
  

 

Abstract—The circadian rhythms, endogenous cycles that 

repeat almost every 24 hours, must be synchronized by daylight 

stimuli, particularly due to its short wavelength fraction. In this 

way, insufficient exposure to daylight or its spectral equivalent 

in electric lighting can endanger human health.  

The main aim of this research is to develop a methodology in 

which circadian stimulus (CS) values can assist to the choice of 

an office window design, in order to promote a good circadian 

rhythm and to benefit human health and well-being. 

A room model located in Madrid is presented as a study case, 

having different variables such as the window measures or the 

environment reflectance values. 

It is concluded from the results of this study case that CS and 

SPD are highly conditioned by the indoor environment 

reflectance and therefore, also affects to the minimum window 

size. 

 

Index Terms—Circadian stimulus, daylight, window, lighting 

simulation, office. 

I. INTRODUCTION 

Several studies have demonstrated that light affects not 

only visual and thermal comfort in interior buildings [1]-[4] 

but also human health and well-being, including the harmful 

effects of the circadian rhythm disruption on human health 

[5]-[7]. They have been also shown the notable influence of 

light, specifically daylight, on these cycles, given that the 

light perceived by humans greatly influences the melatonin 

regulation, a hormone responsible for synchronizing the 

circadian rhythm [8]. In this way, light does not affect the 

circadian system and the visual system in the same way. The 

threshold for stimulation of the circadian system is higher 

than the visual system due to the greater sensitivity at shorter 

wavelengths of the first one [9], [10]. Moreover, the response 

of the human circadian system to light stimulus is slower. 

Daylight is the most appropriate light source to have a 

good circadian entrainment. Currently, people stay more time 

indoors than outdoors, putting their health at risk. According 

to this, an optimal window design becomes essential, given 

that it does not only benefit human health but also it 

contributes to energy saving by reducing electric lighting 

energy consumption [11]-[15]. 

Therefore, new metrics such as the circadian stimulus (CS) 

have had to be developed. The CS determines levels of 

light-induced nocturnal melatonin suppression after 1 hour of 
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exposure and a 2.3 mm diameter pupil. This metric can be 

quantified using the model of phototransduction proposed by 

Rea et al. [8]. It have been proved in the latest investigations 

carried out by Figueiro et al. [7] that an exposure to a CS of 

0.3 during the morning is suitable for humans to synchronize 

properly the circadian rhythm. 

 

II. OBJECTIVES 

The main aim of this study is to present a methodology 

which serves to determine the window size that is appropriate 

for office workers to receive a suitable CS value, in order to 

promote circadian synchronization, which improves human 

health and well-being. As a study case for this methodology, 

an office located in Madrid and facing north is used to 

generate a calculating model with DaySim tool, analysing the 

influence of different window dimensions.  

As a second objective, this study analyses the impact of the 

reflectance values of the inner surfaces regarding the 

aforementioned window size. 

 

III. METHODOLOGY 

A. Selecting the Room Model 

The office under study is a room 8.0 m wide by 8.0 m deep 

by 3.0 m high. Fig. 1 illustrates all variables of the calculation 

model. A sole 7.0 m long window with a variable height is 

centred in the north façade. The double-leaf window is 0.05 

m thick with a visible light transmittance value of 0.75.  

Calculations were carried out using two inner surfaces 

average reflectance, taking into account a diffuse reflection. 

Not all possible room configurations have been studied at the 

present paper but it aimed to show a typical office as a study 

object. Therefore, 4 models have been calculated as shown in 

Table I. Three different work plane surfaces were selected 

whose reflectance values per wavelength are shown in Figure 

2: white (W), light wood (LW) and light blue (LB). 

B. Selecting the Calculation Conditions 

The location of the virtual office chosen to perform the 

analysis was Madrid, Spain, where clear skies predominate. 

The Spanish National Institute of Meteorology (AEMET) 

SWEC file [16] was selected to define the weather data. 

Table 2 shows the average climate conditions of Madrid [17] 

used to establish the average spectral power distribution 

(SPD). A CIE D90 is considered for blue skies and a CIE D50 

for overcast skies. 

As can be seen in Fig. 3, the average SPD of Madrid is 

lightly higher for short-wavelength than the CIE D65. It is 

also shown the SPDs resultants from the reflection of the 

daylight in the three different work planes. 
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Fig. 1. Office room model. 

 

 
Fig. 2. Resulting spectral power distribution of Madrid. 

 

 
Fig. 3. Average Circadian stimulus for an office room with two inner reflectence values and windows to façade ratios. 
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TABLE I: CALCULATION MODELS ACCORDING TO VARIABLES ESTABLISHED 

 
 

C. Selecting the Calculation Metrics 

 
TABLE II: AVERAGE CLIMATE CONDITIONS OF MADRID 

 

The SPD and the illuminance levels received by workers 

are the variables that condition the CS values produced by 

daylight. CS magnitudes were obtained from the calculated 

circadian light (CLA) values using the equation (1) of the 

model of human circadian phototransduction, carried out by 

Rea et al. [8]. 

        (   
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A CS value of 0.3 during the morning is determined by 

Figueiro et al. [5] as a suitable one in order to have a good 

circadian synchronization. Taking it into account, the 

illuminance thresholds required to promote a CS value of 0.3 

had been calculated from the SPDs shown in Fig. 3 and 

equation 1, as can be seen in Table III. 

 
TABLE III: ILLUMINANCE REQUIRED IN THE WORK PLANE TO PROMOTE A CS VALUE OF 0.3 ACCORDING TO THE RESULTING SPD PRODUCED BY 

DIFFERENT SKY CONDITIONS AND THE REFLECTANCE VALUES OF THE ENVIRONMENT 

 
 

According with illuminance values shown above, it can 

deduced that light blue work plane generates the lowest 

illuminance received at the eye level of workers with which a 

specific CS value is reached. Despite that, a white work plane 

is the optimal surface for the promotion of a suitable CS 

value since it requires a lower illuminance on the work plane 

than the light blue one: 186 lx required by the white work 

plane versus 343 lx required by the light blue. 

D. Selecting the Calculation Program 

DAYSIM 3.1 and Diva for Rhino are tested Radiance – 

based daylighting analysis software that use a daylight 

coefficient approach linked with the Pérez all-weather sky 

model [18] to quantify the amount of daylight, based on 

direct normal and diffuse horizontal irradiances taken from a 

climate file. DAYSIM was developed to provide more 

accurate results than that provided by Radiance in its original 

form. This tool has been tested by several researchers 

[19][20]. Table 4 shows the calculation parameters used by 

this programme in this study. 

The use of this lighting software and dynamic metrics have 

been validated with a study carried out through experimental 

trials with a test cell [21]-[23]. 

 

IV. ANALYSIS OF RESULTS 

Fig. 4 shows the average CS measured at the study points 

under the variables established in the methodology 

previously described. CS values are shown for two different 

window sizes: 30% and 60% of the façade area. The results of 

the calculation model with bright surfaces can be seen in the 

left side of the figure, while the results of the calculation 

model with dark surfaces are in the right side.  

As expected, the closer to the window, the higher the CS 

values are and the further away from the window, the more 

the CS values decrease [10]. As shows Figure 4, there is a 

linear tendency if the CS results from the two different 

windows are compared, although the CS values are not 

directly proportional to the window size. The largest window 

– a 60% ratio – promotes an increase in the average CS value 

of around a 33% compared to the window to façade ratio of 

30%. 

 
TABLE IV: PARAMETERS OF THE DAYSIM 3.1 PROGRAM 

 
 

As can be seen in the room section of the Fig. 4, CS values 

are conditioned by the SPD generated by the environment 

reflectance. A white work plane generates a CS value 

between 5% and 80% higher than the light blue work plane 

and the increase is much greater when it is compared with the 

light wood work plane – between 30% and 305% higher. 
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The results shown in Fig. 4 have been taken into account to 

sum up in Table V the minimum window to façade ratio 

required to promote a suitable CS – that means a CS value 

equal or higher than 0.3. 

As shows Table V, an office with low reflectance levels of 

the inner surfaces or the work plane hardly promoted a CS 

value equal or higher than 0.3 despite the window measures. 

According with that, a light wood work plane (LW) does not 

facilitate the synchronization of the circadian rhythm. Thus, 

it is concluded that the work plane must be white (W) or light 

blue (LB) in order to provide a suitable CS value. 

 
TABLE V:  MINIMUM WINDOW TO FAÇADE RATIO TO OBTAIN AN 

AVERAGE CS VALUE HIGHER THAN 0.3 DURING THE MORNING 

 
 

V. CONCLUSIONS 

An exposure to insufficient CS values compromises 

human health and well-being, so the achievement of an 

appropriate value for this indicator indoors must be consider 

during the building design process.  In this way, this study 

has presented a methodology that allows to optimize the 

windows size in offices, as well as to evaluate the impact of 

the indoor environment reflectance, using as an example a 

study case located in Madrid. 

According with the analysis of results, the CS highly 

depends on window dimensions and reflectance levels both 

of the inner surfaces and of the work plane. In this way, an 

office with low reflectance levels of the environment hardly 

promoted a CS value equal or higher than 0.3 despite the 

window dimensions. It is also deduced from Table 5 that only 

a white or light blue work plane provides a suitable CS value.  

For the variables established in this study and with a white 

work plane a window to façade ratio of 30% is required. In 

conclusion, it can be summarized that environment 

reflectance plays an important role in CS promotion so it 

must be taken into account in architectural design. 
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