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Abstract  

South African Weather Service (SAWS) manages a radiometric 

network of 13 stations located in six climatic zones of South 

Africa since 2013. The data collected from the network enable 

quantification of the potential contribution of the solar energy 

resource, improvement and validation of satellites as well as the 

development and verification of empirical models. Quality 

control (QC) assessment of SAWS data was conducted using 

procedures outlined by the Baseline Surface Radiation Network 

(BSRN). For all the stations, on average 98.25% of the global 

solar radiation (GHI) data were classified as good quality data. 

The annual average daily GHI ranged from 186 W/m2 to 265 

W/m2 with consistently higher values in the arid interior climatic 

zone and lower values in the subtropical coastal climatic zone. 

Validation of results showed that Satellite Application Facility 

on Climate Monitoring (CM SAF) data were closer to the 

observation data with an overall mean absolute deviation (MAD) 

of 11.81 W/m2 and National Aeronautics and Space 

Administration (NASA), Surface Meteorology and Solar Energy 

(SSE) had an overall MAD of 19.59 W/m2.The solar resource’s 

monthly, seasonal and annual characteristics analysed for 

different stations provide information that has a strong influence 

on the technical and economic evaluation of solar energy 

technologies. Validated satellite data sets are important in 

providing additional long term data sets for areas and times with 

no in-situ solar radiation observations. 
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1. Introduction and Theory  

 
1.1 Global Horizontal Irradiance (GHI)  

 
Solar radiation is the electromagnetic radiation emitted by the 

sun [1]. GHI is the electromagnetic radiation that reaches the 

earth's surface after passing through the atmosphere and it is the 

sum of direct normal irradiance (DNI) which is the incident 

radiative flux on the surface without interacting with the 

atmosphere and diffuse irradiance (DIF) which is as a result of 

the scattering of radiation by the atmospheric constituents [2]. 

GHI covers the spectral range between 250 and 3000 nm [3]. At 

SAWS, GHI is measured with an unshaded secondary standard 

Kipp & Zonen pyranometer (CM11) with a hemispherical view 

that is mounted horizontally. The irradiance values are measured 

in W/m2 and calculated by dividing voltage by the sensors’ 

calibration factor. The pyranometers are mounted on a Kipp & 

Zonen SOLYS 2 sun-tracker which is mounted on a cage housing 

the data logger, batteries and some electronic devices, raising the 

solar radiation sensors to a standard height of 2 meters above sea 

level as shown in Figure 1. 

 

 

Figure 1. Configuration of a SAWS radiometric station with 

an unshaded pyranometer at the centre. 
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1.2. Significance of GHI measurement 

Solar radiation measurement is important because solar radiation 

resource data is the foundation of information for the 

development of solar energy technologies [4]. Accurate 

knowledge of the strength of the sun is important for the 

technical and economic evaluation of solar energy technologies, 

therefore, obtaining true solar measurements is important in 

assessing the available solar resource at a particular location [5]. 

Reliable solar measurements are also important in the 

development of empirical models to predict and forecast the 

availability of solar energy at other locations [6]. Satellite 

derived data is also critical for better understanding wider 

coverage of solar radiation and can also be validated using high 

quality ground data [7]. According to [8] the main aim of solar 

radiation measurement is to provide investment grade bankable 

radiation data to the solar industry. It is important to provide 

reliable and accurate data sets and their related characteristics, 

that is information for different locations and temporal 

resolutions (i.e. hourly, daily, monthly, seasonal and annual 

statistics). This paper contributes towards the provision of 

reliable solar radiation data to the energy industry, project 

developers, decision makers in the financing institutions, policy 

makers and also to the scientific community.  

1.3. Data acquisition, station maintenance and sensor 

calibration 

GHI data from 13 radiometric stations located in six 

climatological regions of South Africa as shown in Table 1 were 

acquired using a Campbell Scientific CR1000 data logger. The 

sampling rate was 5 seconds and the mean, maximum, minimum 

and standard deviation values were recorded every minute. Solar 

radiation sensors were connected on the differential inputs of the 

CR1000 to minimise measurement offsets.  

 

Table 1. SAWS radiometric station location (latitude, 

longitude, altitude, data coverage and climatic zone). 

 

Maintenance, inspection and cleaning activities at these stations 

are conducted on a bi-weekly basis. These involve the dusting of 

the sensor dome using a soft lint-free cloth and distilled water to 

remove any deposits on the domes and optical windows, and 

checking of the spirit levels in the pyranometers (i.e. must be 

level horizontally), all the cables and any damages. Desiccants 

are also replaced within 6 months. Cleaning and inspection times 

are recorded and kept as metadata.  

A radiometer measures radiant energy, however, its sensitivity 

reduces with time necessitating periodic calibration of the 

instrument [9]. Frequent sensor calibration remains the best 

practice to ensure that high quality data are collected and is the 

standard operating procedure in radiation monitoring networks 

[10]. For this work, all operational field pyranometers were 

calibrated by the manufacturer and they are traceable to the 

World Radiometric Reference (WRR) based on International 

Pyrheliometer Comparison (IPC) factors. This means that 

SAWS measurements meet the international criteria for accurate 

and scientifically valid radiometric data.   

 

2. Data and Analysis Method 

 
GHI data at one minute intervals collected during the periods 

shown in Table 1 from 13 SAWS solar radiometric stations were 

subjected to quality check procedures based on Meteorological 

Organisation (WMO)’s BSRN QC standards [11,12,13]. Only 

the data that passed the first two quality check tests were used in 

the study [14,15,16]. 

After quality checks, the minute values were averaged to 15 

minutes and then 4 slots of 15 minute averages were averaged to 

get hourly mean using the methodology used in our previous 

study [17]. Hourly mean values were then averaged to get daily 

mean values and monthly mean values were calculated from 

daily mean values and from monthly mean values annual average 

values were calculated.  

Daily CM SAF Surface incoming shortwave radiation (SIS) data 

from Meteosat Second Generation (MSG) with a spatial 

resolution of 0.05° x 0.05°, covering a period from 1983 to 2019 

were also used in the study [18]. Daily insolation data from 

(NASA), (SSE) with a spatial resolution of 1° x 1° [19], covering 

a period from 2013 to 2019 were also used in the study. 

CMSAF SIS and NASA SSE daily mean data sets were validated 

using mean daily GHI per month from each station (i.e. measured 

data) and then the overall aggregated means were calculated 

from the monthly MAD for each station. Monthly averages per 

year were calculated from quality checked observation data, 

aggregated monthly means and standard deviations were 

calculated from monthly means. Aggregated seasonal and annual 



  

  

means were also calculated from monthly means. The coefficient 

of determination (r2), a measure used in statistical analysis to 

assesses how well a model explains and predicts future outcomes 

was used in the analyses of the different data sets. This measure 

gives an indication of the level of the variability in the data set 

and is used as a guideline to measure the accuracy of a model or 

specific data set. Another statistical metric used was the mean 

absolute deviation, which is the average distance between data 

points and the mean and gives an idea of the variability in a data 

set (i.e. high variability indicates the data are spread out while 

low variability indicates that the data are clustered together). 

 

3. Results and Discussions  

 
3.1 BSRN QC results  

The BSRN QC approach [11,12,13] was applied to check the 

quality of minute GHI data and suspected values were discarded 

before conducting any analysis. The results were as shown in 

Table 2 and these show that the overall percentage was good 

indicating that the data were of good quality with an average of 

98.25 %. All 13 stations had more that 95 % and less than 5 % 

erroneous data, missing data (i.e. data coded 5) and data that 

failed comparison tests (i.e. when GHI parameters were 

compared to other radiation parameters and coded 16 and 32) 

dominated the percentage of bad data with 1.36 %, 1.07 % and 

3.76 %. 

 

Table 2:  Summarises the BSRN QC results as percentages 

of the data associated with a code per station 

3.2 Validation results 

Daily GHI values were compared to their corresponding values 

from CMSAF SIS and NASA SSE and the results are shown in 

Table 3. As shown in Table 3, CMSAF data showed a very good 

relationship when compared with the observation data with an 

overall MAD of 11.81 W/m2 and r2 of 0.943. NASA SSE showed 

an overall MAD of 19.59 W/m2 and r2 of 0.870. All the stations 

met the optimal accuracy target of 15 W/m2 [20] when compared 

to CMSAF SIS data set.  

 

Table 3: Summaries the validation results between SAWS 

GHI observations, CMSAF SIS and NASA SSE. 

 

Using CMSAF SIS data sets, climatological trends can also be 

determined. In this paper, a case study of Polokwane GHI data 

sets from 1983 to 2018 were analysed.  The results were as 

shown in Figure 2 and reveal that the GHI quantities fluctuate, 

and the trend line shows general decrease over the time. From 

Figure 2, the long term average from 1983 to 2018 was 231.6 

W/m2 and this value falls within the annual average that was 

calculated using observation data 232.23 W/m2 +SD (i.e. 232.23 

± 9.63 W/m2).  

 

 



  

  

 

Figure 2: Polokwane GHI annual climatology and trends 

from 1983 to 2018 using CMSAF SIS satellite data.   

 

The CMSAF SIS gridded data set can also be used to get a full 

map of the country showing daily mean, monthly mean, seasonal 

mean and annual mean values represented by different colours. 

In this paper, the mean monthly GHI values for January 2017 for 

South Africa was represented as shown in Figure 3. In January 

2017, Thohoyandou received lowest amount of SIS ranging from 

235-245 W/m2 and Upington received the highest amount of SIS 

ranging from 340-350 W/m2. These values were in agreement 

with the long term monthly average observation for January with 

Upington having the highest of 343.99±SD and Thohoyandou 

243.72±SD.  

 

 

Figure 3: CMSAF SIS gridded data set used to plot January 

2017 monthly mean for a whole South Africa. 

Aggregated monthly means and their standard deviations (SD) 

were calculated using monthly means calculated from minute 

quality checked GHI values and the results are as shown in Table 

4 and Table 5.  The highest GHI value of 370.18 W/m2 was 

recorded in Upington in December while Cape Point recorded 

the lowest GHI of 98.51 W/m2 in June. Of all the stations, 

Upington had the highest annual GHI of 265.63 W/m2 while 

Durban had the lowest annual value of 186 W/m2. The annual 

SD ranged from 8.72 W/m2 to 15.12 W/m2. Cape Point had the 

lowest annual variability while Irene had the highest annual 

variability. It was observed that that the variability was generally 

higher in summer when the values of GHI were high and lower 

in winter when the GHI values were low.   

 

 

 

Table 4: Aggregated monthly mean (Mean) and SD from 

January to June. 



  

  

 

Table 5: Aggregated monthly mean and standard deviations 

from July to December. 

Aggregated seasonal averages and annual averages were also 

calculated with their corresponding CMSAF SIS values and the 

results are shown in Figures 4 -7. From the results, stations in 

arid, cold and temperature interior climatological regions had 

consistently higher GHI values with annual values of more than 

230 W/m2 while stations in hot interior, subtropical coastal and 

temperature coastal climatological regions had consistently 

lower GHI values with annual values of less than 220 W/m2.  

 

 

Figure 3: Aggregated annual mean GHI for all SAWS 

radiometric stations. 

The annual mean GHI ranged from slighted greater than 250 

W/m2 to slightly less than 200 W/m2, most of the stations had 

GHI values between 200 W/m2 and 250 W/m2.  

 

 

Figure 4: Aggregated summer (December, January and 

February) mean GHI for all SAWS radiometric stations. 

 

Upington, De Aar, Prieska and Cape Point received more than 

300 W/m2 GHI while Nelspruit, Durban and Mthatha stations 

receives less than 250 W/m2 in summer.  



  

  

 

Figure 5: Aggregated autumn (March, April and May) 

mean GHI for all SAWS radiometric stations. 

In autumn all the stations except Durban received more than 200 

W/m2.  

 

 

Figure 6: Aggregated winter (June, July and August) mean 

GHI for all SAWS radiometric stations. 

 

In winter all the stations except Durban received more than 200 

W/m2. 

 

 

 

 

 

Figure 7: Aggregated spring (September, October, 

November) mean GHI for all SAWS radiometric stations. 

In spring all the stations except Durban received more than 200 

W/m2. GHI amounts decreased from Northwest of the country to 

Southeast, with inland stations having slightly higher GHI values 

than coastal stations this can be because of lower elevation, high 

humidity and cloudiness conditions on the coastal sites. 

 

5. Conclusion 

The GHI data quality recorded at SAWS was found to be of good 

quality with less than 5 % of data being erroneous based on the 

BSRN quality check test. This indicates that the data are reliable 

for use in solar resource assessment. CMSAF SIS data showed a 

very good relationship with observed data compared to NASA 

SSE data and it also met the optimal accuracy target of 15 W/m2. 

The validation process confirmed that these data can be used 

with confidence for different renewable energy applications. The 

mean monthly, seasonal and annual values can be useful in 

providing solar radiation information that can be used to make 

decisions regarding the location and selection of solar energy 

technologies. The radiation amounts were higher in summer than 

in winter as expected for locations in the Southern hemisphere. 

According to [21] detection of climatological variation requires 

at least decadal monitoring of solar radiation and testing the 

accuracy of understanding of the climate system and the 

anthropogenic process requires half of a century of observations; 

to achieve this SAWS continue to focus on minimizing data loss 

and regular calibration of the radiometric network for long term 

measurement of reliable, high quality solar radiation data sets.  
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