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Abstract  
This study reports on the performance results of the Baseline Surface Radiation Network (BSRN) quality con-
trol procedures applied to the solar radiation data, from September 2013 to December 2017, within the South 
African Weather Service radiometric network. The overall percentage performance of the SAWS solar radia-
tion network based on BSRN quality control methodology was 97.79%, 93.64%, 91.60% and 92.23% for long 
wave downward irradiance (LWD), global horizontal irradiance (GHI), diffuse horizontal irradiance (DHI) and 
direct normal irradiance (DNI), respectively, with operational problems largely dominating the percentage of 
bad data. The overall average performance of the surface solar radiation dataset – Heliosat data records for 
the GHI estimation for all stations showed a mean bias deviation of 8.28 Wm-2, a mean absolute deviation of 
9.06 Wm-2 and the root mean square deviation of 11.02 Wm-2. The correlation, quantified by the square of 
correlation coefficient (R2), between ground-based and Heliosat-derived GHI time series was ~0.98. The estab-
lished network has the potential to provide high quality minute solar radiation data sets (GHI, DHI, DNI and 
LWD) and auxiliary hourly meteorological parameters vital for scientific and practical applications in renew-
able energy technologies. 
 
Keywords: Baseline Surface Radiation Network, performance results, satellite-retrieved irradiance, ground 
stations, global horizontal irradiance  

Highlights 
• Atmospheric conditions inadvertently influence the quality of ground-based measurements of solar 

irradiances. 
• South African Weather Service’s solar resource database exhibits good quality and has both scientific 

and practical applications. 
• Satellite-derived irradiance compares favourably with ground measurements across South African 

Weather Service’s solar radiation network. 
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1. Introduction 
Knowledge of the local solar radiation arriving at 
the surface of Earth is very important for many dif-
ferent applications, such as crop growth models, 
architectural designs, planning, designing and siz-
ing of solar energy systems [1, 2, 3]. To be success-
ful in these applications, solar radiation measure-
ments are required at strategic sites [1]. Histori-
cally, solar radiation data has been measured and 
recorded by the national meteorological services 
around the world [4]. Until recently, the South Afri-
can Weather Service (SAWS) has been the primary 
source of ground-based solar radiation data in 
South Africa [5, 6]. The old solar radiometric net-
work, which was operational from 1957 to 1997, 
collapsed because of technical difficulties and lack 
of maintenance [5, 7]. Owing to the rapid develop-
ment of solar-based renewable energy technolo-
gies and projects, the demand for reliable and accu-
rate data for site-specific solar resource assess-
ment has increased [4]. Quality control (QC) may 
be a tedious process and, as a result, most users are 
keen to use data directly from meteorological ser-
vices with confidence without performing an addi-
tional and fine data check [8]. To this end, in 2013, 
the SAWS re-established the national solar radio-
metric network, comprising thirteen new stations 
within the country’s six climatic zones [9]. These 
stations are equipped with robust and reliable in-
struments suitable for Baseline Surface Radiation 
Network (BSRN) solar radiation measurements 
[10]. Climatic zones are regions with similar cli-
matic conditions [11] and, according to Conradie 
[9], they were established to classify different areas 
based on their maximum energy demand and max-
imum energy consumption. Where each radio-
metric station is located, there is an automatic 
weather station (AWS) measuring hourly tempera-
ture, rainfall, pressure, humidity, wind speed and 
wind direction to provide auxiliary meteorological 
parameters. Measurements of solar radiation are 
more susceptible to errors than other meteorolog-
ical parameters [12]. According to Urraca et al. 
[12], there are two major sources of these errors 
related to ground-based solar radiation measure-
ments: equipment and operational errors. Equip-
ment errors are inherent to the type and construc-
tion of the sensors used in the measuring campaign 
[4, 8]. Solar measuring sensors produce electric 
current when reacting with radiation, which is con-
verted into measurement of solar radiation. Solar 
radiation measurement instruments are also prone 
to change in sensitivity, thermal offsets, spectral ef-
fects, geometry and the environment [4]. On the 
other hand, operational errors are independent of 
the type of sensor, and involve different factors 
such as shading by nearby objects or dust covering 
the dome of the sensor, incorrect levelling, station 

shut-downs, and electric fields near cables or a 
malfunction in the data-logger. Careful selection of 
the place to install the station, as well as a regular 
maintenance, can ameliorate most of these opera-
tional errors. Applying a QC procedure becomes an 
essential step before using ground-based datasets 
[4, 8] to identify and quantify all the different types 
of errors in the measurements of solar radiation. 
According to Huld et al. [13], accurate and reliable 
solar radiation measurements provide investment-
grade bankable solar radiation data to the solar en-
ergy industry, project developers, decision makers 
in financing and policy-making institutions, and the 
scientific community. Accurate ground-based solar 
radiation data is also important for the improve-
ment and validation of satellite-derived solar radi-
ation data and scientific models.  

In the present study, the BSRN QC procedures 
were applied to the solar radiation data within the 
SAWS radiometric network, with data coverage 
from September 2013 to December 2017. 

2. Material and methods 
2.1. Ground-based solar radiation data 
The datasets used in this study consist of ground 
measurements registered at thirteen stations in 
South Africa, owned and maintained by the SAWS. 
They are evenly distributed in six different climatic 
regions [11] over an area bounded by latitudes 23° 
to 34° south and longitudes 18° to 31° east, Figure 
1. The elevation of the stations ranges from 80 m to 
almost 1700 m, as described in Table 1.  

Table 2 provides information on the manufac-
turer and type of instruments used at the measure-
ment stations. De Aar, located in the Northern 
Cape, is a BSRN station utilising two ventilated 
CMP21 pyranometers by Kipp & Zonen, which are 
rated in the highest possible International Organi-
zation for Standardization pyranometer perfor-
mance category. The ventilation units keep the py-
ranometer's domes clean from frost and water. Pe-
riodical maintenance procedures are applied to the 
various instruments to satisfy the BSRN quality re-
quirements. The ground-based solar radiation da-
tabase contains one-minute values of all the meas-
ured parameters at each station. 

 
2.2. Satellite-derived solar radiation data 
The surface solar radiation dataset – Heliosat (SA-
RAH) [18] is part of the climate data records pro-
duced by Satellite Application Facility on Climate 
Monitoring (CMSAF), where the objective is to pro-
duce a temporally homogeneous data  record for 
long times suitable for climate analysis, i.e., assess- 
ment of anomalies and trends. The SARAH data rec-
ords are derived using data from the Meteosat vis-
ible infra-red imager instruments of the Meteosat 
First Generation satellites (Meteosat 2-7) up to the
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Figure 1: Location of the thirteen considered stations and the six climatic regions (Hot interior, 
Temperate interior, Arid interior, Cold interior, Sub-tropical coastal and Temperate coastal). 

Table 1. Coordinates of the considered stations in South Africa. The length of the time series, in 
months, is also indicated, along with the starting date of the dataset registered at every station. 

South African Weather Service current  

Station Latitude Longitude Altitude Data coverage Climatic zone  

  (S, positive)* (E, positive)* (m)    

Prieska -29.68 22.71 989 2013-09 to 2015-08 Arid interior 
Upington -28.48 21.12 848 2014-02 to 2017-12 Arid interior 
De Aar -30.67 23.99 1 284 2014-05 to 2017-12 Cold interior 
Irene -25.91 28.21 1 524 2014-03 to 2017-12 Temperature interior 
Nelspruit -25.39 31.10 870 2014-05 to 2017-12 Hot interior 
Mahikeng -25.81 25.54 1 289 2014-08 to 2017-12 Temperature interior 
Mthatha -31.55 28.67 744 2014-07 to 2017-12 Subtropical coastal 
Bethlehem -28.25 28.33 1 688 2015-01 to 2017-12 Cold interior 
Cape Point -34.35 18.48 86 2015-01 to 2017-12 Temperature coastal 
George -34.01 22.38 192 2015-01 to 2017-12 Temperature coastal 
Durban -29.61 31.11 91 2015-03 to 2017-12 Subtropical coastal 
Polokwane -23.86 29.45 1233 2015-03 to 2017-12 Temperature interior 
Thohoyandou -23.08 30.38 619 2015-03 to 2017-10 Hot interior 
S = South; E = East 
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Table 2. Solar radiation and meteorological parameter instrument manufacturer,  
type and uncertainty [10]. 

Manufacturer Type and uncertainty Parameter Station 

Kipp & Zonen  Solys 2 Sun Tracker Track the sun  All stations  

Kipp & Zonen  CHP1 Pyrheliometer (0.5% or 1.5 
Wm-2)  Direct normal irradiance  All stations 

Kipp & Zonen  CMP11 (no. 1: Sun) Pyranometer 
(2% or 5 Wm-2)  

Global horizontal  
irradiance  

All stations except 
for De Aar 

Kipp & Zonen  CMP11 (no. 2: Shaded) Pyranome-
ter (2% or 3 Wm-2)  

Diffuse horizontal  
irradiance  

All stations except 
for De Aar 

Kipp & Zonen  CMP21 (no. 1: Sun) Pyranometer 
(2% or 5 Wm-2)  

Global horizontal  
irradiance Only at De Aar 

Kipp & Zonen  CMP21 (no. 1: Shaded) Pyranome-
ter (2% or 3 Wm-2)  

Diffuse horizontal  
irradiance  Only at De Aar 

Kipp & Zonen  CGR4 Pyrgeometer (2% or  
3 Wm-2)  Long-wave irradiance  Only at De Aar 

Kipp & Zonen  CUV-5 UV radiation (290-385 
nm) Only at Prieska  

Kipp & Zonen  UVS-AB-T UV-A & UV-B  All stations except 
for Prieska  

Vaisala  Barometer PTB110 Pressure  All stations 
RM Young Wind Sensor  Model 05103 Wind  All stations 
Rotronic temperature 
and humidity probe  HC2-S3 Humidity and  

temperature  All stations 

UV = ultraviolet, UV-A = ultraviolet A, UV-B = ultraviolet B 

end of 2005 and from the spinning enhanced visi-
ble and infra-red imager (SEVIRI) instruments on 
the Meteosat second generation (MSG) (Meteosat 
8-10) satellites thereafter. The SARAH provides 
data for the GHI and DNI irradiance at the earth 
surface from 1983 to date at high temporal (down 
to 30 minutes, but also daily and monthly averages) 
and spatial (0.05° x 0.05°) resolutions. Surface so-
lar radiation is obtained using a modified Heliosat 
method to calculate the effective cloud albedo and 
the Specmagic clear-sky model [14], which is an ex-
tension to spectral bands of the mesoscale atmos-
pheric irradiance code model [15]. The Specmagic 
uses monthly average values of atmospheric water 
vapour content from the European Centre for Me-
dium-Range Weather Forecasts Reanalysis (ERA-
interim) product and long-term monthly climatol-
ogies of aerosol optical depth based on monitoring 
atmospheric composition and climate [16, 17]. Val-
idation of SARAH, using high-quality ground sta-
tions from international networks, e.g., BSRN, 
http://bsrn.awi.de, as well as from national net-
works, has been published [18-21]. At present, the 
SARAH dataset provided by CMSAF exists in two 

versions. The dataset used in the present work is 
based on version 1 of SARAH, with one difference: 
the hourly data used here are calculated from one 
satellite image per hour. In contrast, the SARAH 
version 1 data available from CMSAF use a 
weighted average of three half-hourly satellite im-
ages to calculate the hourly solar radiation values. 

2.3. Methods for quality control and validation 
2.3.1. Quality control of solar radiation data 
The schematic diagram illustrating the methodol-
ogy considered in the present study is given in Fig-
ure 2.   

According to Urraca et al. [20], there are several 
and diverse QC methods applied to solar radiation 
data by different meteorological services and inde-
pendent researchers. The SAWS has preferred to 
use well-known QC procedures from the BSRN 
[22]. These QC procedures mark those samples 
identified out of the normal test limits of data and 
usually leave the decision of removing marked 
cases to the user. In this study, the BSRN QC proce-
dures with three levels of testing was applied on the 
archived monthly minute data stored in a central 
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Figure 1: Flow chart of the quality control applied to South African Weather Services solar radiation 

data, where GHI = global horizontal irradiance, DHI = diffuse horizontal irradiance, DNI = direct 
normal irradiance, LWD = long-wave downward irradiance, GPRS = general packet radio service,  

T = time, UTC = Coordinated Universal Time, BSRN = Baseline Surface Radiation Network,  
QC = quality control. 

database. Each point minute data is associated with 
its own quality code (see Table 3) after the test. 
These tests can be classified in three major catego-
ries: physical possible limits, extremely rare limits, 
and coherence between measurements or across 
quantities relationships, which can be defined as 
follows. 
• Physical possible limits: check for possible 

physical reasonable maximum and minimum 
values. These extremal values are assigned 

codes 1 and 2 corresponding to less than a min-
imum and greater than maximum reasonable 
values, respectively [12, 22]. Data that did not 
pass this test is flagged and excluded from fur-
ther analysis. 

• Extremely rare limits: check the data that is 
in the physical possible limit range for random 
errors often associated to unusual weather 
conditions like multiple reflection between 
broken clouds and the snow surface or a track-
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ing problem (hardware). Typical tracking 
problems experienced at some of the stations, 
include, power failures due to damaged elec-
tric cables and overcharging batteries. Moreo-
ver, mechanical damage to the tracking instru-
ment was experienced, resulting from severe 
thunderstorms, wind and hail. Therefore, data 
that is beyond the extremely rare cases should 
at least be visually inspected and, if no physical 
reasons is found, it is excluded from the analy-
sis. 

• Coherence between measurements: com-
pared measurements or across quantity rela-
tionships are based on the relationship among 
the three main solar radiation parameters: 
GHI, DHI, and DNI. In cases where GHI and DHI 
are almost the same, most of the values do not 
pass the coherence quality test. This usually 
happens when the DHI sensor was exposed to 
the sun, thus recording similar values as GHI, 
resulting from a tracking problem. Data that 
does not pass this test is flagged and excluded 
from further analysis.  

Table 3. Description of quality control (QC) 
flags for South African Weather Service solar 

radiation data. The flag numbers are a summa-
tion of all three QC stages; and each one  

indicates a stage where the data failed the  
QC test [22]. 

Flag 
no. 

Description  

0 Good quality, passed all three QC tests 
5 Missing data (placeholder -999 when  

archiving) 
8 Data is above extremely rare limits  
10 Data is above physical possible and  

extremely rare limits  
16 Data is below compared measurement 
24 Data is above extremely rare limits (coded  

as 8) 
26 Data is above physical possible and  

extremely rare limits (coded as 10) 
32 Data is above compared measurement 
40 Data is above extremely rare limits and  

compared measurement  
42 Data is above physical possible, extremely 

rare limits and compared measurement  
 
The minute ground-based solar radiation data 

of GHI, DHI, DNI and LWD from all thirteen SAWS 
solar radiometric stations (Table 1), were sub-
jected to quality check procedures based on BSRN 

QC standards [22, 23, 24] before the validation was 
performed. Only the data that passed the first two 
quality check tests (physically possible limits and 
extremely rare limits) was used in the validation. 
Files containing missing values and the data that 
did not pass the first two BSRN QC tests were 
flagged and later replaced by not a number (NaN) 
before that timestamp was considered for the vali-
dation [22, 23, 24]. Moreover, the minute values 
were averaged to 15 minutes and then four slots of 
15-minute averages were averaged to get hourly 
mean values [23, 24]. Furthermore, all night values, 
values between sunset (20:00) and sunrise (05:00) 
based on South African standard time, i.e., when the 
solar zenith angle is less than 90°, were replaced by 
0. Hourly mean values were then averaged to get 
daily mean values and, subsequently, monthly 
mean values calculated from the daily mean values. 

2.3.2. Validation of the satellite-based solar  
radiation 
Quality controlled irradiance values in the valida-
tion of satellite-based models involved a compari-
son of computed monthly mean satellite-retrieved 
estimates with monthly averaged ground-based 
solar radiation data. The CMSAF-SARAH monthly 
mean surface incoming shortwave radiation data 
with a spatial resolution of 0.05°x 0.05° from MSG 
was validated against concurrent quality-checked 
monthly average GHI values calculated from mi-
nute GHI values measured from thirteen SAWS so-
lar radiometric network. According to Schulz et al. 
[25], the CMSAF-SARAH products are accurate 
enough to be used for solar energy applications and 
to support meteorological organisation with diur-
nal, sub-seasonal and seasonal solar radiation data 
sets.  

Validation metrics 
The validation metrics, including the mean bias de-
viation (MBD), mean absolute deviation (MAD), 
root mean square deviation (RMSD) and the square 
of correlation coefficient (R2), were calculated from 
all the months with 90% or more [19] data that 
passed the quality tests. In addition, calculations 
were made for diffuse fraction (DHI/GHI) and 
clearness index (GHI/top of atmosphere), hereaf-
ter referred to as DF and KT, respectively. The DF 
and KT were calculated for all thirteen stations 
from the months with 90% or more [19] of both 
GHI and DHI data that passed the quality tests. An-
nual average temperature and humidity levels of 
each station from 2013 to 2017 were also calcu-
lated for each radiometric station, using hourly 
data from AWS. Satellite-retrieved and ground-
based solar radiation values of GHI were compared 
at the different stations for every year and month 
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independently. The MBD, RMSD and MAD in abso-
lute (Wm-2) values were computed according to 
Equations 1 to 3 [3, 26, 27]. In addition to these, the 
R2 correlation coefficient was also calculated using 
Equation 4 [26, 27]. 

     𝑀𝑀𝑀𝑀𝑀𝑀 = 1
𝑁𝑁
� (𝐺𝐺𝑖𝑖𝑠𝑠 − 𝐺𝐺𝑖𝑖𝑚𝑚) 𝑁𝑁

𝑖𝑖=1  (1) 
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𝑖𝑖=1   (2) 
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      𝑅𝑅2 = 1 −
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2
 

𝑁𝑁

𝑖𝑖=1

  (4) 

where 𝐺𝐺𝑖𝑖𝑠𝑠 is the satellite-retrieved irradiance value 
at the ith time point and 𝐺𝐺𝑖𝑖𝑚𝑚  is the ground-based so-
lar radiation value for that timestamp; N is the total 
number of points considered in the period of time 
analysed (year or month); and 𝐺𝐺𝑚𝑚���� is the average 
ground-based solar radiation value during the con-
sidered time. 

3. Results and discussion 
3.1 The BSRN quality control  
The BSRN QC results are presented in Tables 4 and 
5, where the overall percentage performance of 
SAWS’ solar radiation network based on BSRN QC 
procedures was 97.79%, 93.64%, 91.6% and 
92.23% for LWD, GHI, DHI and DNI respectively. 
Operational problems dominated the percentage of 
bad data as follows: LWD 2.21%, GHI 1.6%, DHI 
3.57% and DNI 3.57%. Only data represented by 
code 0 was regarded as having passed all the three 
BSRN QC tests and, thus, representing the overall 
percentage performance. Code 5 represents miss-
ing data or data that was not recorded, which is in-
dicative of overall percentage of the operational 
problems and errors. On the other hand, codes 8 
and 10 represent data that failed first and second 
BSRN QC tests respectively. All the irradiance data 
sets passed the first QC test and only 0.3% of GHI 
and DHI data failed the second QC test. Code 16 and 
32 represent data that failed the third BSRN QC 
test, with the results showing that at least 4% of 
GHI, 4.3% of DHI and 4.2% of DNI failed the meas-
urement coherence test between them. Code 40 
represents data that failed both the second and 
third BSRN QC test and code 42 represents data 
that failed all three BSRN QC tests. For the valida-
tion, the data coded 0 were used. This data was re- 

garded as good quality because it passed all quality 
tests and useable. On the other hand, data bearing 
the codes 5, 8, 10, 16, 32, 40 and 42 was discarded, 
replaced by NaN, and was not considered for fur-
ther analysis in the validation because it failed ei-
ther of the three quality tests. The final volume of 
monthly data used at every station depended on 
the QC results of the measured values. Riihela et al. 
[19] advocate validating satellite products against 
in situ measurements with more than 90% of good 
quality data. 

3.2 Validation of the satellite-derived solar  
radiation product 
Considering the results obtained in all the stations, 
the overall average performance of the SARAH data 
record for the GHI estimation showed an MBD of 
8.28 Wm-2, MAD of 9.06 Wm-2 and RMSD of 11.02 
Wm-2. Analysing the correlation between ground-
based and satellite-derived GHI time series with 
the R2 coefficient, the average performance of the 
SARAH satellite product in the estimation of the 
GHI values was ~0.98. Table 6 presents the abso-
lute average MBD, RMSD and MAD values obtained 
from the validation of the complete valid time se-
ries of the SARAH GHI estimates at every station. 
Besides the R2 coefficient, the number of months 
used at every location is also indicated. 

From the validation of the global irradiance es-
timates, the SARAH product provided accurate es-
timates of the monthly average GHI values in every 
location other than Durban and Cape Point, where 
it also showed the highest overestimation. This 
overestimation at these locations could indicate ei-
ther a problem with the ground measurements or 
a misinterpretation of the input parameters, such 
as aerosols or albedo, used by the satellite method 
[29]. In addition, low altitudes, 91 m and 86 m, re-
spectively, may have exacerbated the overestima-
tion.  

According to Posselt et al. [28], the validation 
accuracy threshold for MAD of monthly mean GHI 
against SARAH monthly mean GHI ought to be 15 
Wm-2, target accuracy threshold is 10 Wm-2 and op-
timal accuracy threshold is 8 Wm-2. The compari-
son between concurrent SARAH GHI against SAWS 
GHI monthly means showed a great similarity with 
MAD of less than 15 Wm-2 in 11 of 13 stations. Fig-
ure 3 shows only Cape Point (temperature coastal) 
and Durban (subtropical coastal) stations had an 
MAD greater than the validation threshold accu-
racy of 15 Wm-2, recording 18.9 Wm-2 and 19.0 Wm-2, 
respectively.  

Prieska, Upington, De Aar, Irene, Mafikeng, 
Bethlehem, Polokwane (stations located in the arid 
climatic regions, cold interior and temperature in-
terior) reached an optimal threshold with a MAD of  
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Table 4. Weighted averages of all Baseline Surface Radiation Network – quality control codes for global horizontal irradiance, diffuse horizontal irradiance 
and direct normal irradiance, respectively, per station from when the station started recording a full month of data to end of December 2017. 

Parameter Global horizontal irradiance  Diffuse horizontal irradiance  Direct normal irradiance  
Code/Sta-

tion 
0 5 8 10 16 32 40 42 0 5 8 10 16 32 40 42 0 5 8 10 16 32 40 42 

Prieska 96.91 2.79 0.0 0.0 0.0 0.27 0.00 0 96.77 2.79 0.15 0.01 0.17 0.03 0.01 0.00 96.85 2.79 0.07 0.01 0.26 0.02 0 0.00 

Upington 97.29 1.61 0.0 0.0 0.7 0.41 0.00 0 97.20 1.61 0.06 0.06 0.39 0.68 0.01 0.00 97.23 1.57 0.17 0.00 0.29 0.54 0 0.00 

De Aar 97.02 2.13 0.0 0.0 0.0 0.80 0.00 0 97.02 2.24 0.21 0.01 0.79 0.05 0.01 0.00 96.79 2.13 0.21 0.00 0.79 0.06 0 0.00 

Irene 96.89 0.02 0.1 1.2 0.8 0.54 0.14 0 96.93 0.02 0.20 1.04 0.89 0.79 0.00 0.00 96.86 0.02 1.39 0.00 0.87 0.79 0 0.00 

Nelspruit 93.45 0.01 0.1 0.8 0.1 5.58 0.02 0 93.42 0.01 0.08 1.24 5.14 0.08 0.00 0.01 93.64 0.01 0.70 0.00 5.56 0.10 0 0.00 

Mahikeng 94.86 0.04 0.2 0.8 0.4 3.62 0.05 0 94.80 0.04 0.27 0.83 3.72 0.40 0.00 0.00 95.10 0.04 0.83 0.00 3.74 0.38 0 0.00 

Mthatha 99.16 0.01 0.0 0.0 0.2 0.60 0.02 0 99.16 0.06 0.02 0.00 0.60 0.21 0.00 0.00 99.15 0.00 0.02 0.00 0.62 0.21 0 0.00 

Bethlehem 94.70 0.12 0.1 0.9 0.7 3.31 0.14 0 92.12 2.12 1.51 1.06 3.45 0.65 0.07 0.01 94.74 0.12 1.00 0.01 3.45 0.71 0 0.00 

Cape Point 92.37 3.13 0.0 0.0 0.3 4.17 0.03 0 90.56 3.13 1.77 0.02 4.19 0.28 0.02 0.00 92.38 3.13 0.04 0.00 3.60 0.26 0 0.00 

George 84.07 2.85 0.1 0.0 2.5 11.32 0.04 0 83.81 5.47 0.38 0.01 11.6 1.23 1.12 0.01 84.00 5.63 0.09 0.00 11.45 2.35 0 0.00 

Durban 95.59 0.01 0.0 0.0 1.5 2.87 0.00 0 74.98 20.64 0.08 0.00 2.87 1.51 0.00 0.01 75.70 20.00 0.0 0.00 2.86 1.43 0 0.00 

Polokwane 84.12 2.32 0.0 0.2 0.5 7.26 0.10 0 83.64 2.32 0.66 0.09 7.44 0.46 0.00 0.00 84.06 2.32 0.25 0.00 7.44 2.28 0 0.00 

Thohoyandou 90.84 5.61 0.0 0.0 4.9 1.16 0.00 0 90.41 6.00 0.01 0.00 1.60 4.46 0.00 0.00 92.70 6.00 0.00 0.00 1.21 1.64 0 0.01 

Overall 93.6 1.59 0 0.3 1 3.22 0.04 0 91.6 3.57 0.42 0.34 3.29 0.83 0.1 0.01 92.23 3.37 0.37 0 3.24 0.83 0 0.01 

  

Table 5. Weighted averages of all Baseline Surface Radiation Network - quality control codes 
for long wave downward irradiance at De Aar from February 2014 to end of December 2017. 
Parameter Long-wave downward irradiance  

Code/Station 0 5 8 10 16 32 40 42 
De Aar 97.79 2.21 0 0 0 0 0 0 
Overall 97.79 2.21 0 0 0 0 0 0 
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  Table 6. Results from the validation of the global horizontal irradiance estimates retrieved from the 
Surface Solar Radiation Dataset – Heliosat, which are comparable to other countries. 

Station 
Latitude Longitude Altitude N MBD MAD RMSD r2 

(S, positive) (E, positive) (m) (Months) (W/m2) (W/m2) (W/m2)   

South African Weather Service current 
Prieska -29.68 22.71 989 22 4.2 4.2 5.4 0.998 
Upington -28.48 21.12 848 44 -0.9 4.8 5.2 0.995 
De Aar -30.67 23.99 1284 40 0.8 3.6 4.6 0.997 
Irene -25.91 28.21 1524 41 6.9 7.8 10.0 0.981 
Nelspruit -25.39 31.10 870 42 8.9 9.0 11.4 0.958 
Mahikeng -25.81 25.54 1289 39 4.1 5.1 6.9 0.989 
Mthatha -31.55 28.67 744 41 10.3 10.3 12.1 0.982 
Bethlehem -28.25 28.33 1688 30 5.2 5.6 7.7 0.989 
Cape Point -34.35 18.48 86 29 18.9 18.9 21.5 0.991 
George -34.01 22.38 192 35 12.5 12.5 13.5 0.997 
Durban -29.61 31.11 91 23 19.0 19.0 20.1 0.981 
Polokwane -23.86 29.45 1233 29 7.4 7.6 11.6 0.964 
Thohoyandou -23.08 30.38 619 30 10.3 10.4 13.2 0.964 

Spain 
Almeria 36.85 -2.39   12 -5.4 7.5 9.8 0.990 
Malaga 36.72 -4.48   12 -5.9 7.6 9.7 0.990 
Bilbao 43.17 -2.91   12 6.5 10.2 13.9 0.989 

Sweden 
Visby 57.67 18.35   212 -4.7 5.8 7.7 0.890 
Lund 55.71 13.21   222 0.8 5.0 7.1 0.900 
Karlstad 59.36 13.47   214 -3.3 4.9 7.0 0.900 

Finland 
Helski-Kumpula 60.20 24.96   35 -5.5 6.4 8.0 0.900 
Uto 59.78 21.37   97 -8.1 8.2 10.1 0.920 
S = South, E = East, N = number of months, MBD = mean bias deviation, MAD = mean absolute deviation, RMSD = root 
mean square deviation.  

Figure 3: Monthly MAD values for the validation of the GHI estimates derived from the SARAH 
product for all locations. 
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less than 8 Wm-2 when compared to the SARAH GHI. 
On the other hand, Nelspruit (hot interior) reached 
a target accuracy threshold with MAD less than 10 
Wm-2, while Thohoyandou (hot interior), George 
(temperature coastal) and Mthatha (Subtropical 
coastal) meet the validation threshold with MAD 
less than 15 Wm-2. 

3.3 Diffuse fraction and clearness index 
The clearness index and diffuse fraction shown in 
Figure 4 depict higher values (near 1) of clearness 
index, implying a clear sky and calm atmosphere. In 
case of Upington and De Aar, clearness index aver-
ages were >0.6 throughout the year. The diffuse 
fraction of solar radiation was also calculated for all 
locations and found to vary from 0 to 1. Higher val- 

ues indicate more aerosols and clouds. The values 
for diffuse fraction for Upington and De Aar were al-
ways <0.3 in all months, indicating suitability of the 
locations for solar energy prospecting. 

4. Conclusions 
The Baseline Surface Radiation Network quality 
control (BSRN QC) tests proved to be effective and 
efficient in detecting errors at different stations.  
• The overall average performance of the surface 

solar radiation dataset – Heliosat (SARAH) data 
record for the global horizontal irradiance 
(GHI) estimation for all the stations exhibited 
mean bias deviation of -8.28 Wm-2, mean abso-
lute deviation of 9.06 Wm-2, and root mean 
square deviation of 11.02 Wm-2.  

 

 
Figure 2: Monthly diffuse fraction and clearness indices for one station per climatic region: (a) = 

Upington, (b) = De Aar, (c) = Durban, (d) = Cape Point, (e) = Irene, (f) = Nelspruit. 

(a) (b)

(c)
(d)

(e) (f)
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• The SARAH estimates can provide the basis for 
further analysis, such as the one presented in 
this study on annual photovoltaic electricity 
production.  

• The overall percentage performance of SAWS’ 
solar radiation network based on BSRN QC pro-
cedures is 97.79%, 93.64%, 91.6% and 92.23% 
for long wave downward irradiance, GHI, dif-
fuse horizontal irradiance and direct normal ir-
radiance, respectively, demonstrating the po-
tential value of SAWS solar resource database 
for practical and scientific applications in South 
Africa.  
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