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ABSTRACT
This paper analyses the accuracy of a Uniform sky
when used for calculating daylight illuminance levels
in side-lit buildings. The results of using the Uniform
sky are compared against results derived from
models that represent real skies in a more accurate
fashion using Radiance and 3DS Max® Design. The
alternative sky models studied are the CIE
(Commission Internationale de l’ Éclairage) Clear,
CIE Overcast (Hopkinson et al, 1966) and Perez
skies (Perez et al, 1993).
The results indicated that when using a more accurate
sky model there was a difference in illumination
levels for each building. This difference ranged from
-0.2% to 17.9% for the CIE skies and 7.8% – 30.5%
difference when the Uniform sky is compared to the
Perez sky.

INTRODUCTION
Natural light within buildings is important to
lighting, heating, energy, health and productivity
therefore it is important to design it well. Using
computer simulations during the design phase of a
building is an increasingly popular way of assessing
how it will operate once constructed. It is often faster
than conventional model making because it uses the
existing CAD model. It is also often easier to modify
a design and it is becoming possible to study
dynamic performance (Reinhart, Mardalijevic &
Rogers, 2006) over a whole year rather than typical
performance at a few standard times.
Andersen notes that, “the modelling of daylight in
buildings is a challenging problem of increasing
importance. It also has the potential to produce
positive effects on health and remains a predominant
factor in how a space is perceived by its user”
(Andersen, 2007). Daylight implementation into
buildings must be calculated accurately to optimise
its potential. If not accurate, the risk is that a building
can be uncomfortable because of glare or
overheating; and can use far more energy than
anticipated both for lighting and for cooling.

This research investigated the differences in
predicted performance resulting from the Uniform
sky compared to sky models that are physically more
accurate and are commonly used within the lighting
industry. The recently developed 15 CIE skies (CIE,
2003; Darula et. al. 2002) cover the broad range of
possible sky types around the world. However
research has not yet been conducted on which mix of
CIE sky types would be most appropriate for New
Zealand’s climate. What is required is a careful
analysis such as Shahriar has conducted for Malaysia
identifying that the 15 sky models represent 94% of
all skies in Malaysia and that the five cloudy skies
(types 6 through 10) represent 52% of all 3695 hours
studied (Shahriar and Mohit 2006). This identifies
the major limitation of the dynamic application of
these CIE skies: from the 4300 or so hours in a year,
what statistically representative model of sun
position and sky type can be created that applies the
appropriate CIE model to each hour of daylight?
For this test, the two most extreme cases within the
15 skies were chosen to be used for testing. These are
the CIE Clear and CIE Overcast skies that have been
in use in daylight design since the 1960s. In addition,
the more general and recent Perez sky model was
evaluated alongside these two extremes.
The research goal was to evaluate the accuracy of a
Uniform sky when used for calculating daylight
illuminance levels in side-lit buildings. The Uniform
sky is used in Green rating systems such as Green
Star Australia. The New Zealand Green Building
Council Green Star system studied in this research
has also adopted a Uniform sky method.
In a 2009 review of the Green Star system the
NZGBC response to a submission proposing the CIE
overcast sky as an alternative stated: “…it was
considered the CIE Overcast Sky was more open to
manipulation and that almost all software is capable
of both” (NZGBC b, 2009). This position was the
basis of this research with the aim of identifying if
the use of a model of this type will have a significant
effect on daylight design decisions.
Computer simulation tools have become a simple,
cost effective solution for analysing daylight patterns
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for pre-construction proposals. Using computer
simulation tools it is possible to estimate the
environmental conditions of a design before it is
built. As described by Li et al, “the first step in
evaluating the visual performance and energy
efficiency provided by daylight requires an accurate
estimation of the amount of daylight entering a
building” (Li, Lau & Lam, 2004). This requirement
of accuracy is the rationale of this research.
The NZGBC states the Uniform sky demonstrates a
lighting scenario where “the Daylight Factor (DF)
calculated using a Uniform Design Sky will almost
always be higher than that calculated using an
overcast sky” (NZGBC, 2009). A higher DF means
the windows designed with a Uniform Sky will be
smaller than those designed with other skies. This
lowers the risk of over-glazing leading to overheating
and glare, but runs the risk that at other times
daylight will be inadequate.
In the late nineteenth century architects became
interested in developing mathematical models of the
interaction of buildings and light. Hawkes (1970)
reports Molesworth in 1902 and Waldram in the
early 1920s created a ‘design tool for architects’
which predicted natural illumination in a room given
window size and orientation. These assumed the sky
was a uniform brightness from horizon to horizon –
the ‘Uniform Sky’. The use of the Uniform sky
model was soon recognised as inaccurate because
“the brightness distribution of an overcast sky is not
uniform. It is normally lightest at the zenith and
darkest at the horizon and is generally not affected by
the position of the sun” (Galbreath, 1961).
By 1955, the CIE agreed that the overcast sky was
better represented by a non-uniform distribution of
luminance. A further 10 years later the ‘Waldram
diagrams’ were updated to account for this sky
luminance distribution (Hawkes, 1970). The CIE
overcast sky has clearly been the recommended
representation of an overcast sky for five decades. A
real sky is brightest at the Zenith and approximately
1/3 of this brightness at the horizon when it is
overcast, and vice versa when the sky is clear. A
depiction of the Uniform sky in comparison to an
actual overcast sky is shown in Figure 1.

Figure 1: A comparison of the Uniform sky to an
Overcast sky

METHODOLOGY
The effect of the daylight credit in a green building
rating system like Green Star can alter other factors
affecting occupant health and energy conservation as
researchers have “learned that daylighting can reduce
artificial lighting consumption from 50 to 80%. The
global primary energy saving coming not only from
the reduction of the lighting consumption but also
from the reduction of lighting internal loads could
then reach 40%” (Bodart & De Herde, 2002).
Reducing internal loads can save cooling energy use
in addition to the lighting energy savings.
The Alternative Assessment
The Green Star Technical Manual states: “the
Daylight Factor of a project design does not always
fairly account for natural light levels provided by
systems designed to reflect direct light. These sorts of
systems include light reflecting systems designed to
transfer and diffuse direct light deeper into a space”
(NZGBC, 2009). The Green Star daylight assessment
allows for daylight models that have direct
illuminance and thus cannot be assessed just by the
Uniform (overcast) Sky calculation.
This Green Star alternative method suggests when
calculating the performance of systems which
perform well under clear (sunny) skies, that a
separate calculation be performed for a clear and for
a cloudy sky and then the two results be combined
using an equation which includes the number of
sunny and cloudy days in a region. The number of
sunny and cloudy days in each month in Wellington
for this study was established from the thermal
simulation weather data file.
The CIE Clear and CIE Overcast skies were both
used separately to estimate internal illuminance and
then they were combined using this simple
proportional weighting equation. To fit with this
process, the Perez sky was run twice, once with
direct illuminance and once without. This ensured
that both the CIE skies and Perez sky were operated
in a manner that could be directly compared. There is
no clear/sunny sky version of the Uniform sky. This
is a restriction for the purposes of comparison as with
3DS Max®, the Perez sky formula could be used to
calculate at any instant of the year the daylight
illuminance resulting from whatever instantaneous
combination of direct sunshine and diffuse sky
existed at each hour in the simulation weather file.
The alternative assessment weighting equation is not
sufficient on its own. The direct light calculations
must account for the sun’s movement across the sky
and the sun angles created. These extra runs calculate
Daylight Factors for sunny skies at 9am, 12pm and
3pm on the 21st of March, the 21st of June, and the
21st of December. These dates are set by Green Star.
They are the conventional times used in solar studies
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to represent the critical times of the year. This is
completed using the Clear Sky model. The Overcast
Sky needs only to be calculated once as it is the same
for all times of the year. The Perez sky calculation is
completed in the same manner, modelling Clear and
an Overcast sky conditions.
Building Selection
The real buildings selected for the study each have a
Green Star rating. This was important as it provided
buildings that had an initial rating as a baseline for
comparison and thus it made sense to conduct a
daylight study. A wide selection of building types
from different design team sources provided a sample
unbiased by a particular design philosophy or
approach. Side-lit buildings were selected to test as
they would have the greatest difference from the
horizon illuminance due to the uniform sky
characteristics.

SIMULATION
If the data output from a simulation is unreliable, the
final product will result in an unsatisfactory building
with high energy use and an uncomfortable
environment. “The modelling of daylight in buildings
is a challenging problem of increasing importance. It
also has the potential to produce positive effects on
health and remains a predominant factor in how a
space is perceived by its user” (Andersen, 2007).
The main computer simulation program that was
used for the daylight analysis was Autodesk’s 3DS
Max® Design which has the ability to simulate four
sky models. These are the Perez, CIE Clear, CIE
Overcast and the Haze Driven sky models. Of these,
all except the Haze Driven model was used as it is
intended more for visualisation rather than simulation
purposes. As the Uniform sky is not a standard in
3DS Max®, the program Radiance was required to
run the baseline calculations using the Uniform sky
for all models.
Modelling
Surrounding buildings are also required to be
modelled as they can have a large influence on the
daylight availability and quality within the building
being tested and need to be positioned to reflect
reality. The standard reflectance values of building
materials were input as required by Green Star: 75%
for ceilings, 50% of walls and 20% for floors. The
surrounding buildings had a reflectance value of
20%.
Each building was received as a 3D model. Some
were lighting models and some were CAD models.
Each was re-created in SketchUp 7.1 from the
various formats received then exported into formats
readable by 3DS Max® and Radiance.

In order to provide a broad test of the suitability of
the Uniform Sky the sample of buildings was
selected to differ in design as much as possible. All
buildings within this selection varied in shape, floor
size, storey height, and the amount of surrounding
buildings. As these buildings were sourced from
commercial companies, there was a condition of
privacy on the use of these real buildings. For this
reason the models cannot be named nor can images
be shown. Each building was completed using the
same process with all the same settings. The only
change to each simulation is the sky model. This kept
a consistency throughout the tests.
Once the buildings had been modelled in SketchUp
and the appropriate material reflectances were
applied, it was exported into a format that is
recognised by Radiance. Within SketchUp the plugin
called SU2RAD (http://code.google.com/p/su2rad/,
Last accessed, May 2011) was used, which allows
any SketchUp model to be transferred into a format
that is compatible with Radiance. This file takes all
the geometries, positions of objects, materials, and
orientation, and places it into a separate file ready for
use.
Input Data
All buildings were assumed to be geographically
positioned in Wellington and thus the latitude and
longitude were input accordingly (Lat: -41.295,
Long: -174.774, Meridian: -180). Green Star
suggests that the 21st day of March, June and
December are used as they are critical times of the
year; the equinox, winter and summer solstice. To
account for the different angles of the sun, the
calculations are required to be completed at 9.00am,
12.00pm and 3.00pm.
The Perez sky runs directly from weather file
information of direct and diffuse illuminance values.
The CIE skies were modelled with the same values.
Green Star mentions that when required, those doing
daylight calculations should obtain weather
information and data from NIWA, which has a
database called CliFlo (NIWA, 2010) full of
historical data. This project used the publicly
available EnergyPlus weather data provided by
NIWA and downloadable from the Department of
Energy in the USA (Energy, 2010). It was essential
that the weather file be checked to make sure the
days that are being measured represent a clear or
overcast hour at or close to the required dates.
As the alternative assessment required more
calculations on specific clear (sunny) days, it was of
interest to test whether the suggested 21st days in
each month would suit. The procedure for calculating
the alternative assessment is described in the
equation (Figure 2). To verify that these days and
times are actually clear or overcast days, the weather
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file was analysed using Autodesk’s program Ecotect
Analysis 2010. This has a weather file viewer which
provides views of the solar radiation and direct
sunlight levels for each day. For a sunny day, the
days that were most appropriate were March 22, June
23, and December 22. This verification proved that
the exact generic dates are not suitable when using
the weather file driven Perez sky model.

In total 10 calculations per building were completed
using the three suggested days at the three suggested
times, as well as the one off Overcast sky calculation,
using both sky types.

RESULTS
The Daylight Factor is calculated using a Uniform
sky as “it measures the proportion of daylight
entering a building and is not climate specific”
(NZGBC, 2009). The minimum daylight factor
percentage is set to 2.5% of the total floor area.
Green Star has a point award system which is
separated into the following;

Figure 2: The Alternative Assessment Equation
Measuring
To calculate the amount of light across the floor area
virtual light meters need to be set up. In 3DS Max®
and in Radiance a lighting calculation grid must be
created. This is suggested to be completed with one
lightmeter per square metre: “a Maximum 1m² grid
must be overlaid over the floor plan to determine
these points” (NZGBC, 2009). The Daylight Factor
was calculated at each point.

RUNNING THE CALCULATIONS
Radiance
The gensky function is used as it can create a
uniform sky, and the input of 10,000 lux is put into
the run file. To ensure that the lightmeters are in the
exact same positions within both programs used for
this research, each lightmeter is created in 3DS
Max® and the grid of measurement points is
exported into Radiance.
3DS Max®
Autodesk’s 3DS Max® has been used due to its
speed of processing, capability of rendering
accurately, and for the ease of setup and modelling
which makes simulation quality assurance easier. For
the files from SketchUp to be compatible with 3DS
Max®, they need to be exported as 3D Models to an
AutoCAD DWG (.dwg) format. This makes the
model easier to work with as it allows the model to
keep its materials and layers separate instead of
creating a single object. The imported .dwg model
requires a ground plane before the calculations can
be run. A MentalRay Sun and Sky system is added to
the scene. This automatically creates a position of the
sun for direct light and a global illumination to
represent the sky.
The CIE Clear sky requires nine separate
calculations, for the selected days per month for the
three times throughout the day, while the CIE
Overcast only requires one calculation. This is
completed the same way using the Perez sky.

-‐

1 point is awarded for 30% of the floor area
above 2.5% DF

-‐

2 points are awarded for 60% of the floor
area above 2.5% DF

-‐

3 points are awarded for 90% of the floor
area above 2.5% DF

One of the main arguments for use of a Uniform sky
is its simplicity, speed and the ability to use hand
calculations. For this reason, each calculation was
timed to compare the speed of each sky model.
Table 1
Calculation times per sky model
BUILDING	
  
Building	
  1

UNIFORM	
  	
  
RADIANCE
1	
  min

CIE	
  
3DS	
  MAX
2	
  mins

PEREZ	
  	
  
3DS	
  MAX
3	
  mins

Building	
  2

2	
  mins

4	
  mins

5	
  mins

Building	
  3

9	
  mins

15	
  mins

18	
  mins

Building	
  4

5	
  mins

9	
  mins

13	
  mins

Building	
  5

3	
  mins

5	
  mins

8	
  mins

The calculation times are shown in Table 1 where the
time of calculation is combined with the time it takes
to export all the information to excel format. The
times are given as an average over all runs.
As the skies are the only interest of this research, the
constructing, initial exporting and formatting of the
buildings for both programs are not accounted for.
The time it takes for a simulation to run depends on
the number of lightmeter points and the complexity
of the building.
The ratings for complexity of the buildings are
described as low, medium and high, a rating that is
given in lieu of showing diagrammatic images of
each building as the building information was
obtained on agreement of confidentiality. A low
complexity building has a relatively simple shape and
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a basic fenestration with little to no shading devices
around the windows. A medium complexity building
is a relatively standard shape with a facade that has
been designed to reduce daylight penetration in
certain areas and varying window sizes. Lastly, a
building of a high complexity level is an irregular or
complex shape that has a non-linear fenestration and
daylight control systems. Each building is rated
below to show the comparison of time with the
number of lightmeters, and how sophisticated the
model is.
Table 2
Number of Lightmeters & Complexity of buildings

exceeding a Daylight Factor of 2.5%. These are
average figures of all the floor levels. For two of the
five buildings the Green Star points (in brackets)
would be different.
Table 3
Results for all Three Cloudy Sky Models percentage
of floor area >DF2.5% (Green Star Points)
BUILDING
Building	
  1

UNIFORM
RADIANCE	
  
52%	
  (1)

CIE	
  SKY
3DS	
  MAX
61%%	
  (2)

PEREZ	
  
3DS	
  MAX
96%	
  (3)

Building	
  2

76%	
  (2)

91%	
  (3)

93%	
  (3)

Building	
  3

38%	
  (1)

57%	
  (1)

74%	
  (2)

LIGHT	
  METERS

LEVELS

COMPLEXITY

Building	
  4

74%	
  (2)

65%	
  (2)

79%	
  (2)

745

2

Low

Building	
  5

29%	
  (0)

27%	
  (0)

27%	
  (0)

Building	
  2

636

3

High

Building	
  3

2394

5

Low

Building	
  4

1773

4

High

Building	
  5

2121

1

Medium

Building	
  1

Radiance’s output files come in the form of
“simulated spectral (RGB) irradiance values” (Larson
& Shakespeare, 1998). This measurement of
irradiance needs to be converted into lux to be
comparable to the 3DS Max® calculations.
The sky models vary in lengths of time to calculate,
and as time is of concern in most construction
processes and businesses, this is taken into account
when proposing a change to the process of assessing
daylight within office buildings. The CIE and Perez
skies when compared to the Uniform sky are
approximately 2 -3 times more time consuming (per
single run) as shown in Table 1. This may however
be partly a function of the difference in the software
used: Radiance for the Uniform sky, and 3DS Max®
for the CIE and Perez skies.
Cloudy Skies – the accuracy of the Uniform Sky
In the Green Star rating system the available points
for daylighting are awarded for lightmeter readings
that have a Daylight Factor (DF) above 2.5%. For 1
point it must be shown that at least 30% of the floor
area is above 2.5% DF. For 2 points 60% of the floor
area must be above 2.5% DF and for 3 points, 90%.
The 30% difference between the credit criteria
becomes important as this potential change is the
amount of points that a building may be able to lose
or acquire if the sky under- or over-estimates
daylight availability. If the sky model leads to a
different number of Green Star points then this could
justify a change in the process described in Green
Star to sky models that are physically more accurate.
In the first two columns of Table 3, the results of the
assessments using the Uniform Cloudy Sky and the
CIE Cloudy Sky are presented. The data is presented
as a proportion of the floor areas in each building

The third column of data has been constructed to be
as close as possible in format to the previous two. In
3DS Max®, the Perez sky model (Perez, et. al., 1993)
is a general modeller. It takes as input the generic
EnergyPlus (TMY) format weather file for a location
and calculates for each hour of the year a sky which
is as close as possible a representation of the mix of
direct sun and diffuse cloud obscured light at that
time.
The approach that was adopted to produce a
comparable Perez ‘cloudy’ day to the Uniform sky
was to inspect the weather file and locate typical
cloudy times when diffuse daylight dominated the
weather file and to calculate an average of these
representative times. The significantly higher DFs for
three of the buildings with the Perez model, indicates
that this process has produced a ‘cloudy’ sky with
much more sidelight than either of the conventional
models. It seems likely that the CIE column results
would be very much more like those in the Perez
model if the selection was made of appropriate
cloudy skies from the 5 cloudy skies out of the 15
CIE sky models rather than the simple single CIE
cloudy sky.
Cloudy and Sunny - The alternative assessment
The Green Star alternative assessment approach
requires the number of sunny and cloudy days for
March, June and December to be accounted for. This
information is not readily available. A search was
conducted within the National Institute of Weather
and Atmospheric science (NIWA) CliFlo database
for sunshine hours. The time between 8.00am and
5.00pm was selected and a calculation was made of
what is a ‘sunny’ or ‘cloudy’ day. It was assumed for
the purpose of this research, that times that are not
sunny are completely overcast. In reality, and thus in
Green Star, this does not take into account all the
variations between these two extremes.
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The percentage of sunny hours for the month was
converted into whole days. “Since the Daylight
Factor method cannot account for the dynamic
variations in daylight illuminance, for places where
non-overcast days occur more frequently, the actual
lighting energy savings due to daylighting schemes
may not be accurately computed” (Li, 2007).
The sunshine hours in Wellington between the times
of 8.00am and 5.00pm are listed in Table 4.
Table 4 & 5
Assumed Sunshine hours for Wellington

Mar

ESTIMATED	
  SUNNY	
  
DAYS	
  PER	
  MONTH
20

ESTIMATED	
  CLOUDY	
  
DAYS
11

Jun

8

22

Dec

16

15

Mar

TOTAL	
  
SUNSHINE	
  
158.5

HOURS	
  PER	
  
MONTH	
  
248

%	
  OF	
  SUNNY	
  	
  
DAYS	
  
64%

Jun

64

240

27%

Dec

127.9

248

52%

The CIE Clear sky model and CIE Overcast sky
model, like the Uniform sky can only represent one
type of sky, but due to their gradient of light from the
horizon to the zenith, they represent a sky that is
physically more correct. The alternative assessment
calculates the overall Daylight Factor as a weighted
average of the CIE Clear and the CIE Cloudy day
DFs. The weighting factor for each is the proportion
of the skies which are ‘sunny’ or ‘cloudy’ in Tables 4
and 5. The full process calculates the sunny DF as an
average of the 9am, midday and 3pm DFs for sunny
days in March, June and December. Each month’s
DF is then combined with the cloudy day DF
according to the proportion of sunny / cloudy days
that month. For March then the DF calculation would
be (20 x DFsunny + 11 x DFcloudy). These three months
are then averaged again to provide the one overall DF
to compare to the Green Star criterion.
The Perez sky model is theoretically the most general
of all the skies tested; able to calculate luminance
distributions not just for cloudy and sunny but for
mixed skies. To fit into the alternative assessment
framework it had to be set to simulate an overcast
sky for a time identified as cloudy; and to simulate a
clear sky for times identified from the weather file as

sunny. The resulting DFs for the various times and
months were incorporated into the weighted DF
calculation explained above.
The results of these CIE and Perez simulations are
shown in Table 6. Green Star daylight points are
awarded for crossing the thresholds of 30%, 60% and
90% above 2.5% DF of the net lettable area.
Table 6
Sunny + Cloudy Skies –Alternative Assessment
percent floor area >DF2.5% (Green Star Points)
BUILDING

UNIFORM
RADIANCE	
  

CIE	
  SKIES
3DS	
  MAX

PEREZ	
  
3DS	
  MAX

Building	
  1

52%	
  (1)

59%	
  (1)

78%	
  (2)

Building	
  2

76%	
  (2)

93%	
  (3)

95%	
  (3)

Building	
  3

38%	
  (1)

56%	
  (1)

69%	
  (2)

Building	
  4

74%	
  (2)

71%	
  (2)

90%	
  (2)

Building	
  5

29%	
  (0)

29%	
  (0)

37%	
  (1)

It might at first be thought that incorporating the
sunny conditions into the calculation process would
produce daylight levels that are much higher than is
possible with the Uniform cloudy sky. However, the
data is presented as the DF ratio of indoor and
outdoor illuminance. Outdoors in the direct beam of
sun, the illuminance can be up to 100+klux; inside a
well-designed office, the illuminance will be 0.31klux; a DF of 0.3-1%. Calculating the DF on sunny
days is widely deprecated (Moore, 1985). This is
because on sunny days the distribution of light inside
a room is significantly asymmetrical from minute to
minute if the sun is shining inside the room. An
average DF makes little sense unless the daylight
aperture is perfectly diffusing to reduce this
directional effect. However, to examine the likely
impact of this method on the Green Star score, the
process was followed as described in the Technical
Manual.
Figure 3 illustrates the trends of the results from
Table 6 of the three sky models for the five buildings.
The CIE sky models have a higher percentage of
floor area above the Daylight Factor than the
Uniform sky for all except one of the buildings. The
Perez sky when compared to the Uniform sky was
higher by at least 7.8% and at most was at a
difference of 30.5%. Beyond this, the pattern(s) of
relationship between the calculation methods is
however no more obvious than in Table 6.
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Figure 3: Sunny + Cloudy Skies –Alternative Assessment percent floor area >DF 2.5% (Green Star Points)
Each calculation was timed for every building run
and the comparison in results is shown in Table 7.
Table 7
Difference in time to calculate each sky
BUILDING

UNIFORM
CLOUDY
RADIANCE	
  	
  

CIE	
  SUNNY	
  +	
  
CLOUDY	
  
3DSMAX

PEREZ	
  
SUNNY	
  +	
  
CLOUDY	
  
3DSMAX

Building	
  1

1	
  min

20	
  mins

30	
  mins

Building	
  2

2	
  mins

40	
  mins

50	
  mins

Building	
  3

9	
  mins

150	
  mins

180	
  mins

Building	
  4

5	
  mins

90	
  mins

130	
  mins

Building	
  5

3	
  mins

50	
  mins

80	
  mins

The alternative assessment process splitting the CIE
or Perez sky into clear and overcast skies greatly
increases the time it takes to calculate the Daylight
Factor. The Uniform sky deals only with an idealised
‘cloudy’ sky. In order to account for sunny skies,
each CIE/Perez sky based alternative assessment
requires nine runs for three times of the day and three
times of the year. For the cloudy sky, only one DF
factor calculation suffices for the whole year. In the
Perez model, based as it is on real weather data, the
absolute values at 9am in June will be different than
midday in June and even more different at 9am in
December. However, as all the cloudy day models
are perfectly diffuse, the DF as a ratio of inside to
outside illuminance will be the same at all times. The
single CIE/Perez sky calculation time therefore needs
to be multiplied by 10. This produces a large time
difference compared to the Uniform sky. These
calculations can run by themselves, but settings still
need to be changed and data exported for each run.

As it is only the calculation that is time consuming,
the only justifications of using the more accurate
skies are the results and their effect on the design
process. “Currently, most daylight simulation
applications work with simplified (e.g. uniform,
isotropic) sky luminance models. The standard sky
models created by using these tools do not represent
the actual state of daylight availability accurately”
(Spasojevic & Mahdavi, 2005). There are at least
four reasons why a change in sky model might be
considered:
1) The alternative assessment is recognition
that the cloudy sky is a caricature of reality.
2) Analysing direct sun in terms of Daylight
Factors is widely considered to risk
providing misleading design information.
3) The Uniform sky overestimates light levels
encouraging under-glazing and
thus
inadequate daylight..
4) Analysing Cloudy and Sunny skies does not
deal adequately with the many mixed skies.

CONCLUSION
The CIE cloudy sky models gave significantly higher
Daylight Factor readings than the Uniform sky for
three of the five buildings studied. For the Perez
cloudy sky, four of the five buildings had
significantly higher DF.
When the alternative assessment is used to account
for direct sunlight, four of the five buildings are
shown to have higher DFs with both CIE and Perez
skies. For the Green Star rating tool daylighting point
score to change, a consistent difference in daylight
levels result of 30% is required. This large difference
was observed for two of the five cases.
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Although the five case studies had varying levels of
daylight complexity and hence interaction with direct
sunlight and diffuse skylight, it was not possible to
detect a trend related to a particular type of building.
The problem highlighted by this research derives
from the assumption embedded in the often
suggested use of an overcast sky as a worst-case
scenario: “the Daylight Factor (DF) calculated using
a Uniform Design Sky will almost always be higher
than that calculated using an overcast sky” (NZGBC,
2009).
This key assumption has been proven incorrect. As a
result, if the process is used to optimise building
design then the windows in side-lit office buildings
will be made larger than they need to be. This risks
the building being operated in a manner counter to
the design intent with higher lighting energy and
cooling energy use. There is of course the potential
that the difference observed is not the sky model but
the software used – Radiance for the Uniform Sky
and 3DS Max® for the other models. This remains to
be confirmed, but does not invalidate the conclusion
that the Uniform sky model and the alternative
calculation weighted clear sky estimation method
have sufficient flaws to suggest a review is needed.
The Perez model capability of the 3DS Max®
software points to an obvious solution: run the
daylight simulation for all the daylight hours in a
year. The increased accuracy of sky representation in
the alternative assessment already comes at a
considerable cost in time. The standard TMY
weather file provides input for each hour of the year
of the real sky luminances. This is 3285 hours in an
8am-5pm working day. With this richness of data,
statistical analysis of glare as well as illuminance is
easy. However, time for calculation now ranges
between 7 and 42 days! The Daylight Coefficient
approach of the DaySim/Radiance software solves
this time of calculation problem by simplifying the
sky modeling process. (Reinhart et al, 2006).
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