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Abstract 

Evaluating the performance of indoor environments from 

the results of daylighting dynamic computational 

simulations is a common and widely accepted practice 

among researchers, designers, and bioclimatic 

consultants. From the radiation data in weather data files, 

these dynamic simulations consider the sky types, which 

are decisive in daylight calculations. However, recent 

studies show great differences between the global 

radiation data from various weather files of tropical 

locations and inconsistencies in the direct and diffuse 

radiation data for each of them. This paper aims to 

compare the results of dynamic computational 

simulations carried out for a hypothetical indoor 

environment according to weather data files used. The 

methodology included the characterization of radiation in 

recent years according to local weather stations, the 

identification of weather data files for this city, the 

characterization of sky types according to measurements 

and weather data files, and their incorporation in the 

parametric computer simulations. The results show the 

considerable differences in the characterization of the 

skies types and in the evaluation of the daylight 

performance of indoor environments according to the 

selected weather data file, opening the discussion about 

the reliability of radiation data in the weather files 

available for the Colombian territory. 

Key Innovations 

• The relevance of this research focuses on the 

need to adjust the precision of the procedures for 

the development of daylight computational 

simulations in tropical locations, so that the 

predictions of the daylighting performance of 

indoor environments are more reliable. 

Practical Implications 

Preliminarily, the results of this research imply the review 

of the results of computational daylight simulation for 

Latin American tropical cities. In addition, it implies an 

urgent revision of the precision of the radiation data in the 

weather files used for daylight simulation. This review 

could even lead to the need to build weather files 

exclusively for daylight analysis. 

 

Introduction 

The use of daylight to guarantee sufficiently illuminated 

spaces without using artificial lighting systems for as long 

as possible is one of the most relevant bioclimatic 

strategies today in Latin America Tropic. Environments 

that are sufficiently lit in a natural way, favour energy 

efficiency, visual comfort, good health of people and 

academic or work productivity (Yu and Su 2015; 

Alrubaih et al. 2013; Pellegrino et al. 2017; Dubois et al. 

2015; Konis 2017). Dynamic simulations to estimate the 

daylighting performance of indoor environments is 

increasingly common. Unlike static simulations, in which 

daylight admission and distribution are estimated for a 

specific moment with a predetermined sky type, dynamic 

simulations use metrics to perform calculations for a 

complete year from weather files. The objective of the 

dynamic simulations is to identify the percentage of time 

or the percentage of space that meets a certain daylight 

objective (Piderit, Cauwerts, and Diaz 2014). The most 

common dynamic daylighting metrics are: Daylight 

Autonomy - DA (Christoph F. Reinhart and Walkenhorst 

2001), Useful Daylight Illuminance - UDI (Nabil and 

Mardaljevic 2005, 2006; Mardaljevic et al. 2012), 

Continuous Daylight Autonomy - DAcon (C.F. Reinhart, 

Mardaljevic, and Rogers 2006), Spatial Daylight 

Autonomy – SDA and Annual Solar Exposure - ASE 

(IESNA - The Daylight Metric Committee 2012). These 

metrics use mathematical models to estimate the 

distribution of luminances in the celestial vault or sky 

type, a basic input for any daylight simulation. With the 

aim of estimating luminance distributions in the sky in a 

more precise way, various investigations have proposed 

models to estimate the sky types based on solar radiation, 

latitude and solar angles. Currently, the Perez All Weather 

Sky Model (Perez, Seals, and Michalsky 1993) is the most 

commonly used by various computational simulation 

programs, as it requires global horizontal radiation, direct 

normal radiation, and diffuse radiation as input (Inanici 

and Hashemloo 2017) and do not require specifying a type 

of sky among 15 options, as well as the CIE model 

(Comission Internationale de l’eclairage - CIE 2003). 

In the Perez All Weather Sky model, the Sky Clearness 

(∈), as shown in equation (1), is calculated from the 

radiation data, the result of which is grouped into 8 

discrete variables that indicate the type of sky, from very 

cloudy, 1, to clear, 8. 

 ∈= [(𝐷ℎ + 𝐼)/𝐷ℎ + 𝑘𝑍3 ]/[1 + 𝑘𝑍3 ]   (1) 

Where Dh is the horizontal diffuse radiation, I is the direct 

normal radiation, k is a constant equal to 1.041, Z is the 

zenith solar angle. 

The weather files used in dynamic simulations contain 

solar radiation data (direct normal and diffuse), essential 

for the virtual construction of sky types with which 

computer simulations are carried out. Despite this, not just 

any type of weather file is useful as they could 

underestimate or overestimate radiation, according to the 

statistical model adopted for its construction, which 

________________________________________________________________________________________________

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

 
965

 
 

https://doi.org/10.26868/25222708.2021.31015



would generate unreliable results (González Cáceres and 

Díaz Cisternas 2013; Iversen, Svendsen, and Nielsen 

2013; Bellia, Pedace, and Fragliasso 2015a, 2015b). 

Weather files are classified according to the statistical 

procedures used for their generation and according to the 

source that generates them. The most common types of 

weather files are: TMY- Typical Meteorological Year, 

from which the TMYx and TMYSynth are derived; IWEC 

- International Weather for International Calculation; 

TRY - Test Reference Year. Among these, TMY and 

IWEC have been shown to be more consistent and reliable 

(Bellia, Pedace, and Fragliasso 2015a, 2015b). Despite 

this, other research shows that due to the construction 

methodology of the weather files, which prioritizes 

thermal variables over daylight ones, these can generate 

large inaccuracies in the results of daylighting simulations 

associated with the consideration of not representative 

direct and diffuse radiation data. The differences in the 

Daylight Autonomy - DA metric, when the TMY-type 

weather files are changed, reached up to 19.6% in some 

cases (Sun, Li, and Xiao 2017). Other researchers 

confirmed this finding after comparing, for Hong Kong, 

radiation data from the weather file with measured data. 

The authors highlighted the notable differences between 

the two sources and concluded that the measurements 

suggest a higher frequency of completely clear and 

completely cloudy skies than those considered in the 

weather file (Wang, Wei, and Chen 2019). 

The importance of this research lies in the need to identify 

the incidence of inconsistencies of weather files in the 

results of daylighting simulations in environments located 

in the Latin American tropics that, as exemplified by the 

annual distribution of global radiation from Figure 1, has 

notable differences with European cities, in intensity, 

monthly variability and distribution in the year. 

Improving the precision of the weather files used for 

daylight is considered to lead to greater precision in the 

results of computational simulations. This improvement 

is strategic for geographic locations located in the tropics, 

in which, unlike geographic locations with climatic 

seasons, it does not have clearly defined periods of the 

year with greater or lesser availability of daylight but is 

relatively stable throughout the year. 

Weather Files in Medellín, Colombia 

For the city of Medellín, Colombia, there is no weather 

file from any official source. Despite this, it is possible to 

access at least to 6 weather files from different sources: 3 

TMYx weather files (Crawleu and Lawrie 2019), one 

TMYsynth weather file (Hudson et al. 2019), another one 

from Meteonorm (Meteonorm 2020) and another TMY2 

weather file commonly used among architects but of 

unknown origin. Additionally, in various climate websites 

it is possible to access historical climate data to build a 

weather file. On the other hand, using data from official 

sources for the city of Medellín, IDEAM (IDEAM 2020) 

and SIATA (SIATA 2020), it is not possible to construct 

weather files since they do not publish normal radiation 

nor diffuse radiation data in hourly frequency.The main 

difference between the weather files is related to the 

radiation data, basic input for daylight calculations. 

Table 1 summarize the radiation data extracted from the 

different available sources. Two aspects stand out from 

the shown values: first, the differences between the global 

radiation data from the different sources and, second, the 

apparent inconsistencies in the radiation data. In several 

of the sources, the sum between the normal and diffuse 

radiation data differs markedly from the global radiation 

data extracted directly from weather files.  

In relation to the differences between the global radiation 

data among the different sources, Figure 2 shows the 

distribution of the proportion of global radiation data in 

ranges. The Meteonorm file (MN) has a remarkable 

approximation with the curves of IDEAM files (I16 and 

I17), it only has more marked differences in the major and 

minor ranges, which would be consistent with the findings 

of Wang, Wei and Chen (Wang, Wei, and Chen 2019). 

The Typical Meterological Year files coded OB0418 and 

OF also present a reasonable approximation to the curves 

generated with the IDEAM data. Meanwhile, the data 

 
Medellín (Lat 6.25N, Lon 75.5W, Alt 1500 M.A.S.L)  

 
Brussels (Lat 50.83N, Lon 4.5E, Alt 58 M.A.S.L.) 

 

Figure 1: Annual distribution of global radiation in Medellín and Brussels. 
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from the TMYsynth source (CC) present less Radiation 

data >800Wh/m2 and more between 500Wh/m2 and 

800Wh/m2. The files OB0317, OB0418, M17, M18 and 

M19, have more marked differences with the data of the 

official source. 

Table 1: Summary of radiation data by source. 

 

Weather file 

type 
Year Code 

Mean 

Global 

Rad. 

Mean 

Normal 

Direct 

Rad 

Mean 

Hor. 

Diff. 

Rad 

 Wh/m2 

N/A 
2016 I16 - IDEAM 181 - - 

2017 I17 - IDEAM 179 - - 

N/A 

2017 M17 161 77 84 

2018 M18 160 75 85 

2019 M19 164 80 84 

W
ea

th
er

 f
il

e
s 

TMYsynth N/A CC 198 100 101 

TMYx N/A OB 233 170 104 

TMYx N/A OB0317 260 218 97 

TMYx N/A OB0418 222 171 104 

Meteonorm N/A MN 208 170 94 

TMY2 N/A OF 172 116 93 

 

In relation to the differences between the global radiation 

data among the different sources, Figure 2 shows the 

distribution of the proportion of global radiation data in 

ranges. The MN file has a remarkable approximation with 

the curves of I16 and I17, it only has more marked 

differences in the major and minor ranges, which would 

be consistent with the findings of Wang, Wei and Chen 

(Wang, Wei, and Chen 2019). The OB0418 and OF files 

also have a reasonable approximation to the curves 

generated with the IDEAM data. Meanwhile, the data 

from the CC source has less Radiation data> 800Wh/m2 

and more between 500Wh/m2 and 800Wh/m2. The OB 

files, OB0317, M17, M18 and M19, have more marked 

differences with the data of the official source. 

 

Figure 2: Global horizontal radiation data frequency by 

ranges for Medellín according to the source of 

information 

Figure 3 highlights the differences noted above. The OB 

and OB0317 sources have significantly higher global 

radiation data than IDEAM, while the OF, M17, M18 and 

M19 sources, notably lower. The CC and MN sources 

have data that are closer to the official IDEAM curves. 

The differences are marked mainly in the afternoon hours. 

 

Figure 3: Comparison of hourly mean global Radiation 

data from different information sources for Medellín. 

 

Regarding the inconsistencies of the Radiation data, Table 

2 shows the difference between the mean global radiation, 

calculated from the sum of diffuse and direct radiation, 

and the mean global Radiation extracted directly from the 

corresponding weather file. The table suggests that if the 

global radiation is considered from this summation, the 

weather files OB, OB0317, OB0418 and MN would have 

much greater radiation values than the official IDEAM 

data. This increase would represent, among others, an 

overestimation of the global horizontal exterior 

illuminance in the computer simulations and, therefore, an 

overestimation of the interior daylight levels. Meanwhile, 

the CC weather file, despite having a lower frequency of 

data with high radiation values, apparently remains more 

reliable. 

Table 2: Difference between mean global radiation 

calculated from the sum of direct and diffuse radiation 

and mean global radiation in the weather files 

CC OB OB0317 OB0418 MN OF 

3.0 41.0 54.0 52.0 56.5 36.7 

 

Figure 4 exemplifies the distribution of sky types, 

according to the Clearness Index (Perez, Ineichen, and 

Seals 1990) using two weather files: CC and OB0418. In 

the figure, the abscissa represents the months of the year 

and the ordinate to the hours of the day. In these, the 

number “1” highlighted in black corresponds to the 

cloudiest skies while the number “8”, in yellow, to the 

clearest skies. This figure highlights the differences in the 

data in the weather files and suggests that the results of 

the computational simulations could vary markedly 

according to the selected weather file. As a reference, the 

distribution of types of skies for Brussels was also 

included. 

The objectives of this research are to compare the 

daylighting performance of a hypothetical environment 

from computational simulations carried out with different 

weather files and to show the discrepancies in the results 

of computational natural light simulations from the 

dynamic metrics DA, sDA, ASE and UDI according to 

the climate file used. 
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Methods 

The implemented methodology considers quantitative 

analysis based on computational simulations of daylight 

performance carried out on a hypothetical parametric 

model. 

Hypothetical model 

The simulations were carried out on a hypothetical model 

10.0m deep, 4.0m wide and 2.5m high, like the 

dimensions commonly implemented for office spaces, 

where one of the short facades is in contact with the 

outside and the other surfaces are indoors and do not have 

access to daylighting. The model was built in Rhino 3D 

software.  

Parameters  

Variations were carried out on four (4) parameters. Two 

related to architectural expression and two related to 

endogenous factors, as follows: (i) Window-to-wall ratio, 

(ii) Density of shadow elements, (iii) Orientation and 

(iv) Weather file. In all cases the models were 

parameterized through the Grasshopper plugin. For the 

definition of the first two parameters, related to the 

architectural envelope, modifications were considered 

only for the facade in contact with the outside. All other 

characteristics of the model, such as optical properties of 

interior surfaces and dimensions of space, remained 

constant. The resulting configurations after modifying 

these two parameters, illustrated in Figure 5, offer 

typologies of facades commonly used in office spaces or 

institutional buildings located in Medellín, where tasks of 

high visual complexity are usually carried out. 

The orientation parameter was defined considering the 

two extreme situations for the selected city, an orientation 

where the exterior facade is exposed to direct solar 

radiation, East façade, and another where mainly diffuse 

radiation, North facade, will be presented. Finally, for the 

fourth parameter, the daylighting performance 

simulations were carried out using the six weather files 

available for the city of Medellín. Table 3 presents the 

parameters with the description of the possible options for 

each one and the 72 configurations resulting from 

crossing all the options for each parameter. 

 

 

Medellín,  CC Weaher file 

 

Medellín, OB0418 Weaher file 

 

Brussels, Weather file IWEC available on: 

<https://energyplus.net/weather-region/europe_wmo_region_6/BEL%20%20> 

 

 

Figure 4: Sky types according to Clearness Index for different climate files 

 

 

 

Figure 5: Evaluated facade configurations. 
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Table 3: Parameters for computational simulations 

 Parameter Description 
Number of 

options 

1. WWR 60% and 90% 2 

2. 
Spacing between 

shadow elements 
0.3m, 0.6m and 0.9m 3 

3. Façade Orientation East and North 2 

4. Weather file 
CC, B0317, OB0418, 

B, MN and OF 
6 

 72 

 

The daylight simulations were performed with the 

Ladybug Version 0.0.67 and Honeybee Version 0.0.64 

components of the Grasshopper plugin. The execution of 

the simulations to obtain the results of the 72 possible 

configurations were automated through the Colibri 

component. The delivery data defined to perform the 

simulations were as follows: 

- The reflectances (IR) of the materials remained constant, 

assuming white walls with IR 70%, gray floor with IR 

20%, white and smooth false ceiling with IR 80% and 

brown sunshades with IR 50%. Clear glass was 

considered for all configurations with a visible light 

transmission index of 88%. 

- A mesh of nodes with a separation of 0.5m and a height 

of 0.72m was defined 

- The daylighting metrics used take a period of ten hours 

per day between 8:00 and 18:00, over a period of one year. 

Results 

In order to visualize the discrepancies between the 

weather files, the CC climate file was taken as a reference, 

identified as the most reliable in the first part of the article, 

as it presents the greatest similarity with the global 

radiation captured by the IDEAM meteorological stations. 

The results obtained by the simulations with the different 

weather files were subtracted with the results obtained by 

the simulations executed with the reference weather file. 

As a result, a percentage discrepancy index (%) was 

obtained for every architectural configuration evaluated 

and each metric. For the ASE and sDA metrics the 

difference is shown in a percentage of the analysed area 

and for the UDI and DA metrics a percentage of the 

analysed time. 

Figures 6, 7, 8 and 9 present the percentages of 

discrepancy in relation to the results of the simulations 

with the CC climate file. Each figure indicates the results 

of each metric. The abscissa shows 12 groups of data 

corresponding to the possible architectural configurations 

and change of orientation. Each data group is made up of 

5 data corresponding to the difference between the result 

of the CC weather file and the results of each weather file. 

The percentage of space or time according to the analysed 

metric is located on the ordinate axis. When the values are 

positive, they indicate that the analysed weather file 

presented values higher than the reference file and when 

the value is negative, they indicate that the analysed 

weather file presented values lower than the reference file. 

For the sDA metric, as shown in Figure 6, the OB and MN 

weather files present in all cases values equal to or greater 

than the reference file, reaching a maximum discrepancy 

value of 20.3% in the configuration 90%_0.3_E 

equivalent to 8.12 m2 of the analysed plane. The MN 

weather file has fewer discrepancies with the reference 

file than the OBs. For the configurations with a 90% 

window-to-wall ratio and sunshades spaced 0.6m or 0.9m 

apart in the two orientations, the discrepancies are 0% 

since the sDA is 100%. The OF weather file presents 

values lower than the reference file in all cases, reaching 

a discrepancy of up to 7.8%.  

As Figure 7 shows, for the ASE metric, file OB0317 did 

not get any discrepancies compared with the reference 

file. On the north façade, all files have values lower than 

or equal to the reference file. Since it is a metric that only 

evaluates direct solar radiation, the greatest discrepancies 

are presented in the East orientation where, despite the 

shadow elements, there is direct solar radiation on the 

work plane. The OF file presents the largest 

discrepancies, reaching a maximum of 13.1% for the 60% 

_0.3_E configuration, which is equivalent to 5.24 m2. 

For the UDI metric, as shown in Figure 8, for the north-

facing configurations, the OB files presented higher 

values than the reference file, the MN file presented 

differences of less than 1% and the OF file presented 

lower values for all cases. For the East orientation, all files 

have values lower than the reference file with the 

exception of the 60% _0.3_E setting. 

 

 

Figure 6: Discrepancy in results of daylight simulations with the sDA Metric. 
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For the DA metric, as shown in Figure 9, the three files 

taken from the OB source present values higher than the 

reference file, reaching a maximum of 9.6% in the 90% 

_0.3_N configuration, which is equivalent to 350 daytime 

hours per year. The MN file is slightly above the reference 

file reaching a maximum of 2.6% and the OF file is lower 

than the reference file for all cases. In the sDA metric, the 

greatest discrepancy was obtained, while the UDI was the 

metric that presented the lowest average discrepancy of 

all the metrics. 

Discussion 

Similar to this paper, in other latitudes research has been 

carried out on the accuracy of daylight predictions 

through computer simulations. Wang, Wei, and Chen 

(2019) performed a comparison between a TMY climate 

file and actual weather data for Hong Kong (22°17′ N, 

114° 9′ E). The meteorological data was found to result in 

an average vertical illuminance of 15,582 lx for the entire 

year, which was approximately 30% higher than the TMY 

data (i.e. 12,120 lx). In Colombia, there are currently no 

disaggregated meteorological data on the levels of direct 

or diffuse radiation of the territory and therefore it is not 

possible to make comparisons of this nature, nor are there 

inputs to build climate files of higher resolution. 

From another point of view, other factors such as the 

occupation of the space, the furniture and the level of 

reliability of the software, can decrease the precision of 

the simulations. Bedoya Jaramillo (2014) studied the 

 

Figure 7: Discrepancy in results of daylight simulations with the ASE Metric. 

 

 

Figure 8: Discrepancy in results of daylight simulations with the UDI Metric (100-2000 lux). 

 

 

Figure 9: Discrepancy in results of daylight simulations with the DA Metric. 
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influence that different occupation models had on the 

lighting levels of school classrooms for the city of   

Florianopolis, Brazil (27°35′ S, 48°33′ W). It was found 

that under certain conditions there were reductions 

between 9% and 23% in the light levels of an occupied 

space, with respect to an empty space. 

The accumulation of factors such as those mentioned 

above and the absence of reliable weather files in some 

territories, generate large margins of error in the 

predictions of the lighting environments that affect the 

architectural design processes, the bioclimatic advice of 

the buildings and the measures for the energy efficiency. 

Finally, dynamic metric simulation is also used by some 

environmental certifications such as LEED. These are 

used to determine the quality of lighting environments. By 

way of illustration, Table 4 presents for the architectural 

configuration 90% _0.3_E, the results of the sDA metric 

and the points that could be awarded by the certification 

according to the type of building and the percentage 

achieved in the simulation with each one of the weather 

files analysed, showing the discrepancies. The 

configuration showed in Table 4 represents an average 

result. Therefore the results and the points acquired for 

this certification may differ even more. This means that a 

façade system could be assessed as adequate or unsuitable 

depending on the weather file used. 

Considering that the daylight simulations take the 

radiation data from the weather files, the results of ASE 

are suspicious, since the reference climate file, CC, has 

less data on global radiation and direct normal radiation, 

so it would be expected to present lower ASE values. 

Despite this, it presents higher values than other weather 

files. This is explained from the algorithm available in 

Grasshopper to make this calculation: unlike other 

programs, such as Diva for Rhino, which use direct 

radiation as the main input for these calculations, this 

algorithm uses normal direct illuminance. Considering 

that normal direct illuminance is not commonly measured 

in Colombian and Latin American weather stations, but 

rather estimated through other methods, its choice for 

simulation routines can generate large errors. For this 

reason, it would be expected that the routines used for the 

calculation of ASE consider the same variable used for 

the calculation of sDA.  

Conclusion 

In this research, the daylighting performance of 

hypothetical spaces was evaluated from the available 

weather files. The weather files showed large differences 

in the variables used for daylight calculations. These 

differences had a significant impact on the results of the 

simulations. Therefore, in the absence of official weather 

files with reliable radiation data for daylighting 

calculations, the choice of the weather file could depend 

on whether a facade solution is considered adequate or 

completely inadequate. Differences of up to 24.1% in 

sDA and up to 10.8% in ASE between simulations with 

different weather files and the impossibility of discerning 

which of the results is better, make it urgent the need to 

review the weather inputs with which the simulations are 

made.  

The discrepancies between the results of the metrics with 

different weather files are associated with the data of 

diffuse radiation and direct radiation. These variables are 

not commonly measured in the Colombian territory but 

are estimated through mathematical methods. 

Additionally, these discrepancies are also associated with 

the statistical methods used for the elaboration of the 

weather files that prioritize thermal variables. It is 

essential to have weather files prepared from reliable data 

and statistical methods that prioritize the variables that 

affect the daylight calculations. 
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