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ABSTRACT 

Users of whole-building simulation programs spend time 

and resources in selecting the most appropriate weather 

file for a simulation, whether it be a historical or actual 

weather file.  However, they rarely check the algorithms 

used in the programs to process the weather data into the 

components used in the simulation program.  This paper 

investigates some of the different algorithms used in 

popular simulation programs to determine effective sky 

temperatures and sub-hourly solar radiation from the 

hourly values available in typical weather data 

sources.  The impact of these algorithmic differences on 

the simulation results are highlighted. 

INTRODUCTION 

Experienced Building Performance Simulation (BPS) 

users take great care in selecting the appropriate weather 

data file for their specific application. There is much 

anecdotal evidence of the influence of the selection of 

different weather files from nearby locations giving 

divergent results.  However, there is little discussion 

concerning the algorithms used by the programs to 

convert the data in the weather file into the values used 

by the programs.  It is simply assumed that the programs 

can perform this task correctly.  In this paper, we will 

examine two different weather driving forces calculated 

from the weather file: effective sky temperature and sub-

hourly solar radiation.  We will detail some of the 

algorithms used by different software and the success 

with which the algorithms are implemented.  Also, we 

will analyze the effect these different algorithmic 

choices have on the simulation results. 

SKY TEMPERATURE 

The sky temperature is used to calculate the radiative 

heat transfer from the building exterior surfaces to the 

sky.  Since the upper atmosphere is much colder than the 

earth’s surface, the temperature is colder than the 

ambient temperature.  This is especially true when the 

sun is below the horizon.  Since this temperature cannot 

be measured, simulation programs must estimate the sky 

temperature to calculate the heat transfer. 

There are two major algorithms used in whole-building 

simulation software to calculate the effective sky 

temperature for radiation heat transfer effects from the 

exterior of the building.  One method is based on the 

work of Clark and Allen (1978) and the other is based on 

the work of Martin and Berdahl (1984). Table 1 shows 

the method used in a few of the whole-building 

simulation packages. The Clark and Allen work was 

based on the measurements of nocturnal net radiosity 

from a water pond on the roof of a building in San 

Antonio, Texas.  The Martin and Berdahl work is based 

on the measurements of spectral infrared sky radiance for 

six U.S. cities. Both of the methods develop empirical 

relationships for the sky emissivity based on correlations 

of their data sets.  They estimate the clear sky emissivity 

and then adjust the emissivity for the presence of cloud 

cover. Using this sky emissivity, they are able to estimate 

the sky temperature. 

 

Table 1: Sky Temperature Algorithms used by Whole-

Building Simulation Programs 

Software 

Program 

Sky Temperature Algorithm 

DOE2 Martin-Berdahl 

EnergyPlus Clark-Allen 

ESP-r Martin-Berdahl   

(along with other optional methods) 

TRNSYS Martin-Berdahl 
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Clear Sky Emissivity  

The Clark-Allen correlation for the clear sky emissivity 

is 

𝜀𝑐𝑙𝑒𝑎𝑟= 0.787 + 0.7641 ln (
𝑇𝑑𝑝

273
)  (1) 

where 𝑇𝑑𝑝 is the dewpoint temperature in K. 

The Martin-Berdahl correlation for the clear sky 

emissivity is 

𝜀𝑐𝑙𝑒𝑎𝑟 = 𝜀0 + ∆𝜀ℎ + ∆𝜀𝑒   (2) 

The first term is the average clear sky emissivity  

𝜀0 = 0.711 + 0.56 (
𝑇𝑑𝑝

100
) + 0.73 (

𝑇𝑑𝑝

100
)

2

 (3) 

where 𝑇𝑑𝑝 is the dewpoint temperature in °C. 

The second term is a diurnal correction 

∆𝜀ℎ = 0.013 cos (2𝜋
𝑡

24
)   (4) 

where 𝑡 is the hour of the day. 

The third term is a correction for the elevation of the site 

∆𝜀𝑒 = 0.00012(𝑃 − 1000)  (5) 

where 𝑃 is the station pressure in millibars. 

Emissivity in the Presence of Clouds  

The Clark-Allen correction for cloud cover is  

𝜀𝑠𝑘𝑦 = 𝐶𝑎𝜀𝑐𝑙𝑒𝑎𝑟     (6) 

with 

𝐶𝑎 = 1 + 0.0224𝑛 − 0.0035𝑛2 + 0.00028𝑛3 (7) 

where 𝑛 is the opaque cloud cover in tenths. 

The Martin-Berdahl correction is given by 

𝜀𝑠𝑘𝑦 = 𝜀𝑐𝑙𝑒𝑎𝑟 + (1 − 𝜀𝑐𝑙𝑒𝑎𝑟)𝐶  (8) 

with 

𝐶 = 𝑛𝜀𝑐Γ    (9) 

where 𝑛 is the fractional area of the sky covered by 

clouds, 𝜀𝑐 is the hemispheric cloud emissivity and Γ is a 

factor depending on the cloud base temperature. 

An approximation of the cloud base temperature factor 

using the cloud base height is provided 

Γ = 𝑒
(−ℎ

ℎ0
⁄ )

 (10) 

where ℎ is the cloud base height and ℎ0 is 8.2 km. 

A complicated procedure is presented for determining 

the cloud height from a TMY weather file, but a 

simplification is also presented. 

 𝐶 = 𝐶𝑡ℎ𝑖𝑛 + 𝐶𝑜𝑝𝑎𝑞𝑢𝑒 (11) 

where 

 𝐶𝑡ℎ𝑖𝑛 = 𝑛𝑡ℎ𝑖𝑛𝜖𝑡ℎ𝑖𝑛𝑒
(

−ℎ𝑡ℎ𝑖𝑛
ℎ0

⁄ )
 (12) 

and 

 𝐶𝑜𝑝𝑎𝑞𝑢𝑒 = 𝑛𝑜𝑝𝑎𝑞𝑢𝑒𝜖𝑜𝑝𝑎𝑞𝑢𝑒𝑒
(

−ℎ𝑜𝑝𝑎𝑞𝑢𝑒
ℎ0

⁄ )
 (13) 

with 

 𝑛𝑡ℎ𝑖𝑛 = 𝑛𝑡𝑜𝑡𝑎𝑙 − 𝑛𝑜𝑝𝑎𝑞𝑢𝑒 

 𝜀𝑡ℎ𝑖𝑛 = 0.4 

 𝜀𝑜𝑝𝑎𝑞𝑢𝑒 = 1.0 

 ℎ𝑡ℎ𝑖𝑛 = 8 

 ℎ𝑜𝑝𝑎𝑞𝑢𝑒 = 2 

Calculation Comparison  

The differences between the two algorithms can be 

assessed using the data from weather data files in a 

spreadsheet program.  The information used from the 

weather file is the dew point temperature, the station 

pressure, and the fraction of opaque and total cloud 

cover.  We performed the calculations for the Madison, 

WI and Denver, CO TMY3 weather files (Wilcox and 

Marion, 2008) for both clear sky and total sky 

emissivities.  The results are presented in Figures 1 to 9, 

which are grouped on the next two pages to facilitate 

comparisons. 

Figure 1 shows the clear sky emissivity for Madison and 

Figure 2 for Denver for the first week of January.  Figure 

3 shows the difference between the two algorithms for 

both Madison and Denver. 

For both of these locations the clear sky emissivities 

from the Clark & Allen correlations are consistently 

lower than from the Martin & Berdahl correlations. 

The same comparison can be made looking at the 

emissivity when cloud cover is incorporated. (See 

Figures 4, 5 & 6)  These comparisons show a better 

agreement between the correlations when there is cloud 

cover versus when there is clear sky. 

These sky emissivities are used to calculate the effective 

sky temperature in order to estimate the radiate exchange 

from building surfaces with the sky.  The equation for 

the sky temperature is 

𝑇𝑠𝑘𝑦 = 𝑇𝑑𝑏  𝜀𝑠𝑘𝑦
0.25 (14) 

where 𝑇𝑑𝑏  is the ambient dry bulb temperature in K. 

We can now compare the effective sky temperature for 

Madison and Denver for the two algorithms. (See 

Figures 7, 8 & 9) 

As expected from the emissivity values, the Clark & 

Allen correlations predict warmer sky temperatures 

during periods with no cloud cover, but there is better 

agreement in the presence of clouds. 

Comparing the calculated sky temperatures over an 

annual period shows that the maximum difference is 

12.85 °C for Denver and 10.24 °C for Madison. 

 

© 2016 ASHRAE (www.ashrae.org). For personal use only. Additional reproduction, distribution, 
or transmission in either print or digital form is not permitted without ASHRAE's prior written permission.

424



   

 

 

Figure 1: Clear Sky Emissivity for Madison, WI for the 

1st Week of January 

 

Figure 2: Clear Sky Emissivity for Denver, CO for the 

1st Week of January 

 

Figure 3: Difference in Clear Sky Emissivity for 

Madison, WI and Denver, CO 

 

Figure 4: Sky Emissivity for Madison, WI for the 1st 

Week of January 

 

Figure 5: Sky Emissivity for Denver, CO for the 1st 

Week of January 

 

Figure 6: Difference in Sky Emissivity for Madison, WI 

and Denver, CO 

© 2016 ASHRAE (www.ashrae.org). For personal use only. Additional reproduction, distribution, 
or transmission in either print or digital form is not permitted without ASHRAE's prior written permission.

425



   

 

 

Figure 7: Effective Sky Temperature for Madison, WI 

for the 1st Week of January 

 

Figure 8: Effective Sky Temperature for Denver, CO 

for the 1st Week of January 

 

Figure 9: Difference in Effective Sky Temperature for 

Madison, WI and Denver, CO 

 

Impact on simulation results  

While the comparison between the calculated effective 

sky temperatures is informative, the effect on the 

building simulation calculation results is of more 

interest.   

The sky temperature is used in the calculation of the 

radiative heat transfer from a building surface with the 

sky using the equation: 

�̇� = 𝜎𝜖𝑠𝑢𝑟𝑓(𝑇𝑠𝑢𝑟𝑓
4 − 𝑇𝑠𝑘𝑦

4)  (15) 

Where 𝜎 is the Stephan-Boltzmann constant, 𝜖𝑠𝑢𝑟𝑓 is the 

emissivity of the building surface, and 𝑇𝑠𝑢𝑟𝑓  is the 

temperature of the building surface. While the surface 

emissivities are rarely known exactly, because the 

temperatures are raised to the 4th power, any uncertainty 

in the sky temperature will have a bigger effect on the 

uncertainty of the radiative heat transfer. 

To calculate this effect we took the initial building case 

(Case 600) included in ASHRAE Standard 140: 

Standard Method of Test for the Evaluation of Building 

Energy Analysis Computer Programs (ASHRAE, 2014).  

Readers should note that the Test Case description we 

used is taken from the current draft of the document, 

which is being updated. For this reason the absolute 

values of the results presented below cannot be directly 

compared with results published in the standard, but the 

relative difference between results using different Tsky 

correlations is what is relevant to our analysis. We ran 

the annual simulation for Case 600 and calculated the 

annual and peak heating and cooling loads for the 

building. The results are shown in Table 2. 

 

Table 2: Case 600 results for both sky temperature 

algorithm 

  M&B C&A difference 

Annual Heating (kWh) 4466  4363 2.3% 

Peak Heating (kW) 3.29 3.19 3.0 % 

Annual Cooling (kWh) 6597 6757 2.4% 

Peak Cooling (kW) 6.17 6.30 2.1 % 

 

While these differences are not particularly significant, 

it is important to recognize that these algorithmic 

differences do exist between different building 

simulation programs. It is also probable that the 

differences between the two Tsky correlations would be 

more significant in specific applications where skin 

loads are dominate or where techniques which used the 

radiative heat transfer to provide cooling effect such as 

nighttime radiative cooling or the simulation of unglazed 

solar collectors. Unlike other algorithmic differences 

inherent to weather data interpretation (e.g. solar 

radiation projection on different surfaces, or estimation 

of direct solar radiation from total radiation), the 

differences presented above are consistently in the same 

direction (lower Tsky for Martin & Berdahl, leading to 

higher heating and lower cooling loads). This would 

suggest that one of the correlations presents a bias that 

could be corrected with additional measured data of sky 

temperatures. 
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SUB-HOURLY SOLAR RADIATION 

Another driving force in the simulation of building 

energy use is the solar radiation incident on the surfaces 

of the building. The solar radiation is typically calculated 

from the data contained in a standard weather data file.  

The data in these files is hourly data, while most modern 

BPS programs calculate the building performance at sub-

hourly timesteps.  This necessitates the determination of 

the solar radiation at sub-hourly intervals based on the 

hourly data in the weather data file.  For most of the 

weather file formats, the solar radiation data is presented 

as the integrated solar radiation over the previous hour 

(Marion & Urban, 1995; Wilcox & Marion, 2008).  For 

TMY3 data files, for example, global horizontal solar 

irradiance is presented in Wh/m² and described as the 

“total amount of direct and diffuse solar radiation 

received on a horizontal surface during the 60-minute 

period ending at the timestamp”. The numerical value in 

the file is equal to the average solar radiation over the 

previous hour in W/m², since 1 W will result in 1 Wh 

over a 60-min period. 

If a BPS tool is performing a heat balance analysis over 

an hourly timestep, the heat flux at a surface received 

during the timestep will be the average over the timestep, 

which is exactly what is provided in the data file. So for 

hourly timesteps, using the data from the weather file is 

straightforward. However, things get trickier when the 

timestep of the building simulation is less than an hour.  

There are two potential issues in applying the solar 

radiation in sub-hourly timesteps: correctly determining 

radiation during the sun-up and sun-down periods and 

ensuring that the total solar radiation over the hour 

matches the information in the data file (i.e. keeping the 

total energy received constant). 

Common weather file formats include the total radiation 

on a horizontal surface, diffuse radiation on a horizontal 

surface and direct normal radiation. This data is 

redundant as only two of these three values are needed 

to calculate solar incident radiation on tilted surfaces, 

since the position of the sun can be calculated accurately 

from time and location.  Typically, programs use the 

diffuse on the horizontal and the direct normal to 

determine the horizontal solar radiation values, because 

measured values for these two parameters are normally 

the most accurate. With more recent data files, solar 

radiation values are generated by a model so there should 

be no inconsistencies between the 3 values, so the issue 

of which 2 variables are selected is less significant. Solar 

geometry calculations and a diffuse radiation model are 

then applied to determine the incident solar radiation on 

tilted surfaces (see e.g. Duffie & Beckman, 2013). 

In this paper, we will be comparing the outputs from two 

different simulation programs (called Program A and 

Program B) to the data included in TMY3 (Wilcox & 

Marion, 2008) weather data files for different locations 

across the USA. 

Comparison for Hourly Timesteps 

Diffuse Horizontal Radiation 

As shown in Figure , the hourly diffuse radiation on a 

horizontal surface is read in the weather data file by both 

Program A and Program B, and just outputted without 

any further processing, so both programs present results 

identical to the original data. The only difference is for 

timesteps that include the sunrise or sunset. On both days 

Program B sets the radiation to 0 at 8 PM (i.e. for the 

timestep between 7 and 8 PM). Program A slightly 

reduces the radiation on the second day, both at 5 AM 

(i.e. between 4 and 5 AM) and 8 PM (i.e. between 7 and 

8 PM).   

 

 
Figure 10: Diffuse horizontal radiation, Madison, June 20-21 

Numerical values for these timesteps are provided in 

Table 3. Timesteps not shown in the table have identical 

values in all columns. 

The differences are very small, and they lead to 

differences between integrated values over the two days 

of -0.07 % for Program A and -0.5 % for Program B. On 

a yearly basis, the difference between integrated values 

is -0.03 % for Program A and -0.5 % for Program B.  

The same differences were assessed on a yearly basis for 

two weather locations at very different latitudes. 

Madison, WI is at 43.13° N, so Fairbanks-Eielson AFB, 

AK (64.65° N) and Key West (24.55° N) were selected. 

The differences between integrated diffuse horizontal 

radiation values for the 3 locations are presented in Table 

. 

The annual differences are very small, but the results 

above indicate that both programs may have issues with 

the way they calculate or use the sunrise and sunset time 

in processing the solar radiation. Program B shows a 

small but consistently negative difference for all three 

locations, which may be related to the issue of zeroing 
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the radiation over the last hour of sunshine. Program A 

has smaller differences but timing/zeroing issues might 

be present.  It is interesting to note that both programs 

were initially tested with the TMY3 data file for 

Fairbanks International Airport (WMO 702610) and 

showed much larger differences. After investigation, it 

was determined that the TMY3 file has erroneous, time-

shifted, solar radiation data. 

Table 3: Diffuse horizontal radiation, Madison, June 20-21 

Date/time 

(end of  

timestep) 

Horizontal diffuse radiation [W/m²] 

Weather 

data 

Program A Program B 

… 

Jun 20, 7 PM 71.0 71.0 71.0 

Jun 20, 8 PM 10.0 10.0 0.0 

Jun 20, 9 PM 0.0 0.0 0.0 

… 

Jun 21, 4 AM 0.0 0.0 0.0 

Jun 21, 5 AM 13.0 11.6 13.0 

Jun 21, 6 AM 36.0 36.0 36.0 

… 

Jun 21, 7 PM 35.0 35.0 35.0 

Jun 21, 8 PM 13.0 11.4 0.0 

Jun 21, 9 PM 0.0 0.0 0.0 

… 

Table 4: Annual diffuse horizontal irradiation 

Location Annual horizontal diffuse irradiation 

Weather 

data 

[kWh/m²] 

Program A 

difference 

[%] 

Program B 

difference  

[%] 

Madison 691.0 -0.03 % -0.5 % 

Eielson AFB 486.4 -0.1 % -0.3 % 
Key West 689.1 -0.02 % -0.8 % 

 

Global Horizontal Radiation 

The comparison for June 20-21 in Madison is repeated 

for the global (total) horizontal radiation. That value is 

present in the weather file, but as discussed above both 

programs do not use directly, so it is recalculated. The 

results are presented in Figure .  

Both programs show differences with the original 

weather data, but these differences are more pronounced 

for Program B. Over the 2 days shown in the figure, the 

maximum difference is 72 W/m² for Program B while it 

is 43 W/m² for Program A. 

Table 5 shows the Normalized Mean Bias Error (NMBE) 

and the Coefficient of Variance of the Root Mean Square 

Error (CV(RMSE)) for both programs, for the 3 

locations compared to the original TMY3 weather data. 

See ASHRAE Guideline 14 (ASHRAE, 2014b) for a 

description of NMBE and CV(RMSE). 

NMBE values are relatively low across the board but 

again they are higher in absolute value (and consistently 

negative) for Program B. The CV(RMSE) values for 

Program B are close to 10 %, which is not insignificant. 

 

 
Figure 11: Global horizontal radiation, Madison, June 20-21 

Table 5: Error on hourly global horizontal irradiation 

Location Program A Program B 

NMBE 

[%] 

CV(RMSE) 

[%] 

NMBE 

[%] 

CV(RMSE) 

[%] 

Madison -0.1 % 1.7 % -0.6 % 10.5 % 

Eielson 

AFB 
-0.2 % 1.3 % -0.5 % 7.6 % 

Key West 0.0 % 0.5 % -0.9 % 10.7 % 

Comparison for Sub-Hourly Timesteps 

Diffuse Horizontal Radiation 

Figure 12 shows the same two days as the figures above 

(June 20-21 in Madison). The hourly weather data, 

represented as average values over the hour, are 

compared to 5-min values provided by Programs A and 

B. The differences between the two programs are 

striking: Program A presents a saw-tooth profile for days 

with large hour-to-hour variations, while Program B 

presents a piecewise-linear profile. The inset shows a 

zoom on the hours from 7 AM to 11 AM on June 20. 

Program B’s profile clearly minimizes the sudden 

changes on the hour that are apparent in Program A’s 

profile, but it does not respect the hourly integrated 

values provided in the data file.  

The very specific profiles result from different 

methodologies to interpolate solar radiation: Program A 

estimates the shape of the sub-hourly profile by keeping 

the average radiation over the hour constant and 

imposing a profile that corresponds to that of the 

extraterrestrial radiation. This gives a rounded, smooth 

profile on uniformly clear or cloudy days, but leads to 

the characteristic saw-tooth profile when the hour-to-

hour clearness changes significantly. Program B, on the 

other hand, applies linear interpolation by assuming that 

the hourly data is instantaneous at the middle of the 
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hourly timestep. This results in a piecewise-linear profile 

that does not necessarily ensure that the integrated hourly 

values match the original data. 

 
Figure 12: 5-min diffuse horizontal radiation, Madison 

  
Figure 13: 5-min global horizontal radiation, Madison 

 
Figure 14 hourly averaged 5-min diffuse horizontal radiation 

Global Horizontal Radiation 

Figure 13 shows the global horizontal radiation for the 

same two days. The general shape of both 5-min profiles 

is similar to the one observed on Figure 9. On the second 

day, both Program A and Program B deliver a smooth 

profile, with subtle differences among them (Program 

A’s profile is rounded, while Program B’s profile is 

piecewise-linear). 

 

Hourly Average of 5-Minute Values 

Figure 14 shows the hourly average values calculated 

from 5-minute values for both programs. As shown 

above, both programs read the hourly values correctly 

and output them correctly when an hourly timestep is 

used (except for the sunset hour in Program B). 

However, when using a sub-hourly timestep (5 minutes 

here), Program B interpolates the solar radiation in such 

a way that the integrated hourly value is not preserved. 

This could represent an issue for energy analyses and 

cause larger differences between results obtained with 

different timesteps. On the other hand, the problem with 

the sunset hour that was apparent in Program B’s hourly 

values seems to have been resolved by using a shorter 

timestep. 

The differences between hourly averaged 5-minute 

values and the original hourly values in the weather data 

files have been analyzed for the 3 locations using the 

same indicators as above: NMBE and CV(RMSE). 

Results are shown in Table 6 for the diffuse horizontal 

radiation and for the global horizontal radiation. 

Table 6: Error on hourly average of 5-minute diffuse and 

global horizontal radiation 

Location Program A Program B 

NMBE 

[%] 

CV(RMSE) 

[%] 

NMBE 

[%] 

CV(RMSE) 

[%] 

Diffuse horizontal radiation 
Madison -0.1 % 0.3 % -0.4 % 11.5 % 

Eielson 

AFB 
-0.1 % 0.5 % -0.2 % 14.0 % 

Key West 0 % 0.2 % -0.6 % 8.7 % 

Global horizontal radiation 
Madison -0.1 % 1.8 % -0.6 % 7.6 % 

Eielson 

AFB 
-0.2 % 1.3 % -0.4 % 11.4 % 

Key West 0.0 % 0.7 % -0.6 % 5.9 % 

 

The results show that Program B has a more significant 

deviation from the original hourly weather data when it 

uses linear interpolation. While the annual average 

radiation is correctly reproduced (as indicated by the low 

NMBE values), the relatively high CV(RMSE) values 

indicate that the hour-to-hour variation is not well 

reproduced by the interpolation algorithm (remember 

that the hourly diffuse radiation is provided in the 

weather data file and read by the program, so the 

CV(RMSE) in reproducing this variable should be well 

below the values shown in the last column in Table 5). 

The CV(RMSE) values for diffuse radiation is within the 

rounding errors for Program A, and the CV(RMSE) 

values for global radiation are slightly higher but still 

significantly lower than for Program B. 
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DISCUSSION AND CONCLUSIONS 

Weather data is essential for whole-building simulation, 

but different programs treat the weather files using 

different techniques which can influence the results.  It 

is important for the users of these programs to 

understand how the program they are using interprets the 

weather data and decide if they agree with the 

assumptions.  This is especially true when weather 

driven heating or cooling strategies are implemented. 

This paper examined two specific issues related to 

weather data: estimating the effective sky temperature, 

and interpolating solar radiation data for sub-hourly 

timesteps.  

Most of the available BPS tools use one of the two 

correlations presented in this paper: Clark & Allen 

(1978) or Martin & Berdahl (1984). Both were obtained 

from relatively small sets of experimental data, 

especially the Clark & Allen correlation which was 

established based on pond radiosity at one particular site. 

The results presented in this paper show that the two 

correlations result in significantly different sky 

temperatures, especially under clear sky conditions. 

While the impact on annual energy performance 

assessed using ASHRAE Standard 140 Case 600 is 

relatively small, it is likely that other applications (e.g. 

nighttime cooling or unglazed solar collectors) would 

show a larger impact of the selected correlation. The 

authors think that this topic should be investigated in 

order to provide a clear recommendation to BPS 

developers. 

Solar radiation data is typically obtained by BPS tools 

from weather data files that contain hourly data of the 

diffuse horizontal, beam normal, and global horizontal 

radiation. Two of these variables suffice to calculate the 

third one, and BPS tools generally use the diffuse 

horizontal and beam normal values. Different 

assumptions and methodologies to calculate the sun 

position relevant to perform solar geometry operations 

on incident radiation lead to different reconstructed 

values for the third parameter (global horizontal), hence 

most probably causing differences in the tilted radiation 

that will be calculated in a BPS application (e.g. a west-

facing window). The results presented above for hourly 

values show that the method implemented in Program B 

causes issues at sunset, zeroing the solar radiation 

unnecessarily in some cases. Program A does not show 

a similar issue and delivers lower errors (both NMBE 

and CV(RMSE)) for all latitudes. A striking conclusion 

is that neither of the two programs perfectly reproduces 

the data that is read-in, and higher deviations are 

observed in reconstructing the 3rd parameter (global 

horizontal radiation), with Program B showing 

CV(RMSE) values around 10 % at all latitudes. 

Sub-hourly timesteps seem to improve the accuracy of 

sun angle calculations in both programs and alleviate or 

remove the problems at sunrise and sunset. But sub-

hourly timesteps introduce a new difficulty, which is to 

interpolate the hourly weather data to estimate sub-

hourly values. Programs A and B adopt very different 

methods, leading to different inconveniences. Program 

A keeps the hourly integrated values constant and applies 

a profile matching that of the extraterrestrial radiation, 

which results in a smooth rounded shape for uniformly 

clear or cloudy days, but results in a characteristic saw-

tooth profile for days with variable cloudiness. Program 

B uses linear interpolation, which results in a piecewise-

linear profile that does not ensure that integrated hourly 

values will match the original data. This could increase 

the timestep sensitivity of simulations, for systems that 

are sensitive to hour-by-hour variations in the solar 

radiation. Again, the authors think that this issue should 

be thoroughly investigated to formulate 

recommendations to BPS developers. 
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