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Abstract
The International Organization for Standardization (ISO)/Commission International de l’Eclairage (CIE)
Standard General Skies is a set of standard skies that can describe, mathematically, the distribution of the
luminance of a sky. Since the introduction of such standard, several methods for sky type classification based
on the ISO/CIE standard types have been proposed. However, each of these methods could lead to a different
result. Based on sky luminance measurement and through sky type classification in Dammam city in Saudi
Arabia, a new procedure is proposed that can help reach a more accurate result.
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1. INTRODUCTION
Sky luminance distribution models are essential in building
energy simulation, where computers are used to analyze the daylight performance of a proposed design or an existing building.
Such performance includes energy saving from daylight [1–5] and
visual comfort [4–8]. Since the proposal of the first sky model by
Moon and Spencer [9] in 1942, which simulate the distribution
of the luminance of an overcast sky, several sky models were
proposed to represent other sky conditions. Moon and Spencer’s
model was adopted in 1955 by the International Commission
on illumination (Commission International de l’Eclairage, CIE)
[10] as the CIE Standard overcast sky. Later in 1967, Kittler [11]
proposed a sky model to represent clear sky conditions. It was
later adopted by the CIE [12] in 1973 as the CIE Standard Clear
Sky. In 1981, Littlefair [13] proposed a model to represent what
he called ‘Average Sky’ and few years later, in 1985, Nakamura
[14] proposed a model for intermediate sky. By assuming that the
luminance of a sky fluctuates homogeneously from the clear sky
to the overcast sky, Kittler [15], in 1985, developed what he called
the ‘homogeneous sky’. In 1988, the luminance of the sky was
classified into five conditions by Perraudeau [16], which range
from overcast sky to clear sky. In 1993, Perez developed what

he called the ‘all weather’ sky model [17], where he divided the
sky luminance distribution into eight categories ranging from
overcast sky to clear sky conditions. In a combined effort involving
Kittler, Darula and Perez [17] in 1997, the sky types were classified
into 15 sky conditions. CIE [18] adopted this model in 2003, the
International Standard Organisation [19] adopted it in 2004. This
sky model is known now as the The International Organization for
Standardization (ISO)/CIE Standard General Sky. The distribution of the luminance of such model describes the sky into 15 conditions ranging from cloudy sky to partly cloudy sky to clear sky.
Several approaches for fitting a sky luminance distribution into
1 (or more) of theses 15 sky types were proposed. These include
the use of the ratio of the luminance at the zenith to horizontal
illuminance from the sky (Lz/Dv) [17, 20], the use of the ratio
of sky luminance to zenith luminance [17, 18], the use of the
ratio of sky luminance to horizontal sky illuminance (Lv/Dv) [21,
22], the use of the relative gradation and indicatrix [23–25], the
use of vertical sky illuminance to horizontal sky illuminance [26–
28], the use of illuminance from the sky on a vertical surface
facing the sun to that facing the opposite direction [27] and the
use of sky illuminance on the horizontal [29–31]. However, each
of these methods can lead to different frequencies of sky types
[32, 33].
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Figure 1. The scanner used in this study.

This paper addresses this variation and proposes a new
procedure that can help achieve a more accurate and reliable
result.

2. DATA MEASUREMENTS
An EKO (MS 321-LR) sky scanner, which is newly installed, was
used in this study for measuring sky luminance. It was located
at the rooftop of one the buildings in, Imam Abdulrahman Bin
◦
Faisal University campus in Dammam city (latitude of 26 30
◦

North, longitude of 50 09 East; Figure 1).The city of Dammam
is situated on Saudi Arabia’s eastern coast, where the eastern coast
as a whole is rated as a hot-dry climate zone [34]. However, since
Dammam is situated on the Gulf shoreline, the relative humidity is
high and the region can be described as a maritime hot-dry desert
[34].
During daytime, from 1 May 2019 until the end of April 2020,
data collection from the sky scanner was performed in 10-minute
intervals (each scan takes up to 4.5 minutes). At 145 separate
points spread over the sky dome, the measurements were taken
within a range of 0–50 Kcd/m2 and a resolution of 0.001 Kcd/m2 .
Measurements for points near the location of the sun would
be influenced by direct sunlight, resulting in high readings
(Figure 2). It is for this reason that readings above 50 Kcd/m2
will be replaced by 50 Kcd/m2 [35], except when such readings
occur at the zenith; in this case, all readings from the scan will be
canceled.
2
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3. CLASSIFYING SKY LUMINANCE
PATTERNS ACCORDING TO THE ISO/CIE
STANDARD GENERAL SKY
Analyzing sky luminance scans to obtain frequency of occurrences of the 15 CIE sky types is usually based on the best fit
methods. Two widely used methods [32, 36, 37] will be used in
this study.

3.1. The Kittler method
The ratio of the luminance reading at the zenith to diffuse illuminance from the sky on the horizontal (Lz/Dv) was proposed
by Kittler and others as a tool for determining the standard sky
types [17, 20]. The root mean square error (RMSE) for every
scan was computed between the measured and calculated ratios
corresponding to each of the 15 standard sky types as follows:

 Lz
Lz 2
−
RMSE =
(1)
Dvp Dvm
where Lz/Dvp is the predicted luminance at the zenith to predicted diffuse illuminance from the sky on the horizontal for each
sky type and Lz/Dvm is the ratio of measured zenith luminance to
diffuse illuminance from the sky on the horizontal.
Estimation of sky illuminance at the horizontal (Dv) from the
real luminance measurements and the 15 theoretical standard sky
types was done as follows:
Diffuse Illuminance from the Sky on a horizontal surface (Dv)
=
145
I=1

Lvi sin θ.solid angle subtended sky point (i)

(2)
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Figure 2. Readings of the sky luminance, showing the problem of high measurements at the zenith due to a high solar altitude of 87◦ .
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where Lvi is sky point i luminance at an altitude of θ.
Solid angle = 2π (sin (altitude of upper scan point)
− sin (altitude lower scan point)
/number of sky measuring points in band [38] (3)
Using the same equation (2) for both quantities (the predicted
and measured diffuse illuminances) was done due to the fact that
the sky coverage of the sky scanner is below 70% (the angle of the
aperture of the sensors is equal to 11◦ ), and therefore, the rest of
luminance data need to be interpolated [39].
The selected standard sky is the one that has the lowest RMSE.
Figure 3 shows the frequency of occurrence of the 15 ISO/CIE
skies based on the Lz/Dv method (the Kittler method).

3.2. The Tregenza method
Instead of dealing with just the zenith luminance to the sky
illuminance on the horizontal, Tregenza suggested the use of all
luminances to the horizontal sky illuminance. Using all luminances instead of just one patch luminance will lead to a more
trustworthy result. This also addresses the problem posed by the
high luminance at the zenith when the sun is high in the sky,
making it difficult to obtain correct measurements [22].
The RMSE for every scan was computed between the measured and calculated ratios corresponding to each standard sky
as follows:

RMSE =

2
1 N 
Lpredi − Lmeasi ,
1
N

(4)

where Lpredi is the ratio of predicted luminance of patch i to
predicted horizontal sky illuminance of sky type and Lmeasi is

Figure 4. Frequencies of occurrence of ISO/CIE skies for Dammam region based
on Tregenza method.

the ratio of measured luminance of patch i to horizontal sky
illuminance of sky type. N = 145 (scan points).
Figure 4 shows the frequency of occurrence of the fifteen ISO/CIE sky types based on the Tregenza method.
The frequency of occurrence, shown in Figures 3 and 4, shows
a general agreement in the results of sky types 1–8. The clear
difference starts from sky types 9 and 10, which almost do not
exist based on the Tregenza method. Sky 11 accounts for 5% of
occurrences in the Kittler method and ∼35% of occurrences with
the Tregenza method. Sky type 12 has roughly similar results for
both methods. Sky type 13 has a frequency of occurrence of 18%
with the Kittler method and ∼30% with the Tregenza method. A
large difference exists for sky types 14 and 15. They both have
a total frequency of occurrence of 36% with the Kittler method
and <1.7% with the Tregenza method. The question now is which
result can we use for the classifying the sky luminance patterns in
Dammam area?
To answer such question, a new procedure will be presented in
the next section to reach to a trustworthy result.

4. THE PROPOSED PROCEDURE
An idea about the prevailing sky types could be obtained through
the graphical representation of some the parameters explained
earlier. Figure 5 shows graphical representation of the ratio of the
luminance at the zenith to horizontal sky illuminance (Lz/Dv) vs
the altitude of the sun. From such figure, one can notice the clear
sky pattern, indicated by the green dots overlying the theoretical
curves representing the individual clear sky types, skies 11–15.
Using another parameter, the ratio of the average luminance
◦
of sky patches with an azimuth difference of less than 90 from
the sun to the average luminance of the other sky patches, the
clear sky pattern is also clearly indicated (Figure 6). However, the
International Journal of Low-Carbon Technologies 2021, 00, 1–6
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Figure 3. Frequencies of occurrence of ISO/CIE skies for Dammam region based
on Kittler method.
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Figure 6. Prevailing sky type based on the ratio of the average luminance of sky patches with an azimuth difference of <90◦ from the sun (L1) to the average
luminance of the other sky patches (L2) compared with their theoretical courses for the 15 sky types.

difference in this figure from the Lz/Dv ratios (Figure 3) is that
sky 15 is not one of the prevailing sky types in the area. This is an
important observation that indicates the importance of looking
at other figures that can provide additional information about the
prevailing sky types.
By normalizing the luminances of the sky patches with an
◦
azimuth difference of <90 from the sun to horizontal sky
illuminance, further information about the prevailing sky types
can be obtained (Figure 7). This figure indicates that both

4
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sky types 14 and 15 are not from the prevailing sky types in
the area.
All the above figures (5–7) provide useful information about
the prevailing sky types in the area. These figures clearly indicate that the prevailing sky types are 11–13. Now, to link such
results with results obtained from Kittler and Tregenza methods
(Figures 3 and 4), it is clear that results in Figure 4 are in a good
agreement with results shown in Figures 5–7. Therefore, one can
conclude that the frequencies of occurrence of CIE sky types for
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Figure 5. Prevailing sky type based on measured Lz/Dv ratios compared with their theoretical courses for the 15 sky types.
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Dammam region based on Tregenza method are a good fit to the
sky luminance patterns that occur in such region.

5. CONCLUSION
Previous studies have shown that the different methods proposed
for finding the frequency of occurrence of sky types based on
the ISO/CIE Standard General Sky can have different results. For
this reason, a new approach is proposed in this study in order
to achieve more trustworthy results. Two methods were used for
analyzing the sky luminance scans from Dammam, Saudi Arabia.
The result was a different frequency of occurrence of sky types
for each selected method. Subsequently, based on a graphical
representation of the prevailing sky types, the method proposed
by Tregenza is recommended for sky luminance analyses in the
area. This study highlights the importance of comparing graphical
representations of the prevailing sky types before defining the
ISO/CIE sky types in any area.
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