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H17 – HOW TO CHECK CLIMATIC FUNCTIONS FOR SOLAR 

CALCULATIONS ? 

1. Introduction 

Dynamic simulations using the solar processor in BISTRA and VOLTRA require climatic data and sun 

position information. The climatic data can be provided either through separate user-defined 

function files or extracted from a standardised weather data file, such as an EPW or TMY3 file. 

Depending on the type of climatic data, the functions may be treated either as linearly interpolated 

functions or as step functions. For linearly interpolated functions, values between two data points 

are calculated by interpolation. For step functions, the given value represents a time interval rather 

than a gradual transition between two points. This distinction is especially important for radiation 

data, because hourly radiation values from weather files must be converted into values suitable for 

sub-hourly simulation time steps. 

This document explains how this conversion is performed for hourly radiation data from weather 

files. Further this document serves a guideline to detect and evaluate inconsistencies at 

sunrise/sunset which may occur in climate file.     

2. Key aspects 

Three climatic functions are required to compute dynamic simulations using the solar processor:  

- temperature 

- global horizontal radiation 

- diffuse horizontal radiation 

These functions can be provided as separate user-defined function files or extracted from a single 

EPW or TMY3 weather data file. 

For solar calculations, the sun position is calculated separately from the climatic data. It is 

determined from the current simulation time, including the day of the year and clock time, and  

from the geographical location, including latitude, longitude, and time zone.1 Daylight saving time 

is not taken into account. The sun position is described using two angular values: azimuth, which is 

the horizontal clockwise angle between the sun position and south, and altitude, which is the angle 

between the sun position and the horizon. 

This means that the weather data file provides the local time, temperature data, and radiation 

data, while the sunrise and sunset times are calculated from the geographical location. In user-

defined function files, the geographical location must be specified by the user. In EPW and TMY3 

weather data files, this information is already included. 

The climatic functions can be defined either as linearly interpolated functions or as step functions.  

For user-defined functions, the function type depends on how the input values are derived and 

must be defined by the user in the function file: 

 

1 Roy G. et al., A note on solar declination and the equation of time, Architectural Science Review, Vol. 32, p. 43-51 (1989) 
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- temperature (.FTE)  → linearly interpolated OR step function 

- global horizontal radiation (.FSG)  → linearly interpolated OR step function 

- diffuse horizontal radiation (.FSD)  → linearly interpolated OR step function 

For more information on how to define these settings, consult the BISTRA or VOLTRA manual. 

When the climatic data is extracted from an EPW or TMY3 weather data file, the functions are 

treated as follows: 

- temperature  → linearly interpolated function 

- global horizontal radiation  → step function 

- diffuse horizontal radiation  → step function 

This distinction is important because weather files provide hourly radiation data on a horizontal 

plane, whereas the simulation may use smaller time steps and may calculate solar radiation on 

surfaces with different orientations. Therefore, the hourly radiation values must be converted into 

representative values for the actual simulation time steps. 

For radiation step functions, a mathematical conversion algorithm2 is used. This algorithm converts 

the hourly radiation values from the weather data file into instantaneous values at the simulation 

times. During this conversion, the calculated sunrise and sunset times are taken into account so that 

the resulting radiation values are consistent with the sun position. 

However, inconsistencies may occur if the weather file contains solar radiation in the hour before 

sunrise, or in the hour after sunset. In such cases, the radiation data from the weather file may not 

be consistent with the geometrically calculated sun position. 

3. How hourly data is converted into sub-hourly data? 

Table 1 below shows 2 rows of an EPW weather file for a hypothetical location. 

Table 1 EPW data for a hypothetical location 

Year Month Day Hour Minute 
Dry Bulb 

Temperature(°C) 

Global 

horizontal 

radiation 

(Wh/m2) 

Diffuse 

horizontal 

radiation 

(Wh/m2) 

2026 5 21 7 60 5.0 8 8 

2026 5 21 8 60 5.7 70 45 

In EPW/TRY3 weather files, most meteorological variables (e.g. dry-bulb temperature) are reported 

as instantaneous values at the specified timestamp. In contrast, solar radiation variables such as 

Global Horizontal Radiation and Diffuse Horizontal Radiation represent the integrated radiation over 

the hour preceding the timestamp. Thus, the value reported at 07:00 corresponds to the 

accumulated radiation from 06:00 to 07:00 local time. 

 

 

2 McDowell T. et al., A new method for determining sub-hourly solar radiation from hourly data, Proceedings of the 2018 Building 

Performance Analysis Conference and Simbuild, p. 518-252 (2018) 
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Therefore, a mathematical conversion algorithm2 is required to transform the hourly accumulated 

radiation data into sub-hourly values suitable for dynamic simulations. 

Let us assume that sunrise occurs at 06:30. In this case, the radiation values in the first row actually 

correspond to the accumulated solar radiation received between 06:30 and 07:00, since no solar 

radiation is available before sunrise. If a simulation is performed using a 10-minute time step, the 

conversion algorithm redistributes the hourly radiation values and calculates representative 

instantaneous radiation values for each simulation time step. 

Figure 1 illustrates an example of how the hourly diffuse horizontal radiation data shown above is 

converted into diffuse horizontal radiation values at 10-minute intervals. 

 

Figure 1 Sub-hourly diffuse horizontal radiation data (sunrise at 6:30) 

This conversion algorithm is used for step functions. For linearly interpolated functions, no such 

conversion is required. Instead, the value at each simulation time step is obtained by linear 

interpolation between the values defined at the original timestamps (e.g. temperature values).  

4. Why some climate weather files may cause errors? 

Several standards and methodologies are used to generate weather data files representing a 

meteorological year. Because of these differences, some weather data files may contain radiation 

values that are not fully consistent with the calculated sun position. This can lead to errors or 

unrealistic results during the simulation. 

Let us consider the EPW data shown in Table 1 again. This time, however, the same data is used for 

a location where sunrise occurs at 07:30. As explained in Section 2, sunrise and sunset times are 

calculated based on the geographical information, such as latitude and longitude. Therefore, they 

are not directly determined by the radiation values in the weather data file, but by the 

geographical information provided in that file. 

In this case, the radiation value reported at the 7h timestamp represents the interval from 06:00 to 

07:00. Since this interval occurs before the calculated sunrise time, these radiation values are 

physically inconsistent and are therefore not taken into account. 
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The record at the 8h timestamp, which represents the interval from 07:00 to 08:00, is taken into 

account because this interval contains the sunrise time and is physically consistent. The 

mathematical conversion algorithm2 then converts this hourly radiation value into sub-hourly values 

while considering the sunrise time at 07:30. Figure 2 shows the conversion of the hourly radiation 

data into sub-hourly data for this second case. It can be noticed that this results in very high 

representative instantaneous radiation values. 

If such a situation occurs during the simulation, BISTRA and VOLTRA display the warning message 

shown in Figure 3. Models using such weather data files may produce unrealistic results, especially 

around sunrise and sunset. 

 

Figure 2 Sub-hourly diffuse horizontal radiation data (sunrise at 7:30) 

5. Warning message in BISTRA/VOLTRA 

Figure 3 shows the warning displayed by BISTRA and VOLTRA when a function D01 and/or G01 with 

radiation data if NOT linearly interpolated (this means: either of type EPW or TMY3, or user defined 

function with step function format) contains physically impossible data (i.e. before sunrise or after 

sunset) such as the previous hypothetical example.  

 

Figure 3 Warning message 

This problem may occur systematically throughout the year. In such cases, it is recommended to 

use a different weather data file to avoid unreliable simulation results. 
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However, in some cases, the issue may occur only on a few days of the year, especially for edge 

cases where sunrise or sunset occurs exactly at an hourly timestamp, such as sunrise at 08:00 or 

sunset at 18:00. In these situations, the user should evaluate whether the issue has a significant 

effect on the overall simulation results. 

Users can consult the log file to identify each specific instance where this issue occurs. The log file 

can be found in the following directory: 

C:\Users\YourUserName\AppData\Roaming\Physibel\BISTRA or VOLTRA with version number 

\logs 

Remark: The AppData folder is a hidden folder normally. In order to reach that folder in you need 

to enable View→Show→Hidden items 


