
The script pdf.py needs the Python interpreter and some mathematic libraries to be installed 

on the system. All the necessary bundles are also provided with the program. Next, we 

describe from the installation process to the operation with the script. 

1. INSTALLATION NOTES 
Supposing a Windows environment, the installation is quite straightforward. First bundle to be 

installed is the Python interpreter, just by double-clicking on the python-2.5.1.msi file and 

accepting the default installation directory (C:\Python25) (recommended). Then, some 

Windows utilities for the interpreter (pywin32-209.1.win32-py2.5.exe) can be installed. 

Although it is not strictly necessary, is recommended since it also includes a nice GUI 

(Graphical User Interface). The next steps deal with the necessary scientific libraries that 

complement the Python interpreter. These bundles must be installed in the usual way (just 

double-clicking) in the next order: numpy-1.0.1.win32-py2.5.exe, matplotlib-0.90.0.win32-

py2.5.exe and scipy-0.5.2.win32-py2.5.exe. 

It is also recommended to include the Python interpreter in the path of the system. This can be 

carried out by following Start/Control Panel/System/Advanced Options/Environment Variables. 

Then, we edit the PATH variable of the system and add at the end the installation directory of 

the Python interpreter. In the default case, simply adding ‘;C:\Python25’ (without quotations). 

2. SCRIPT DESCRIPTION 
The script calculates the probability density functions (hereafter, PDF) of the clearness index, 

the diffuse fraction and the direct radiation fraction, conditioned to the optical air mass and fit 

them with the Boltzmann Model described in the section 7.  The values of optical air masses 

for which the PDF is calculated are 1.0, 1.5, 2.0, 2.5, 3.0 and 3.5, ranging a solar height from 

zenith to about 15 degrees. 

The input data are provided in a column-organized text file conformed as follows. The first line 

holds the longitude and the latitude of the data site. These values are used for determining the 

clearness index and shift the data to local apparent time. The next row is dedicated to the 

column headers and the rest of rows will hold the data. The columns order is year, month, day, 

hour, minute global horizontal solar radiation, diffuse horizontal solar radiation and direct 

horizontal solar radiation. The year format must be four-digit. From the first five columns the 

program computes the optical air mass and the extraterrestrial irradiance. Then, it calculates 

the clearness index using the global measured radiation. The script is intended to use minute-

basis data and it must be taken in account than the greater the number of data, the better 

performance of the fitting model. For example, for debugging purposes a data file with a year 

of measurements is used. This represents approximately half-million records and therefore, a 

quarter-million of usable records (after removing the night measurement). An example of the 

first lines of a possible input file is shown in figure 1. The diffuse and direct fractions are 

calculated by dividing the diffuse and direct data with the global radiation. The histograms are 

calculated using 50 bins, or equivalently, a bin width of 0.02. This value can be changed editing 

the script. 

 

 



 

The measurement time can be provided either as ‘local apparent time’ or as ‘local standard 

time’ as described in Section 1.4 in Iqbal (1983). By defaults the script expects ‘local apparent 

times’. 

 

 

 

By means of the flag –g, the script will present the results in three windows, (clearness index, 

diffuse fraction and direct fraction), with a graph area for each optical air mass with the PDF 

histogram and the fitting curves. The values of the Boltzmann Model parameters are written 

down in an output text file. 

 

 

 

 

 

 

Figure 1. Example of the first lines of a possible input data file for pdf.py 

 

Figure 2. Help information provided by the program. 

  It is very important to use the option –L with the local standard meridian when the 

data are referred to local time. 



3. SCRIPT OPERATION 
The script should be run from a command line prompt for a proper operation. We will suppose 

that the Python interpreter is included in the system path as explained in section 1. To open a 

command prompt, just go to Start/Run…, type ‘cmd’ (without quotations) and accept. Using 

the command cd (type help cd for information) go to the directory where the pdf.py script 

is. A coarse help lines (figure 2) on using the program are provided by typing python 

pdf.py --help or when an erroneous called is introduced. 

The option –i is used to indicate what is the input data file. The rest of options are optional: 

the –o option indicates the text file to write the parameters of the fitting models for each 

optical air mass. The –L option allows using times referred to the local meridian or the local 

standard meridian, as explained in Iqbal (1983), section 1.4. Finally, the option –g will show 

the graph windows. 

It is worth to note that the fitting process starts with a guess value for each parameter of the 

model. The set of guess values depends on the shape of the PDF that, as is known, is 

influenced by the local features of the sites. For this reason, it might be necessary a re-

adjusting of these guess values in the script depending on the dataset used. The guess values 

in the script are initialized to those proposed in the section 7 for Armilla. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Output file with the parameters values for each probability density function. 



4. EXAMPLE OF EXECUTION 
For a better understanding of the operation we will follow a simple example. Let suppose that 

the directory F:\PDF contains the script file pdf.py and the input data file sample.tab. In such 

case, the command 

F:\PDF\>python pdf.py –i sample.tab –o BMparams.txt –L 0 -g 

will calculate the fitting parameters for the data compiled in the file sample.tab and will write 

them into the file BMparams.txt (figure 3) in the same directory. The progress of the work can 

be follow by a progress bar (figure 4) because usually the size of the input file is quite large and 

the operation is slow. In this example, the time values are corrected to the ‘local standard 

time’ using the option –L with the local standard meridian 0. Finally, the option –g shows 

the output plots (figure 5). With the option –s0.01 we could set a bin size of 0.01. Because 

this option is not included in the called, the bin size will be 0.02. 
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Figure 4 Information on screen during the script operation. 



 

 

 

 

 

 

Figure 5. Example of graphical outputs for the probability density function of the direct fraction 
(up), diffuse fraction (middle) and clearness index (bottom), for different optical air masses. The 
blue bars are the relative frequency of the input data and the solid red line is the fitting curve. 


