radiance measurements (Section 5.1), the comparison
between the sky types obtained by each of the three procedures described (Section 5.2)
and the analysis of the sky classification symmetry (Section 5.3). A revised proposal for
allocating the non-standardized combinations of indicatrix and gradation functions to the
ISO/CIE standard types is analysed in Section 5.4. The conclusions obtained are detailed

in Section 6.

2. CIE STANDARD GENERAL SKY
According to the ISO 15469:2004(E)/CIE S 011/E:2003 (2004), the luminance relative
to zenith at a given point in the sky vault, [(Z,y), is given by the Equation (1).

L(Z,y) _ -9
Ly f(Zs)-g(0)’

1(Z,y) = 6]

where L(Z,y) is the luminance of any sky point given its zenith angle (Z) and azimuth
(y), f is the indicatrix function, g is the gradation function, Zs is the solar zenith angle

and y is the angular distance between the sun and a sky vault point.
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The indicatrix function, f(x), in Equation (2) expresses the relationship between the
luminance at a sky point with an angular distance from the sun () and that at the point
where y is equal to 90°. The indicatrix function is related to the scattering of solar radiation
as it passes through the atmosphere.

() =1+ c[exp(dy) — exp(dm/2)] — e cos? y. 2)

The gradation function, g(Z), which obeys to the Equation (3), characterizes the
luminance variation from the zenith (Z = 0) to the horizon (Z = 909).

9g(Z) =1+ aexp(b/cosZ). 3)

The relative gradation function is obtained by means of the quotient of the gradation
corresponding to a given zenith angle, g(Z), to the one corresponding to zenith, g(0), as
described by Equation (4).

9(2) _1+a exp(b/cosZ)
g(0) 1+ a exp(b)

“

Coefficients (a, b, c, d, e) included in Equations (2) and (3) depend on the standard
sky type (see Table I). The ISO/CIE standard defines six groups of coefficients (a, b) and
six groups of coefficients (c, d, e) that correspond to the same number of gradation and
indicatrix groups, represented in Figure 1. Consequently, in order to calculate the angular
distribution of relative luminance in the sky vault at any given moment by applying

Equation (1), it is necessary to know first the type of sky at that moment.

a) b) 20

Relative gradation g(2)/g(0)
Relative indicatrix f(x)

2
2l
0.5 \ ]

1 X -

| | | | | | | |
0 10 20 30 40 50 60 70 80 90
Zenith angle Z (deg)

| . . . . . . .
0 20 40 60 80 100 120 140 160 180
Scattering angle y (deg)

Figure 1. Standard gradation profiles (a) and standard indicatrix profiles (b).
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Table I. CIE Standard General Sky parameters (ISO 15469:2004(E)/CIE S 011/E:2003, 2004).

Type Gradation Indicatrix a b c d e Description of luminance distribution
group group

| I 1 40 -07 00 -1.0 0.0 Overcgst CI.E Standarq Overcast Sky, steep gradation
and with azimuthal uniformity.

’ I ’ 40 -07 20 -15 015 Overcast, with steep gradation and slight brightening
towards the sun.

3 I 1 11 -08 00 -10 00 Ov_ercas.t, moderately graded, with azimuthal
uniformity.

4 I 2 11 -08 20 -15 015 Overcast, moderately graded, with slight brightening
towards the sun.

5 I 1 00 -1.0 00 -1.0 0.0 Overcast, foggy or cloudy, with overall uniformity.

6 I 5 00 -1.0 20 -15 015 Pgrtly cl_oudy, with uniform gradation and slight
brightening towards the sun.

7 I 3 00 -10 50 =25 03 Partly cloudy, Wlth a bright circumsolar effect and
uniform gradation.

3 I 4 00 -10 10. 30 045 Partly cloudy, rather uniform, with a clear solar
corona.

9 v 2 -1.0 -0.55 2.0 -1.5 0.15 Partly cloudy, with obscured sun.

10 v 3 -1.0 -0.55 5.0 -2.5 0.3 Partly cloudy, with brighter circumsolar region

11 v 4 -1.0 -0.55 10.0 -3.0 0.45 White-blue sky with distinct solar corona.

12 \% 4 -1.0 -0.32 10.0 -3.0 0.45 CIE standard clear sky, low illuminance turbidity.

13 A% 5 -1.0 -0.32 16.0 -3.0 0.3 CIE Standard clear sky, polluted atmosphere.

14 VI 5 -1.0 -0.15 16.0 -3.0 0.3 Cloudless turbid sky with broad solar corona.

15 VI 6 -1.0 -0.15 24.0 -2.8 0.15 White-blue turbid sky with broad solar corona.

3. METEOROLOGICAL DATA

The meteorological data used in this study have been collected at the radiometric station

of the Public University of Navarra (UPNA, in its Spanish acronym), located on the

rooftop of one of the buildings of the experimental farm of the School of Agricultural

Engineering (42°47°32>° N, 1°37°45>°> W, 435 m above sea level). Figure 2 shows the

station’s location and the elevation angle of the visible horizon, which does not exceed 6°

in any direction.

11
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Figure 2. Situation of UPNA radiometric station (left) and diagram of the visible horizon (right).

The data used in this study were recorded from February 2008 to December 2013.
During this period the following variables were measured at the UPNA radiometric
station: global and diffuse horizontal irradiances, direct normal irradiance and radiance
and luminance angular distribution in the sky vault. The global horizontal irradiance was
measured by a Kipp & Zonen CM11 pyranometer. The diffuse horizontal irradiance was
measured by a Kipp & Zonen CM11 pyranometer with shadow ball, whereas the direct
normal irradiance was measured by a Kipp & Zonen CHI1 pyrheliometer. The three
instruments are mounted on a Kipp & Zonen 2 AP sun tracker.

The sky radiance and luminance angular distributions were measured at 10-min
intervals by means of an EKO MS-321LR sky-scanner. This device is equipped with
radiance and luminance sensors and spends more than 4 minutes to record the radiance
and luminance values from the 145 patches in which the sky is divided following the CIE
proposal (CIE, 1994). Sky-scanner sensors where calibrated by the manufacturer (EKO
Instruments) in 2006, 2009 and 2011.

All records of irradiance, radiance and luminance for solar elevation angles lower
than 5° have been discarded. The global, diffuse and direct irradiance data have been
submitted to a quality control proposed within the framework of the MESoR project
(Hoyer-Klick et al., 2008). This procedure raises three levels of quality control, that is,
physical limits, clear-sky limits and redundancies. Those irradiance records (global,

diffuse and direct) that did not pass the quality control have been rejected. Likewise,

12
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measurements of angular distribution of radiance and luminance corresponding to the
discarded records due to the irradiance quality control have also been rejected.

Three criteria have been considered for the quality control of radiance and luminance
measurements. Firstly, all records of individual sky patches exhibiting values out of the
EKO sky-scanner measuring range (0-50 ked-m for luminance and 0-300 W-m™2-sr'! for
radiance) have been discarded. Likewise, all individual scans corresponding to sky
sectors whose center is closer than 6° to the sun have also been discarded since the
luminance and the radiance of the sun exceed the measuring range of the sky-scanner's
sensors by several orders of magnitude. Therefore, when the sun is not covered by clouds
or it is covered by thin clouds, the measurements corresponding to the sky patches closest
to the sun can be saturated and provide erroneous records. Thirdly, all records whose
integration on the horizontal plane deviates more than 30% from the measured diffuse
irradiance in the same time period have been discarded in accordance to the quality-
control test applied by Li et al. (2008) to radiance and luminance measurements.

For a more exhaustive quality control, it would have been necessary to integrate the
luminance measurements and compare the result with the measured diffuse illuminance.
However, during the period under consideration, the UPNA station did not have
illuminance measurement instruments available. Thus, the luminance records have been
considered valid whether the corresponding radiance records have passed the quality
control. Therefore, while the radiance measurements have been subjected to the three
levels of quality control, only the first two criteria could be applied to the luminance
measurements.

Table II shows the result of the quality control for each of the years of the series of
observations. As it can be seen, a total of 33322 records have passed the quality control

tests. There are many months with no observations available. This is a consequence of

13



306  the recurring technical problems suffered by the EKO sky-scanner during the period

307  considered.

Table Il. Number of measurements for each month and year of the observational time series.

Month

Year Jan Feb Mar Apr May Jun Jul Aug  Sep Oct Nov  Dic Total
2007 0 89 757 544 711 720 823 1218 991 577 393 233 7056
2008 0 572 937 1398 1996 1940 1767 1572 1640 1301 1092 986 15201
2009 795 1119 1020 1018 1364 2109 O 0 0 0 0 0 7425
2010 0O 0 0 0 0 0 0 0 0 0 21 456 477
2011 0 0 0 0 0 0 0 0 0 0 86 238 324
2012 46 201 136 271 153 190 108 67 151 135 200 101 1759
2013 159 55 113 183 182 186 60 52 47 30 5 8 1080

Total 1000 2036 2963 3414 4406 5145 2758 2909 2829 2043 1797 2022 33322

308 4. CLASSIFICATION METHODS
309  In this study, three different procedures for determining the ISO/CIE standard sky type
310  have been used and evaluated. Two of them have already been proposed in other studies

311  while the third one is a new approach. These methods are described below.

312 4.1. The method of relative gradation and indicatrix (RGI)

313 In this procedure, indicatrix and gradation functions corresponding to the sky under
314  analysis are firstly identified by means of the analysis of relative luminance
315  measurements, as it is described in Sections 4.1.1 and 4.1.2. Subsequently, the standard

316  ISO/CIE sky type is obtained by combination of both functions (Section 4.1.3).

317 4.1.1. Determination of the indicatrix group

318  Considering Equation (1), if those measurements of the 145 ones recorded during each
319  scan belonging to a certain almucantar (constant Z) are extracted, the ratio of the
320  measured relative luminances (L(Z,y;)/L;) at different points on the same almucantar
321  (which will have different y) and that of a point for which x = 90° (i.e., L(Z,¥) y=90¢/Lz),
322 will provide the successive points of the observed relative indicatrix function (f (x;)),

323 according to Equation (5).
14
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LZy)  [f) 9(2)

I, _ [ g0 _fow
LZ 7)o [O90) g(Z) ~ f(90)
I G g0

= fC)- 6))

The existence of a point with y=90° on a given almucantar implies that the inequality

of Equation (6) is verified.

1
tan(Z) - tan(Zs) =

1. (6)

As an example, two almucantars are represented in Figure 3. On the almucantar 1
there are two points where y=90, symmetrical to the solar meridian, whose azimuths meet
Equation (7). In contrast, on the almucantar 2, there is no point where y=90° since the

maximum angular distance to the sun is lower than 90°.

(y — )—+cos‘1< ! ) (7
Y=¥) =< tan(Z) - tan(Zg)/

Zenith,

Figure 3. In this representation of the sky vault, two almucantars are shown, denoted as 1 and 2. Points
with y = 90° are also represented. On almucantar 1 there are two points where y =90°. In contrast, there is
no point with y=90° on almucantar 2.

According to Equation (6), in case the almucantar corresponding to the sun elevation
is chosen at a given moment, there will be points with y=90° only when Z; is higher than
45°. In case other almucantar is chosen to identify the indicatrix function, it must be taken
into account that, as its zenith angle moves away from Zs, the minimum distances to the
sun increase. This causes a loss of information about the indicatrix function for small

values of y. In order to extend the observed indicatrix function to a wider range of y
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values, which will ensure a better identification of the indicatrix group, the following
criteria have been adopted in this work:

o IfZs > 662 measurements corresponding to the closest almucantar to the solar
one with Z > Z, from those collected in Table III, are used. This ensures that the
range of y extends from 6° to 132°. For example, if Zs is equal to 70° the
measurements corresponding to the almucantar whose zenith angle is 72° are
selected.

o If Z; < 662, measurements from two almucantars are used. The first one is the
closest to the solar almucantar with Z > Zs, among those presented in Table III,
where points with y=90° can be found. These measurements allow to define the
experimental indicatrix function for small values of y. The second almucantar is
that of Z=78°. In this way, it is ensured, in the worst case (which corresponds to
the solar noon of the summer solstice), that the experimental indicatrix function
extends to values of y ranging from 51 to 97°. According to Equation (5), there is
no restriction to the joint use of the two aforementioned almucantars, provided
that the luminances relative to the points where y=90° on each almucantar are

used.

Table lll. Zenith angles of the considered almucantars in the determination of the indicatrix function and
number of points corresponding to each of them.

Z(°) 12 18 24 30 36 42 48 54 60 66 72 78

Number of points in each
almucantar, n,

6 12 12 12 18 18 24 24 24 30 30 30

The position of the n, points considered on each almucantar can be seen in Figure 4
represented by red dots. The assignment of experimental luminances to each of them is
done as described below. On the almucantars with Z (12, 24, 36, 48, 60, 72, 84) they are
assigned the value of the luminance observed by the sky-scanner in the corresponding

sky patch. In the rest of the almucantars, the luminance assigned to its n, points is the
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result of applying an Inverse Distance Weighting (IDW) interpolation of power 2 among
the measurements of the sky-scanner in the closest patches (which can be two or three, as

shown in Figure 4).

Figure 4. Position of the na points considered in each almucantar with respect to the CIE sky patches.

As it is highly probable that the points where y=90° do not coincide exactly with any
of the aforementioned n, points, the luminances for y=90° on each side of the solar
meridian (Lyy=gpey and Ljp(y—q¢e)), are obtained by averaging the Iuminances
corresponding to the closest two n, points on each side. The ratios of luminances L(Z, y;)
on each side of the solar meridian to the corresponding Ly;—ggey OF Ly(y=902) are the
values f(x;) of the experimental indicatrix function.

Subsequently, the RMSD between the experimental indicatrix function values and
those corresponding to each of the six standard indicatrix functions is calculated. The
standard indicatrix group exhibiting the lowest RMSD is assigned to the sky under study.
At the end of the process three groups of indicatrix functions are identified for each sky
scan, one for each side of the solar meridian and a third one for the whole sky, as it was
already done by Komar et al. (2013) from measurements made by a portable spectral sky-

scanner.
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4.1.2. Determination of the gradation group
The relative luminances of interest are those corresponding to the points with a constant
distance to the sun (y). At these points the indicatrix function remains constant and the
luminance variation that can be observed is only attributable to the gradation function.
For a given y, these points are located in the circumference that results from the
intersection of the sky vault and a cone whose vertex is in the center of said vault, its axis
follows the sun vector direction and has an opening angle of y (see Figure 5). If an angular
distance to the sun is chosen which satisfies y = Zg, Equation (1) is reduced to Equation
(8). Therefore, the observed luminance relative to the zenith in the successive Z; provides

the values of the experimental relative gradation function.

L(Z, V) =z _fZs)-9@) _9@)
Ly f(Zs)-g(0) g(0)

®)

It can be seen in Figure 5 that if Zg > 459, when taking the luminances of the points
where y = Z, the complete experimental gradation function can be described from Z =
0 to Z =90°. In contrast, if Zg < 4592 the information from the lower almucantars is lost.
In this case, the comparison among the experimental gradation function and the standard
ones is less accurate. For this reason, the following criteria have been adopted in this
work:

o IfZs > 452 the experimental values corresponding to the distance to the sun y =

Zs are considered (see Figure 5a).

o IfZ; < 459, the experimental luminance values at two different distances to the
sun are considered. The first one is equal to Zs and the second one is equal to 90°,
as already proposed by Kittler (1985) (see Figure 5b). In this case, for y = 90°,
Equation (1) becomes Equation (9). Unlike what happens when y = Zs, the
luminance values relative to the zenith do not provide the relative gradation

function values. To obtain f(Zs) it is enough to divide the luminance values

18



404

405

406

407

408

409

410

411

412

413

414

415

416

417

418

419

420

421

422

relative to the zenith for the same Z in the two circles represented in Figure 5b, as
described in Equation (10). The successive values of the experimental gradation

function are those corresponding to y = Zs plus those corresponding to y = 90°

multiplied by f(Z).
LZy)y=oe _f(90%)-9(2) _ 9(2) )
Ly fZs)-g0)  f(Zs)-g(0)
_ L(Zr}/))(ZZS
f(Zs) = LZ7) gm0 (10)
a) ) 2 Zenith b) 7 Zenith

Figure 5. When Zs > 452, the line defined by the points with y = Zs sweeps all sky almucantars (a). When
Z¢ < 452, such line is not enough to cover the lower almucantars. Therefore, it is necessary to include the
line defined by the points with y = 902 (b).

For the assignment of the experimental luminance to a certain point, an IDW
interpolation is applied among the four sky-scanner measurements corresponding to the
closest sky patches. As in the case of the indicatrix function, the assigned standard
gradation group is the one with the lowest RMSD in relation to the experimental values.
Again, this analysis has been carried out separately on both sides of the solar meridian
and jointly. So, at the end of the process, three gradation groups are identified for each

sky scan, one for each side of the solar meridian, and the third for the whole sky.

4.1.3. Determination of the ISO/CIE sky according to the gradation
and indicatrix groups
By combining the six gradation groups with the six indicatrix groups, it would be possible

to identify up to 36 different sky types. However, only 15 of all possible combinations
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are considered as standards by CIE. In this sense, Dumortier and Kobav (2007) proposed
a reduction from 36 sky types to 15 ISO/CIE standard sky types (Table IV). For this, 36
sky luminance distributions were calculated for 5181 sky elements for each sky type. This
sky elements resulted from an equisolid angle grid defined with an altitude every 2°. Non-
standardized sky luminance distributions were compared with each of the standard skies.
The sky type with the lowest RMSD was considered equivalent to an ISO/CIE sky type.
The results of this analysis were specified in a single reduction table suitable for any solar
elevation (see Table IV). This proposal was used by Kobav et al. (2012) for the
characterization, according to the ISO/CIE standard, of sky-scanner measurements made

at the IDMP station in Lyon (France).

Table IV. Matrix with 15 ISO/CIE standard sky types sorted according to gradation and indicatrix combination
(Kobav et al., 2012).

Gradation

Indicatrix I I 1 v A% VI
1 1 3 5 9
2 2 4 6 9
3 2 7 7 10 10 12
4 8 8 8 11 12 14
5 8 8 8 11 13 14
6 8 8 8 13 13 15

Combinations of gradation and indicatrix shown in Table IV are reviewed in this
work. Again, 36 sky-luminance distributions are generated considering 71158 sky
elements in each type. This sky division is explained in more detail in Section 4.3. Each
of the non-standardized distributions is compared with the 15 standard types. As in the
proposal of Dumortier and Kobav (2007), the sky type with the lowest RMSD is
considered to be equivalent to a ISO/CIE sky type. This analysis is repeated considering
solar elevations from 1° to 90°. It has been found that the assignment of non-standard sky

types to standard ones varies with solar elevation. Therefore, a set of reduction tables
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dependent on the solar elevation is generated in sun altitude intervals of 1°. This issue is

further addressed in Section 5.4.

4.2. The method of normalized luminances (NL)
In this procedure, proposed by Tregenza (2004), the relative luminance distribution
measured on the 145 sky patches, according to CIE (1994), is compared with the relative
luminance distribution corresponding to each of the 15 CIE Standard General Sky types.
The standard type assigned to each moment is the one exhibiting the lowest RMSD
between the measured and standardized luminances. The steps described below are
followed:

e Calculation of D, considering the measured luminance distribution, according to

Equation (11).

D, = FCEDVP’ (11)
p

where F, is a correction factor and D,, is the horizontal diffuse illuminance

coming from sky patch p, calculated by Equation (12).
az ry2
Dy, = J J L,sinacosadady = (L,/2)(sin? a; — sin? &) (y, — v1), (12)
a1 V1

where a4, a, and y;, Y, are, respectively, the elevation angles above the horizon
and azimuths delimiting the sky patch p.
The 145 patches are grouped in 8 bands (b,) described in Table V and the

geometrical factor (F;) of the different patches is calculated by Equation (13).

F; = (m/nyp)[sin?(bpm/15)] — Sinz[(bp —1)r/15|for1 < b, <7,
(13)
E, = n[1 — sin®(7m/15)] for b, = 8,

where n,,, is the number of patches in each band b,,.
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Table V. CIE sky patches distribution.

Elevation of the Number of patches

Band, b, Patches, p band center (°) in band, 1,
1 1-30 6 30

2 31-60 18 30

3 61-84 30 24

4 85-108 42 24

5 109-126 54 18

6 127-138 66 12

7 139-144 78 6

8 145 90 1

The correction factor (F) is calculated by Equation (14).

F, =m/Sq, (14)
where S is the result of the summation in Equation (15), which corresponds to
the patches really considered in each scan.

Sa = 2 Fyp - (15)
p

e Division of the luminance corresponding to each scan (L,) by the calculated
horizontal illuminance, as indicated in Equation (16). The observed normalized
luminance distribution (L,,) is obtained for each scan. This distribution is later

compared with the one given for each standard sky.
Lyn = L,/Dy,. (16)
e Calculation of the zenith relative luminance distribution for each standard general
sky type, for the same time as the corresponding to the recorded scans. For doing
so, Equation (17), which is derived from Equation (1), is applied to obtain the
zenith relative luminance () corresponding to a point in the sky with coordinates
(Z,y). Coefficients a, b, ¢, d and e depend on the standard general sky type, in

accordance with Table I.
1+ c[exp(dy) — exp(dmn/2)] — e cos? y}[1 + a exp(b/cos Z)]

2,y =1 } (7

{1 + c[exp(dZs) — exp(dm/2)] — e cos? Z }[1 + aexp(b)]
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In the first 144 patches, Equation (17) is applied to the four vertices and the
resulting average luminance relative to zenith (I,) is assigned to the
corresponding patch. In the patch 145, the luminance is obtained by averaging the
values calculated for each of the six equilateral triangles in which the patch is
divided, as proposed by Tregenza (2004).

¢ Division of the calculated luminances for each scan and standard sky type by the
corresponding horizontal illuminance. Firstly, Equations (11), (13) and (14) are
applied to the luminances obtained by Equation (17) during each scan. This way,
the horizontal zenith relative illuminances corresponding to each of the standard
skies are obtained. Secondly, a normalization process is conducted. By applying
the equation equivalent to Equation (16), the normalized luminances (Ly, ;) are
obtained in each patch, for each sky type and scan.

e Calculation of RMSD values between each standard sky type and the measured
values. For each scan, the RMSDs are calculated considering the measured
normalized luminances and the 15 luminance distributions, corresponding to the

standard sky types, according to Equation (18).

1 2
RMSDSt = \/n_E(Lpn - Lpn,st) ) (18)
14
p

where n,, is the total number of sky patches considered.

e Selection of the standard sky type. The selected standard sky type is the one
exhibiting the lowest RMSD out of 15 types calculated in the previous step.

This procedure has been applied to the entire sky vault and to each of the two halves of

the sky separated by the solar meridian. This way, at the end of the process, 3 sky types

are identified for each scan, one for each of the divisions created by the solar meridian,

and the third one for the whole sky.
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4.3.The method of relative zenith luminances (RZL)
This procedure is based on the method described in Section 4.1.3 for the assignment of
non-standardized gradation and indicatrix function combinations to the 15 ISO/CIE
standard skies. In this method, in contrast to the two already described, only the sky
regions measured by the sky-scanner are considered when comparing the measured and
modeled values of luminance. For example, the NL method uses the luminance value of
the four vertices of the sky patch defined by the CIE to obtain the average luminance for
each of the 145 CIE patches. However, the field of view (FOV) of the sky-scanner causes
the measured sky area to be circumscribed to said patch (see Figure 6), so that none of

the four vertices is measured by the sky-scanner.

Figure 6. Subdivision of the sky vault into 145 patches according to CIE (1994) (black polygons) and sky
elements measured by the EKO sky-scanner with 11° FOV (gray-shaded ellipses and circles).

The new proposed method comprises the following steps:

e Definition of a square grid within which the projection of the sky vault on the
horizontal plane is inscribed. In this work a square grid of 301 x 301 cells is used.
These dimensions can be adjusted according to the needs of the subsequent study.

e Determination of the zenith angle (Z) and azimuth (y) corresponding to the center

of each of the grid cells assuming an equisolid projection. Any other projection
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can also be employed; however, the use of the equisolid has a distinct advantage
from the point of view of a possible integration of the cells’ luminance values,
since all cells of the matrix have the same solid angle. In this way, it is possible
to generate an image (of 301 x 301 pixels in this particular case) whose pixels are
defined by the zenith angle and the azimuth of their center. However, only 71158
pixels out of 90601 that make up the square image correspond to the sky
projection. Equation (19) relates the projected distance between a pixel and the
center of the image (R) and the corresponding zenith angle (Z) according to an
equisolid projection.

R =2-sin(Z/2). (19)
At a given time, when the sun position is defined by its zenith angle (Z5) and
azimuth (ys), an angular distribution image of luminance relative to the zenith for
each of the 15 ISO/CIE standard skies is generated. To do this, Equation (17) is
applied to each of the pixels of the image. Figure 7 shows an example of the
obtained distributions for each of the 15 ISO/CIE standard considering a solar

zenith angle of 60° at solar noon.
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Figure 7. Angular distribution of sky luminances for each of the 15 ISO/CIE standard sky types.

For each of the 15 images generated in the previous step, there is calculated the
mean relative luminance corresponding to each of the 145 sky patches defined by
CIE (I, s:) by averaging the relative luminances corresponding to the internal cells
of the patch in question. For this, it is considered the FOV of the sky-scanner used
to measure the angular distribution (11° in the case of the EKO sky-scanner).
Figure 8 shows, for each of the 15 standard distributions represented in Figure 7,
the relative luminances corresponding to the sky elements measured by the sky-

scanner.
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Figure 8. Sky elements measured by the sky-scanner for each of the 15 standard luminance distributions

represented in Figure 7.

e Comparison of the angular distribution values of luminance relative to the zenith
luminance measured by the sky-scanner (l,) with the modeled values
corresponding to each of the 15 standard skies (I, ). To do so, the RMSD is
calculated using Equation (20). In general, the number of sectors considered (n,)
will be lower than 145 since luminance data have been previously submitted to a

quality control that discards those sectors that do not meet the established criteria.

1
RMSD,, = J@Z(l” ) (20)
np

o The selected standard sky type is the one out of the 15 calculated in the previous

step that exhibits the lowest RMSD.
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As in the two procedures described above, this method has been applied to the whole
sky and to each half of the sky resulting from its division by the solar meridian. So, three

sky types have been determined from each measurement made by the sky-scanner.

5. RESULTS AND DISCUSSION

The three methods described were applied to the series of radiance and luminance sky-
scanner measurements. The classification algorithms were developed in Wolfram
Mathematica and run in the Computing Cluster of UPNA Research Institutes. The

different results obtained are presented and analyzed in the following subsections.

5.1.Comparison of ISO/CIE standard sky types obtained from
luminance and radiance measurements

The coincidences between the sky types obtained by the NL method from luminance

measurements and those obtained from radiance measurements are represented in Figure

9a. It can be seen that most coincidences are grouped around the diagonal of the graph,

which indicates that there is a good agreement between both classifications.
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Figure 9. (a) Coincidence matrix of standard sky types obtained by the NL method from luminance and
radiance measurements. The colored scale corresponds to the number of cases referring to the same sky
type. (b) Frequency distribution of differences among the sky types obtained from luminance and radiance

measurements.

The histogram in Figure 9b quantifies this trend. It shows the frequency distribution

of the differences between the sky types obtained from luminance and radiance
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measurements. The matches in ISO/CIE standard classification are 55.9%. The cases in
which the gap has a difference of 1 or 2 types are 14.4% and 16.2%, respectively, and fall
significantly after this difference. That is, in 86.5% of the cases, the ISO/CIE standard
sky obtained differs at most by 2 types when classifying from luminance and radiance
measurements by the NL method. Examining the tail of the histogram, it can also be seen
that there are no classification gaps higher than 8 types.

The results with the RGI method are similar to those obtained with the NL one (see
Figure 10). Again, agreements are grouped around the diagonal of the coincidence
diagram is shown in Figure 10a. In this case, the frequency of coincidence between the
two classifications rises slightly (up to 58.3%) as can be seen in Figure 10b. The cases in
which the difference between the sky types obtained from luminance and radiance
amounts to 1 and 2 sky types are 19.3% and 12.8%, respectively. So, in this case, in 90.4%

of the cases the classifications deviate less than 2 types.
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Figure 10. (a) Coincidence matrix of standard sky types obtained by the RGI method from luminance and
radiance measurements. The colored scale corresponds to the number of cases referring to the same sky
type. (b) Frequency distribution of differences between the sky types obtained from luminance and

radiance measurements.
The trend in the case of the RZL method when using luminance and radiance
measurements is maintained. It can again be seen that the coincidences among equal
standard skies are concentrated in the diagonal of the coincidence diagram (see Figure

11a). In this case, the number of exact matches amounts to 58.9% (see Figure 11b). If, as
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593  inthe two previous cases, the frequencies corresponding to differences of 1 or 2 sky types

594  are considered, the coincidences reach 87.3%.
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596 Figure 11. (a) Coincidence matrix of standard sky types obtained by the RZL method from luminance and

597 radiance measurements. The colored scale corresponds to the number of cases referring to the same sky
598 type. (b) Frequency distribution of differences between the sky types obtained from luminance and
599 radiance measurements.

600 5.2.Comparison of classification procedures considering the 15
601 ISO/CIE standard sky types

602  In this section, the analysis of the resulting coincidences is presented when classifying
603  the skies according to the CIE standard with the three methods described in Section 4.

604 Figures 12a and 12c¢ show the coincidence diagrams obtained when classifying the
605  skies with the NL and RZL methods, respectively. In both cases, it is observed that the
606  greatest number of coincidences is grouped around the diagonal in each diagram. In the
607  case of the luminance-based classification, exact matches (same ISO/CIE standard)
608 account for 45.6% of the cases (see Figure 12b). When classifying with radiance

609  measurements, the agreement reaches 49.2%, as can be seen in Figure 12d.
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Figure 12. Coincidence matrix of standard sky types obtained by the NL and RZL methods from
luminance (a) and radiance measurements (c); the colored scale corresponds to the number of cases
referring to the same sky type. Frequency distribution of differences among the sky types obtained by the
NL and RZL methods from luminance (b) and radiance measurements (d).

Figure 13 shows the comparisons between the standard skies obtained by applying
the NL and the RGI methods. When analyzing the coincidence diagrams corresponding
to the classification with luminances and radiances (Figures 13a and 13c, respectively), a
greater dispersion of the exact matches is observed, especially in the clearest types of sky.
This results in a frequency of coincidences of 27% in the case of the classification based
on luminance and 23.9% for the radiance. In the particular case of the classification based
on radiance measurements, it is observed that the frequency gap of one ISO/CIE standard

is greater than the frequency of exact coincidences.
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Figure 13. Coincidence matrix of standard sky types obtained by the NL and RGI methods from luminance
(a) and radiance measurements (c); the colored scale corresponds to the number of cases referring to the
same sky type. Frequency distribution of differences among the sky types obtained by the NL and RGI
methods from luminance (b) and radiance measurements (d).

Figure 14 shows the comparisons among the standard skies obtained by the RZL and
the RGI methods. As in the previous case, there is a certain concentration of coincidences
around the diagonal in Figures 14a and 14c, corresponding to the classifications based on

luminance and radiance measurements. A frequency of exact matches of around 30% is

seen in both cases when the histograms for each type of measurements are analyzed.
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Figure 14. Coincidence matrix of standard sky types obtained by the RZL and RGI methods from
luminance (a) and radiance measurements (c); the colored scale corresponds to the number of referring to
the same sky type. Frequency distribution of differences among the sky types obtained by the RZL and
RGI methods from luminance (b) and radiance measurements (d).

5.3. Analysis of sky classification symmetry
The analysis of the sky-classification symmetry gives an idea of its homogeneity. It must
be noted that all standard skies defined by ISO/CIE, whether overcast, intermediate or
clear, are homogeneous skies. This is because gradation and indicatrix standard functions
are analytically defined functions.

In this section the symmetry in the sky classification is analyzed. As explained in
Section 4, apart from classifying the whole sky by the three methods, the two sky halves
on each side of the solar meridian have also been classified. So, from now on, those skies
in which the classification in both sides of the solar meridian coincide will be called

symmetrical skies.
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Figure 15a shows the coincidences frequency among the types obtained from each
half of the sky by the NL method. It can be observed that 37.6% are symmetrical skies,
that is, in 37.6% of the cases the ISO/CIE standard sky on one side of the sky coincides
with the other side and, therefore, with the global sky classification. Figure 15b shows
the symmetry frequencies obtained for each standard sky type with the NL method. The
type of sky with a higher proportion of symmetrical skies is I1 (CIE Standard Overcast
Sky), whereas VIS5 (cloudless turbid sky with broad solar corona) exhibits the lowest

frequency in symmetrical skies.
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Figure 15. (a) Frequency distribution of coincidences between the standard sky types obtained from each
of the two sky halves divided by the solar meridian with the NL method. (b) Symmetry frequencies
obtained for each standard sky type.

Figure 16 shows the symmetry results obtained with the RGI method. In this case, the
frequency of symmetric skies is similar to that obtained with the NL method, reaching a
value of 38.9%. However, when analyzing the frequency of symmetric skies by type, a
somewhat different distribution is appreciated. Again, the type with the highest frequency

of symmetric skies is I1, closely followed by IV2 type (partly cloudy, with obscured sun).
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Figure 16. (a) Frequency distribution of coincidences between the standard sky types obtained from each
of the two sky halves divided by the solar meridian with the RGI method. (b) Symmetry frequencies
obtained for each standard sky type.

When analyzing the symmetry of the skies classified by the RZL method the
frequencies increase. Considering all sky types globally, there are 57% symmetric skies,
as shown in Figure 17a. If the results are analyzed by ISO/CIE standard type, it can be
observed that types I1 and VI6 (white-blue turbid sky with broad solar corona) exceed

70% of symmetric skies (see Figure 17b).
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Figure 17. (a) Frequency distribution of coincidences between the standard sky types obtained from each
of the two sky halves divided by the solar meridian with the RZL method. (b) Symmetry frequencies
obtained for each standard sky type.

5.4. Assignment of the non-standardized combinations of the indicatrix
gradation functions to the CIE standard sky types
Section 4.1.3 mentioned the proposal of Dumortier and Kobav (2007) for the assignment

of non-standardized combinations of gradation and indicatrix functions to the ISO/CIE
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standard sky types. The initial proposal by these authors suggests a unique reduction table
suitable for all solar elevations (see Table IV). In this work a set of reduction tables
dependent on solar elevation (from 1 to 90 degrees) is proposed. For reasons of space, it
is not possible to include the obtained 90 tables in the present work.

In order to compare Dumortier and Kobav’s proposal with the revision carried out in
this study, the sky classification obtained from both proposals by the RGI method has
been compared, observing an agreement of 88% of the cases (see Figure 18). Only

luminance has been considered.
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Figure 18. Coincidence frequency distribution among the standard sky types obtained by the RGI method
when comparing the Dumortier and Kobav’s proposal (Dumortier and Kobav, 2007) and the new
assignment carried out considering the solar elevation.

Sky classifications obtained by applying each of the two proposals for assigning
ISO/CIE standard skies from the gradation and indicatrix functions to resulting sky types
with NL and RZL methods are compared. Figure 19a shows the coincidence frequencies
obtained by the NL and RGI methods considering the revision of the standard skies’
assignment. The frequency of exact matches is 26.8%. On the other hand, Figure 19b
shows the coincidence frequencies of the sky types obtained by the NL and the RGI
methods considering the Dumortier and Kobav’s proposal. The frequency of exact

matches in this case is practically the same as in the previous case.
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Figure 19. Frequency distribution of differences among the standard sky types obtained by the NL and
RGI methods when considering (a) the revision carried out and (b) the Dumortier and Kobav’s proposal
(Dumortier and Kobav, 2007).

When making the same comparison with the results obtained by the RZL method (see
Figure 20a), the frequencies distribution pattern observed in the previous case with the
NL method is maintained here too. The proportion of exact matches when applying the
revision (29.1%) slightly exceeds that obtained when applying the initial proposal

(28.6%), as can be seen in Figure 20b.
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Figure 20. Frequency distribution of differences among the standard sky types obtained by the RZL and
RGI methods when considering (a) the revision carried out and (b) the Dumortier and Kobav’s proposal

(Dumortier and Kobav, 2007).

6. CONCLUSIONS
This work analyzed the existing differences in the characterization of the sky conditions

according to the CIE Standard General Sky comparing the results obtained with three
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classification procedures. Although the ISO/CIE standard skies are based on photometric
variables, the possibility of classifying the skies from radiance, instead of luminance, was
also studied. Likewise, the obtained differences in the resulting sky type when classifying
the two parts of the sky separated by the solar meridian have been compared. In general
terms, it is possible to conclude that there are certain differences in the classification
whose magnitude depends on the applied method to characterize the sky.

In the absence of a reference case, it is not possible to establish which procedure
performs best in absolute terms. For this reason, the three proposed methods have been
compared in pairs. This analysis revealed that the RZL method was the one that
performed best since it exhibited the highest number of coinciding sky types with those
obtained by the NL and RGI methods. Specifically, the two methods that showed the best
agreement were the NL and RZL ones. This is not surprisingly since, apart from the
peculiarities explained above, the RZL method is an evolution with higher resolution of
the NL one. In contrast, the methods that exhibited the worst result were the pair NL -
RGI. The differences in the classification as a consequence of the applied methods has
been evidenced at this point since the frequency of coincidences among the sky types
obtained ranged between 49% for the pair NL - RZL and 24% when NL and RGI methods
were compared.

When comparing the standard sky types obtained from radiance and luminance
measurements, there has been observed that the coincidence for the standard sky types
ranges from 55% to 59%. The RZL method reached the greatest agreement among the
types obtained from both variables. When in addition to the matching sky types, the
differences of 1 and 2 sky types were considered, the coincidence frequency approached
90%. Therefore, given these limitations and in the absence of luminance data,

classification can be made from sky-radiance measurements.
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Symmetric skies have been defined as those in which the classification of the two
parts of the sky separated by the solar meridian coincide and, therefore, are equal to the
global classification. In this sense, whereas the frequency of symmetrical skies identified
by the NL and RGI methods is similar, around 38-39%, the proportion of symmetric skies
classified by RZL amounts to 57%. Therefore, it can be concluded that the sky symmetry
is also very sensitive to the method used.

Finally, the sensitivity of the obtained sky type frequencies has been analyzed
depending on the proposal used for allocating the non-standardized combinations of
indicatrix and gradation functions to the ISO/CIE standard types. In this sense, two
proposals have been compared, that of Dumortier and Kobav (2007) and a proposal in the
present study. The consequences of the application of any of the two reduction proposals
are not very significant, as an 88% agreement has been observed between both

classifications.
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