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Introduction and Background 
This paper analyzes the relative distribution of annual 
saturation and contrast effects of discomfort glare in a 
deep open-plan office. A previous comparative study has 
shown that while hybrid glare metrics were found to 
predict glare well in most scenarios occurring in the 
investigated datasets, contrast-driven glare metrics 
predict discomfort glare better than saturation-driven 
metrics in daylit conditions when vertical illuminance is 
lower than 3000 lux; and saturation-driven glare metrics 
outperform the contrast-driven metrics when vertical 
illuminance is above 3000 lux. The focus of this paper is 
to determine the potential effects of contrast-driven and 
saturation-driven glare across the floor plan, simulating 
annual hourly vertical illuminance (Ev) and contrast 
(log_gc) were simulated in 8 view directions with a grid 
spacing of 0.75m, at a typical eye level of 1.2m, for 
daylight hours in the context of Geneva, Switzerland. To 
identify viewpoints where saturation and contrast effects 
of glare dominate, a synthetic and versatile spatial 
visualization approach was established. A new simulation 
method allowed us to calculate detailed annual saturation 
and contrast metrics in a reasonable timeframe. Results 
show that high contrast lighting conditions occur far more 
frequently than high saturation conditions except for a 
narrow area near the façade. 

Key Innovations 
• For the first time, we compared the relative 

distributions of annual saturation and contrast 
effects of glare in a deep open-plan office vs. 
past laboratory studies • We explored the impact of building orientations 

Visual comfort is often achieved by avoiding discomfort 
in one’s field of view - and one contributing factor is 
discomfort due to glare. The International Commission on 
Illumination (CIE) defines glare as a “condition of vision 
in which there is discomfort or a reduction in the ability 
to see details or objects, caused by an unsuitable 
distribution or range of luminance, or by extreme 
contrasts” (CIE, 1983). Unlike disability glare, which 
impairs the vision of objects mostly through intraocular 
scatter (Stiles & Parsons, 1929; Van Den Berg, 1991), 
discomfort glare has been defined by the CIE as “glare 
that causes discomfort without necessarily impairing the 
vision of objects” (CIE, 1983). The first discomfort glare 
indexes were concerned with street-lighting (Hopkinson, 
1940) and were modeled after disability ‘glare constants’ 
(Holladay, 1926). The study of the factors contributing to 
discomfort glare in buildings began in the 1950s at the 
Building Research Station in England (Petherbridge & 
Hopkinson, 1950). Building on these initial studies, new 
glare metrics, such as Daylight Glare Index (DGI), CIE 
Glare Index (CGI), Unified Glare Rating (UGR), and 
Predicted Glare Sensation Vote (PGSV), were developed 
by conducting user studies mainly under electric lighting 
conditions. (Chauvel et al., 1982; Einhorn, 1969; 
International Commission On Illumination (CIE), 1995; 
Tokura et al., 1996) At the beginning of the 21st century, 
dedicated user studies in controlled daylit office 
environments were conducted, resulting in the 
formulation of Daylight Glare Probability (DGP) 
(Wienold & Christoffersen, 2006): 

$ DGP = a ⋅ E! + b ⋅ log"# *1 + ∑( !,#      
$  - + c) 

 
 

and urban obstruction on glare effects 
• We achieved spatial visualizations of where 

saturation or contrast effects of glare occur 
across the floor plan using a new optimized glare 
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(1) 
simulation software, Raytraverse (Wasilewski, 
2020) 

Practical Implications 
This paper informs researchers and practitioners of the 
potential saturation and contrast effects of discomfort 
glare from viewpoints in an open-plan office, simulated 
with an EnergyPlus Geneva weather file (.epw). Do note 
that the results of this study are limited to the Geneva 
climate. 

where L!,# refers to the luminance of the glare source for the i-th 
glare source, ω!,# refers to the solid angle of the glare source in 
steradians,  and  P!,#  refers  to  the  position  index  of  the  glare 
source. E% refers to the vertical illuminance, and the constants 
are defined as: a = 5.87 ⋅ 10&', b = 9.18 ⋅ 10&( and c = 0.16. 
Although still not well understood, discomfort glare can 
occur due to excessive brightness, known as the saturation 
effect, or due to an excessive disparity of luminance of a 
glare source to the adaptation level of the eye, termed the 
contrast effect The four main factors of discomfort glare 
that   contribute   to   saturation   and   contrast   are    the 
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luminance, the size of the glare source, the position of the 
glare source, and the overall illumination (Pierson et al., 
2018a). Discomfort glare prediction metrics usually 
account for either the contrast effect, the saturation effect, 
or both. A cross-validation study across a combined 
dataset of 6 laboratory studies emulating typical daylit 
offices established that a hybrid metric DGP which 
accounts for both saturation and contrast effects, as seen 
in (1), is a relatively reliable performing metric thus far in 
predicting glare (J Wienold et al., 2019). Despite this, 
DGP may not predict glare well in some scenarios that 
differ significantly from the development scenarios of 
DGP, as the relative weight between contrast and 
saturation may not be a good fit in extrapolation. 
Although such hybrid glare metrics work quite well in a 
large range of settings, there is room for improving their 
applicability in some scenarios, especially dimmer 
environments with a medium to large glare source. Such 
scenarios occur for example, where there are roller shades 
with sunlight coming through them and also in open-plan 
office spaces where the range of vertical illuminances 
may be much lower than those occurring in laboratory 
studies. (J. Jakubiec et al., 2020; Konis, 2014; Mangkuto 
et al., 2017; Pierson et al., 2019; Konstantzos & 
Tzempelikos, 2017). Researchers have investigated glare 
in open-plan offices through post-occupancy evaluations 
(POEs) and found DGP to be insensitive to glare reported 
in deep open-plan offices. Based on the Unified Glare 
Rating (UGR), Hirning et al. (2014) proposed the 
contrast-driven Unified Glare Probability (UGP) metric to 
target conditions prevalent in open-plan offices: 

(e.g. POEs) on the likely effects of glare in different zones 
of typical office spaces. 

Methodology 
In this paper, we simulate and visualize both the 
saturation and contrast effects of glare annually in an 
example open-plan office in the context of Geneva, 
Switzerland, as shown in Figure 1. It was modeled for a 
post-occupancy study after a real office space located in 
Singapore (J. Jakubiec et al., 2020; J. A. Jakubiec et al., 
2018; Quek & Jakubiec, 2019) and in this paper, we use 
it as an example open-plan office. It has a window-to-wall 
ratio of 0.55 and a 0.4m external overhang. 1278 
viewpoints at an average eye level (1.2m from the floor) 
were evaluated across the floor plan in a .75m grid 
spacing each with 8 view directions (vertical orientation, 
no z-component, see Figure 2). For each of these 10,224 
views, hourly values (8,760 hours) were simulated. For 
the saturation effect (hourly Ev), twelve variations were 
simulated, consisting of four orientations (north, south, 
east, and west) and three levels of urban obstruction (0, 
30, and 60 degrees). The degree of urban obstruction is 
the angle measured from the floor of the office to the 
tallest point of the external urban obstruction. For the 
contrast effect, the four orientations were simulated with 
only the 0-degree urban obstruction due to much longer 
computation times required for simulating luminance 
maps. 

, 
L( ω 
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where L+ refers to background luminance. 

!,#  
(2) 

Thus far, laboratory studies typically collect glare 
evaluations with higher overall adaptation levels (higher 
Ev), which is also where saturation glare is more likely to 
take place. For example, in the developmental dataset of 
DGP, the user studies had a mean Ev of 3400 lux and a 
maximum of 11300 lux. If we compare this to evaluated 
scenarios in open-plan offices, which have a lower mean 
Ev of 445 lux, it becomes apparent that there is a 
discrepancy of adaptation levels in laboratory studies 
compared to that of open-plan offices (Pierson et al., 
2019). Therefore more research is needed to ascertain the 
relative contributions of both glare effects in lower light 
scenarios. 
In terms of application in a deep open-plan office, the 
overall adaptation level/brightness of the workspace 
changes considerably across the space depending on the 
distance from the façade. Therefore, in this study, we aim 
to investigate the difference in the distribution of 
saturation and contrast effects in an example deep open- 
plan office space in comparison to past studies in 
controlled laboratory setups, as well as the impact of 
orientation and degree of urban obstruction on the 
distribution. The spatial visualization of the potential 
dominating effects of glare may also guide future research 

 
Figure 1: Floor plan of the example open-plan office 

simulated 
 

Figure 2: 8 viewing directions per viewpoint spread in a 
0.75m grid spacing across the floor plan 
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Simulating annual saturation (hourly Ev) and 
contrast (hourly log_gc) 
To compare the relative frequency of high-saturation and 
high-contrast scenarios in the open office model, 
comparable metrics and associated thresholds are needed. 
The first metric candidate for the contrast effect is UGP, 
however, given that UGP was developed in an open-plan 
office environment and is generally understood as a 
contrast-driven metric, it might seem like a suitable 
candidate for understanding contrast-driven discomfort 
glare. However, there are several reasons why it is 
unsuitable for our goal of distinguishing between contrast 
and saturation-dominated zones. First, while in lower 
saturation scenarios UGP is contrast-driven a careful look 
at the UGP equation (2) reveals that as brightness scales 
linearly, UGP increases with a logarithm of the scale 
factor. Therefore, in bright scenarios, established 
thresholds, developed from/for dim scenarios may not be 
meaningful. Second, the method of subjective evaluation 
used in the derivation of UGP is different from other 
laboratory-developed metrics. Participants marked a glare 
source on a view diagram indicated that a scene was 
uncomfortable, so UGP cannot be directly compared to 
the Osterhaus’ 4-point survey questionnaire (Osterhaus & 
Bailey, 1992) that was used in most of the past laboratory 
user studies, as well as that used to develop other metrics. 
It should be noted that for repeatability and consistency of 
datasets, standardized glare evaluation methods should 
also be considered in future research in the field of user 
studies in lit environments (Fotios, 2019). Finally, UGP 
uses background luminance as the term to represent 
adaptation level and in cases where the glare source 
contributes most to the adaptation level of the eye, the 
background luminance may be too low. It is also shown 
that vertical illuminance, Ev, may serve as a better gauge 
for the adaptation level of the eye as it correlates well with 
the pupil size (Bay et al., 2017). 
Among established glare metrics, DGP comes closest to 
having two empirical glare terms that have minimal 
collinearity (1). Without their coefficients, the two terms 
in the DGP equation (1), can be reported almost 
independently to describe the saturation effect, measured 
by Ev, and the contrast effect, measured by the logarithmic 
glare contrast term, log_gc, which only logarithmically 
increases with luminance by the power of 0.13, compared 
to UGP where the contrast term logarithmically increases 
with luminance by the power of 1. Without an established 
threshold to rely on, we selected 0.5 as the demarcation 
between high and low contrast. A log_gc of 0.5 will 
contribute 0.046 to DGP, suggesting that even in high Ev 

scenarios contrast is a potentially significant component 
of discomfort glare (a ∆DGP of ~ 0.05 relates to an 
increase of a glare category). An Ev value of 3000 lux was 
chosen as it corresponds to the “noticeable” threshold  of 
0.34 DGP, ignoring the contrast term. 
Table 1 lists the material properties and simulation 
parameters used in the model. An EnergyPlus weather file 
for Geneva, Switzerland was used for the simulations. 
Daylit hours were defined as when the global horizontal 
irradiation is more than 20 W/m2, resulting in a total    of 

3,955 daylit hours. To visualize the potential for 
saturation glare, hourly Ev values for daylit hours were 
simulated and then used to calculate the percentage of 
hours where Ev > 3,000 lux. To simulate hourly Ev for all 
twelve variations of the model, we used the GPU-based 
ClimateStudio, based on the validated physically correct 
ray-tracing simulation software, Radiance (Ward & 
Shakespeare, 2004). 

 

Interior 
surfaces 

Rdiff (%) Rspec (%) Tvis (%) 

Floor 20 0 0 
Ceiling 70 0 0 

Walls, Parapet, 
Columns 

50 0 0 

Tabletop 35.7 2.0 0 
Cabinet 44.2 1.0 0 

Mullions 19.2 3.4 0 
Glazing 0.0 13.5 75.4 
Cubicle 

partitions 
14.3 0 0 

Radiance 
parameters 

ClimateStudio: (64 rays per pass) 
-ab 6 -ad 1 -as 0 -lw 0.01 -aa 0 
Raytraverse Sky: (using rcontrib) 
-ab 7 -ad 1 -as 0 -lw 1e-6 -st 0 
Raytraverse Sun: (using rtrace) 
-ab 7 -ad 1 -as 0 -lw 0.01 -dt .05 -aa 0 
Additionally, for all three simulation 
types each ray is simulated with 100 
passes and the results are averaged. 

Table 1: Radiance materials and parameters used in the 
simulations 

 
To derive log_gc values through conventional Radiance 
visualizations would have required 90 million individual 
visualizations per variation – translating to a very long 
simulation time. Even when we only consider simulating 
for 3955 daylit hours, approximately 40 million 
visualizations per variation are needed, which adds up to 
about 485 million visualizations in total – we found this 
task to be intractable with available software and our 
available computing resources. Therefore, instead, we 
relied on a tool currently in development that allows 
making the simulation tractable and that, like 
ClimateStudio, relies on Radiance. The in-development 
tool, named Raytraverse (Wasilewski, 2020), works by 
combining a daylight coefficient approach with an 
adaptive sampling of the view sphere from each point to 
minimize the number of rays needed to accurately 
compute lighting quantities and metrics. Daylight 
coefficients are computed using rcontrib and are used to 
guide the adaptive sampling of the direct sun’s 
contribution. Results are directly integrated by using each 
ray’s effective solid angle. Applied to this model, the 
1278 points use an average of 9,500 samples. Figure 3 
illustrates examples of the luminance map simulations 
using Raytraverse and Radiance. Glare sources were 
detected based on a 2,000 cd/m2 luminance threshold, a 
value that is approximately 10 times that of a typical 
computer  screen  (150-200  cd/m2);  it  was  found  as  a 
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reasonable threshold for glare source detection (Pierson et 
al., 2018b). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3: Examples of luminance map simulations using 
Raytraverse versus conventional Radiance simulations 

Glare sources (rays or pixels > 2,000 cd/m2) are colored 
magenta 

 
Results 
Distribution of Ev and log_gc in comparison to past 
studies 
To visualize how annual data points in a typical open-plan 
office model compares to past data points from user 
studies, Figure 4 shows a contoured normalized density 
plot of simulated data points in the example deep-open- 
plan office model during daylit hours, in comparison to 
data points from a compilation of past laboratory user 
studies from 2008-2016 (Quek et al., 2021; J Wienold et 
al., 2019). 

log_gc of a sample of the data points in the open-plan 
model simulation (all 4 orientations and no urban 
obstruction), in comparison to that of past laboratory 
studies. Density was estimated from a uniform random 
sampling of 500 samples per point (N = 460,775 (Note: 
178,225 data points omitted after limiting log_gc > 0 and 
Ev > 1) The cluster of points at log_gc > 3 and Ev > 5000 
lux are views where the sun is directly visible. 
The contour density plots show that the collected data 
from past studies are concentrated in brightly lit scenarios 
with Ev between 1000 to 10000 lux, whereas our 
simulated data ranges from 100 to 10,000 lux, with the 
highest concentration between 500 and 2,000 lux (Figure 
4). Past studies have a concentration of log_gc values 
between 0.125 to 0.25, while the highest concentration of 
simulated data ranges from 0.0 to 0.9. To visualize the 
lighting condition that each viewpoint experiences 
throughout the year, hourly data from all four orientations 
without urban obstruction was binned into 4 categories: 

i. Ev > 3000 & log_gc ≤ 0.5 [High Ev] 
ii. Ev ≤ 3000 & log_gc > 0.5 [High log_gc] 

iii. Ev ≤ 3000 & log_gc ≤ 0.5 [Both low] 
iv. Ev > 3000 & log_gc > 0.5 [Both high] 

To visualize the dominant condition at each view, 
viewpoints are colored according to the category that 
occurs most frequently in Figure 6. Note that no view 
directions fall into the fourth category, which does not 
mean that high Ev and high log_gc never occur 
simultaneously, but instead that it is never the most 
common condition for any view direction. Figure 5 shows 
the same information but sorted by building orientation, 
from which it can be inferred that building orientation 
only minimally affects the results, except for a slight 
reduction in viewpoints with high Ev when oriented to the 
north. 

% view dir where category occurs most frequently 
100% 

 
90% 

 
80% 

 
70% 

 
60% 

 
50% 

 
40% 

 
30% 

 
20% 

 
10% 

 
0% 

North South East West 

[High Ev] Ev > 3000 & log_gc ≤ 0.5 
[High log_gc] log_gc > 0.5 & Ev ≤ 3000 
[Both low] Ev ≤ 3000 & log_gc ≤ 0.5 

Note: No view directions have Ev > 3000 & log(gc) > 0.5 as their most frequent 
category 

 
 
 
 

Figure 4: Contoured normalized density plot (density 
estimate from 0.1 to 1) showing the distribution of Ev and 

Figure 5: Stacked bar plot showing the percentage of 
space where 4 categories of luminous conditions 

(high/low Ev and high/low log_gc) occur most frequently 
for each of the 4 orientations with no urban obstruction, 

matching the data in Figure 5. 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

55% 

  
 
 
 
 

54% 

  
 
 
 
 

54% 

  
 
 
 
 

53% 

 
 
 
 
 
 
 
 
 
 

   
   
   
   

 
 
 
 

39% 

  
 
 

38% 

  
 
 

38% 

  
 
 

39% 
   
   
   

6%  8%  8%  8% 

 

________________________________________________________________________________________________

________________________________________________________________________________________________ 
Proceedings of the 17th IBPSA Conference 
Bruges, Belgium, Sept. 1-3, 2021

 
2573 

https://doi.org/10.26868/25222708.2021.30514 



 

 
 Cat (i)  Cat (ii) Cat (iii) 

 
Figure 6: Spatial visualization where viewpoints are binned and colored by their most frequent lighting condition 

annually during daylit hours, for all 4 orientations with no urban obstruction. 
 

The absence of high frequencies of glare such as in 
category (iii) may not mean that these workspaces are 
sufficiently daylit. Hence, to analyze visual comfort along 
with the sufficiency of daylight provision in the open-plan 
office, Figure 7 illustrates the 5 zones of typical lighting 
conditions, coupled with the averaged daylight autonomy 
(DA) (at 300 lux threshold horizontal illuminance) for all 
four orientations without urban obstruction. Starting from 
the façade, there is a red zone where saturation effects of 
glare commonly occur, but with sufficient horizontal 
illuminance. This is followed by a comfortable zone 
(grey) where both glare effects do not commonly occur 
and with sufficient horizontal illuminance. The next zone 
(light purple) tends to experience contrast glare while still 
having sufficient horizontal illuminance. The following 
zone  (dark  purple)  tends  to  experience  contrast  glare 

while horizontal illuminance is insufficient. The last zone 
(dark grey) is where glare is neither expected nor is there 
sufficient horizontal illuminance. Figure 8 illustrates the 
percentage of annual daylit hours where either brightly lit 
scenarios (Ev > 3,000 lux) or high contrast scenarios 
(log_gc > 0.5) can be found in the viewpoints, across all 
building orientations with 0 degrees of urban obstruction. 
This will also depend on the degree of urban obstruction 
as well as the building orientation, as seen in Figure 9. For 
example, the same south-facing model with 60 degrees of 
obstruction will result in the least percentages of view 
directions with high frequencies of brightly lit scenarios, 
usually situated along the façade. It should be noted that 
the degree of urban obstruction seems to affect the 
percentages of view direction facing saturation glare 
effects more than the orientation of the building. 

 

 
 

Cat (i), DA300lux>50% Cat (iii), DA300lux>50% Cat (ii), DA300lux>50% Cat (ii), DA300lux≤ 50% Cat (iii), DA300lux ≤ 50% 

Figure 7: Schematic plan showing five zones of lighting conditions, the result of coupling the three occurring glare 
condition categories with daylight autonomy results (300 lux). Points are assigned to categories (i) or (ii) if at least two 

view directions have high Ev or log_gc respectively as their most frequent condition. 
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% Daylight hours log_gc > 0.5 0 25 50 

Figure 8: Spatial visualization illustrating the frequency 
of annual saturation (top) and contrast effects (bottom); 

Ev and log_gc for all orientations, 0 degrees of urban 
obstruction 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 9: Percentage of view directions where the 
saturation effect of glare potentially dominates (where 
Ev > 3000 lux for more than 50% of daylight hours). 
Values are calculated based on the ClimateStudio 

results. Error marks on the 0° obstruction show the 
results from Raytraverse. Further study is needed to 

understand whether the difference in results is 
significant. 

 
Discussion 

We found a significant amount of space (i.e., of view 
directions across the space) where high contrasts (log_gc 
> 0.5) and low vertical illuminances (Ev < 3000 lux) are 
anticipated annually. These scenarios tend to have vertical 
illuminances around 500 to 2000 lux, which typically 
result in a lower adaptation level of the eye, and ultimately 
in a significant risk of glare caused by the contrast   from 

views to the sky or bright objects. As seen in Figure 8, 
high levels of contrast are expected to occur deep into the 
open-plan office, starting from around 5 meters from the 
façade. In these scenarios, contrast-driven metrics are 
likely to predict glare better than saturation-driven ones. 
Hybrid metrics, while being sensitive to both effects, 
should still consider modifications to account for the 
stronger contrast effect of glare in these scenarios. How 
important this modification is and how to implement it 
practically in hybrid metrics will require conducting 
further studies. We should note that a visually 
comfortable zone is often found around 2-5 meters from 
the façade, and in an ideal scenario, designers may aim for 
this zone to be larger. However, as this paper aims to 
showcase the most commonly found saturation vs. 
contrast scenarios, we chose to represent the most 
frequent type of glare scenario (saturation/contrast) from 
each viewing direction, which should be clearly 
distinguished from glare recommendations; such as in the 
European Standards for daylighting (European 
Committee for Standardization CEN, 2019) where the 
95th percentile of glare metrics during occupied hours 
should not exceed 0.4 DGP. 
The open-plan office simulations represent a large range 
of contrast and saturation conditions of which past 
laboratory studies only represent a small subset (Figure 
4). To better understand subjective glare response in these 
underrepresented regions, researchers doing user studies 
should consider collecting subjective data in low 
saturation, high contrast scenarios. This additional data is 
necessary to extend the valid range of existing glare 
metrics. For example, DGP currently gives a low weight 
to the contrast term, log_gc, which may not capture 
discomfort glare in low light scenarios. Besides, 
saturation-driven glare metrics such as the simplified 
version of DGP, DGPs, which is based only on Ev, should 
only be used very near the façade, where the frequency of 
saturation effects is higher. More measurements along 
with subjective data are necessary to determine the impact 
of the contrast effect on discomfort glare experienced by 
people, and perhaps a cut-off threshold for log_gc can be 
determined and proposed in future research to predict 
discomfort glare in dim, high contrast scenarios. 
One of the practical limitations of this study is that electric 
lighting and blinds were not simulated, both for simplicity 
reasons and to isolate daylighting effects on glare. As a 
result, contrast effects deep into the space may in reality 
be lower than what is anticipated from the simulations 
with the inclusion of electric lighting. As user-controlled 
or automated dynamic blinds or shading devices were also 
excluded from our simulations, the amount of daylight 
penetrating the space is likely to have been over- 
estimated, as is the frequency of high Ev conditions. 
Further research on each of these aspects is thus needed 
before working towards a more integrated approach 
including daylighting, electric lighting, and shading 
systems. Different material choices for the office and its 
furniture, including the overall reflectance and specularity 
could influence the contrast and brightness of the different 
areas. Other climates will also influence the  distribution 

% Daylight hours Ev > 3000 lux 0 25 50 
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of high and low saturation versus contrast – probably to a 
greater extent – though in this study, we have only 
considered the Geneva climate, i.e., a temperate climate. 
The same workflow can of course be applied to other 
climates (such as tropical climates near the equator, for 
which the example office used as a case study was 
designed, as it is located in Singapore). 
Looking at the variation across orientation versus urban 
obstruction (for which we only have Ev data), it appears 
that the level of urban obstruction is a bigger factor than 
orientation on the percentage of view directions with 
frequent high Ev conditions (Figure 5). Due to simulation 
time constraints, log_gc was only simulated for one urban 
obstruction scenario. Because of the way Raytraverse is 
implemented, it is faster to calculate additional 
orientations than geometric options. For the zero 
obstruction scenario, the rate of log_gc was found to be 
relatively constant across orientation, because from these 
deeper viewpoints the contrast is predominantly driven by 
the apparent size and distribution of views to the sky, 
which is not dependent on building orientation. We expect 
that urban obstruction will substantially reduce these high 
contrast views, although additional work is needed to 
confirm. 
For the first time, we simulated the two effects of glare 
over a large area, as annual measurements or simulations 
were not feasible before. A zone of comfortable 
workspaces would probably be sufficiently daylit and 
without high frequencies of glare, and we attempted to 
convey this through a schematic plan (Figure 7). The idea 
of a comfort zone is not new; it has been brought up 
several times in past spatial metrics such as Useful 
Daylight Illuminance (UDI) (Nabil & Mardaljevic, 2006), 
or the Spatial Daylight Autonomy (sDA) coupled with 
Annual Solar Exposure (ASE) in the IES LM-83 standard 
(IESNA, 2012), or more recently, in the new European 
Standard EN17037 combining DGP and DA (European 
Committee for Standardization CEN, 2019). However, in 
recent post-occupancy studies, researchers also found that 
discomfort glare can also occur when horizontal 
illuminance is low in deep open-plan offices (Hirning et 
al., 2014; J. Jakubiec et al., 2020). Hence, we begin to 
reveal several zones coupling discomfort glare and 
daylight provision in this paper. As is the case for other 
metrics, the exact thresholds that demarcate the zones will 
have to be corroborated by onsite measurements and 
occupants’ responses to formulate reliable, robust, and 
repeatable glare risk and daylight provision evaluation 
methods. 

Conclusion 
This paper analyzed the frequency distribution of 
saturation and contrast effects of discomfort glare across 
space in open-plan offices, using a synthetic and versatile 
spatial visualization approach involving both 
conventional and in-development lighting simulation 
software. Faster simulations using Raytraverse have 
allowed us to look into annual hourly contrast, across a 
large open office floor plan for many points and view 
directions, kickstarting the generation of highly  granular 

plan-based data visualizations of luminous conditions 
responsible for discomfort glare. The results show an 
observable variation of saturation and contrast effects of 
glare in a deep open-plan office, indicating where 
saturation-driven, contrast-driven and hybrid glare 
metrics could predict glare best in distinct zones. We 
found a significant zone with a lower frequency of 
saturation effects and a higher frequency of contrast 
effects annually. This highlights the importance of taking 
into account the risk of glare experienced in areas further 
away from the façade, typically subjected to contrast- 
driven discomfort glare. The size of the zones was found 
to differ based on urban surroundings and, to a lesser 
extent, orientation, but would also depend on other factors 
such as overall office design and floorplan, materials, 
presence of electric lighting, dynamic shading devices, 
climates, and latitudes, etc. Future user studies on visual 
comfort should consider studying dimmer scenes with 
higher contrast glare to expand the datasets presently 
available and improve discomfort glare metrics by 
increasing their applicability to such conditions. 
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