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Abstract. The solar radiation reaching the ground level on horizontal surfaces is of interest to 

many domains. The database HelioClim-1 contains daily values of radiation for 21 years: 1985-

2005. It has been derived from Meteosat images and covers Europe, Africa and Atlantic Ocean. It 

is compared to ground-based measurements in Mozambique collected from the World Radiation 

Data Center. The quality of HelioClim-1 is good: the root mean square difference is approximately 

30 W/m², and the correlation coefficient is greater than 0.85. These results are similar to those ob-

tained by previous studies for Europe. HelioClim-1 is freely available through the SoDa Service 

and offers a reliable and accurate knowledge of the solar radiation and its daily, seasonal and an-

nual variations over recent years. 
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1. Introduction 

The solar radiation reaching the ground level on horizontal surfaces is of paramount importance in 

many applications, from climate to health [1]. The amount of power available on a surface of 1 m² 

integrated over the whole spectrum of the solar radiation is called surface solar irradiance (SSI).  

The SSI is an Essential Climate Variable as designed by the Global Climate Observing System 

in August 2010 [2]. Meteorological networks measure the density of energy received on a horizon-

tal plane at ground level during the day: this is the daily irradiation, also called daily solar exposure, 

and expressed in MJ/m² or J/cm². The daily mean of SSI is expressed in W/m² and is derived by 

convention from the daily irradiation by dividing it by the number of seconds in 24 h, i.e., 86400 s. 

Accurate assessments of SSI can now be drawn from satellite data [3]. Stations measuring SSI 

on the long-term are rare and satellites are an accurate way to complement or supplement them. The 

HelioClim project is an initiative of MINES ParisTech launched in 1997, to increase knowledge on 

SSI and to offer SSI values for any site, any instant over a large geographical area and long period 

of time, to a wide audience [3, 4]. It covers Europe, Africa and the Atlantic Ocean. The HelioClim-

1 database, abbreviated in HC-1, offers daily values of SSI for the period 1985–2005. It has been 

created from archives of images of the Meteosat First Generation (MFG) satellites. The Meteosat 

series of satellites are geostationary and provide synoptic views of Europe, Africa and Atlantic 

Ocean for meteorological purposes. They are nominally located over the Gulf of Guinea at longi-

tudes close to 0° at a distance around 36 000 km from the Earth surface. Initiated by the European 

Space Agency, the program is currently operated by Eumetsat, a European agency comprising the 

national weather offices. Only images taken in the visible channel are dealt with in this paper. Such 

images clearly depict clouds and more generally the optical state of the atmosphere (Figure 1). 
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Figure 1. Example of a Meteosat image in visible channel, taken on 11 November 2003, at 1100 UTC. Reflectance in-

creases from black to white. Copyright Eumetsat, 2003. 

Several comparisons between HC-1 values and measurements made at a number of meteorolog-

ical stations have been performed and concluded on satisfactory performances of HC-1 for daily 

means of SSI [5, 6]. However, most of the stations used in [5] were located in Europe, a few were 

available in Africa and very often for a limited period of time. As for [6], the stations were located 

in Northern Africa exclusively: Egypt, Tunisia, Algeria. 

Therefore, efforts focused on equatorial and tropical Africa must be made in order to assess the 

quality of HC-1 in this region. This communication presents the first step: HC-1 is compared to 

ground-based measurements made in Mozambique. The database HC-1 is briefly presented in the 

next section. Then, we discuss the ground-based measurements, how to obtain them and their quali-

ty. The following section presents the results of the comparison. Finally, we conclude on the possi-

ble exploitation of HC-1 for studies in Africa. 

2. The HelioClim-1 Database (HC-1) 

When the project HelioClim was launched in 1997, storage and computing capacities were much 

more limited than today. In addition, Meteosat images in full resolution were too costly for our 

available resources. Therefore, we used a set of images in reduced spatial and temporal resolution 

called B2. This set was created for the International Satellite Cloud Climatology Project (ISCCP) to 

better handle and exploit this wealth of information [7]. This B2 data set was used previously by a 

European consortium to create the first atlas of solar radiation in Africa [8]. This atlas combined 

with ground-based measurements was exploited to propose a solar radiation climate map of Africa 

comprising 20 climates [9]. 

The B2 data set spans from 1985 to 2005. It covers the whole field of view of Meteosat. Meteo-

sat data were converted into radiances taking into account the sucession in time of satellites, sen-

sors, and gains [3]. A consistent time-series of images of radiances was thus obtained for this 21-

years period. Each image of radiances was processed by the Heliosat-2 method [10], yielding an 

image of the hourly mean of SSI. Then, the daily mean of SSI is computed from all images availa-

ble for this day and pixel. It is stored into the HC-1 database that comprises 118 500 B2 pixels. 
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A web service, i.e. an application that can be launched by the Web, provides a time-series of SSI 

for any site, and any period between January 1, 1985 and December 31, 2005. It performs the re-

trieval of the time-series for each of the nine nearest B2 pixels and their interpolation in space. This 

service also performs the temporal aggregation of the data: one can ask for daily or monthly means 

of SSI. The initial version of the HC-1 database was released in 2003. Several corrections were fur-

ther made [3, 6]. The current version HC-1v4 has been available since March 2006 [3]. 

This database is disseminated on the Web by the SoDa Service [11] (www.soda-is.com). Thanks 

to the efforts made freely by the company Transvalor managing the SoDa Service, the access HC-1 

is for free since 1
st
 January 2011. Time-series spanning the whole period can be downloaded in a 

few clicks without registration.  

3. Ground-based measurements 

National meteorological services (NMS) usually measure solar radiation at a few sites. Data are sent 

to the World Radiation Data Center (WRDC), located in Saint-Petersburg, in Russia, under the con-

trol of the World Meteorological Organization (WMO). There the data are archived and published. 

Not all African countries measure daily irradiation. Actually, most of them do not measure ir-

radiation but only sunshine duration. Keeping a good quality in instruments such as pyranometers is 

very demanding in human resources and money. Not all NMSs have the necessary resources availa-

ble from year to year, not taking into account the political troubles that occurred in tropical and 

equatorial Africa in the past decades. In addition, not all NMSs are sending their data to WRDC for 

reasons unknown to us. 

The situation is that there is a fairly limited amount of African stations offering long time-series 

of daily irradiation of moderate to good quality available in WRDC. A few of them are located in 

Northern Africa, namely Egypt, Tunisia, and Algeria. In the tropical and equatorial Africa, Mozam-

bique is one exception. Thirteen stations have reported radiation data to WRDC between 1985 and 

1998. However, after 1998, only 3 stations reported radiation data with many gaps in data. At the 

time of writing, only 1 station measures radiation data, the others have stopped or report sunshine 

duration only. 

Quality of measurement is difficult to assess from the WRDC archives. All data are scrutinized 

at WRDC and quality-flagged before entering archives. However, no information on quality is pro-

vided with the radiation data. Thus, we have to consider that these data meet the requirements set by 

WMO for international exchange: relative uncertainty is 5% to 10% for good to moderate quality 

[12]. 

Efforts were made and are being made to publish data on the Web. For data prior to 1994, a 

joint effort by WRDC and the National Renewable Energy Laboratory (NREL) of the USA resulted 

in an automatic delivery system based on e-mail. This system is very convenient though it has a few 

drawbacks. The major one deals with the format of data which are returned in ASCII format. Some-

times spaces between successive values are replaced by the digit 1, yielding large incorrect numbers 

that must be separated accordingly. Thus, one has to scrutinize the data returned by the automatic 

system to detect these cases and correct them. This may be an additional cause or error in data. For 

data in 1994 and after, WRDC has set up a Java-based interface which is very convenient to display 

the data but does not allow downloading data. Consequently, data have to be copied by hand or oth-

er solutions such as optical character recognition which are not fully satisfactory. Whatever the so-

lution, it requests manual handling of numbers which may be another source of error. 

Getting data from WRDC has some risk and burden. However, it is a much better situation than 

if one has to request data separately to each NMS. 
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4. Comparing HC-1 to ground-based measurements (WRDC) 

The comparison between HC-1 and WRDC measurements follows the ISO standard [13]. For each 

day when HC-1 and WRDC data are available and valid, the difference (HC-1 – WRDC) is com-

puted. These differences are summarized by the bias and the root mean square difference (RMSD). 

In addition, the correlation coefficient is computed. 

The two time-series to compare are different in nature. WRDC data are made of pin-pointed 

time-integrated measurements, while satellite-derived values are space-averaged instantaneous as-

sessments. Accordingly, a discrepancy is expected because of the natural variability of SSI in space 

and time. [14] established that a substantial part of the difference between satellite-derived data and 

ground-based measurements comes from three different sources. The error in measurements is one 

of the sources: it may amount to 5% to 10% in our case. The natural variability of the SSI within a 

pixel of a few km in size may amount to 5% of the mean SSI as shown by a few experiments [14]. 

Finally, when performing the comparison, one makes the hypotheses of ergodicity and spatial ho-

mogeneity of the SSI: this may induce an additional error of 3% of the mean SSI. Though it is diffi-

cult to predict because all these errors are not random variables, we can expect a discrepancy of a 

few percent relative to the daily mean of SSI. 

We have selected three stations: Beira, Maputo, and Tete (Table 1). They are in flat areas, sepa-

rated by hundreds of km, and therefore for a given day, the three sites experience different weather 

situations. Table 1 confirms what we wrote earlier: it is difficult to have time-series spanning over 

more than 15 years. However, the number of days having valid values for both HC-1 and WRDC is 

of order of thousands. Thus, the validation of HC-1 is statistically representative. 

Table 1. Stations used in this study, and periods of data. 

 Beira Maputo Tete 

Latitude -19.48 -25.58 -16.11 

Longitude 34.54 32.36 33.35 

Elevation a.s.l. (m) 10 70 123 

Period of data 
1985-01-01 

to 1997-02-28 

1985-01-01 

to 2005-12-31 

1985-04-16 

to 1998-12-31 

 

Figure 2 displays the correlogram between ground-based measurements (horizontal axis) and 

HC-1 (vertical axis) for Maputo. The identity line is also reported as well as the linear regression 

line. The scattering of measurements is fairly low. Points lie along the identity line except for larg-

est irradiances; HC-1 has a tendency to underestimate the largest irradiances. 

The results of the comparison for each station are presented in Table 2. It appears that the three 

stations exhibit similar results. The bias is negative: HC-1 underestimates the SSI. The bias is small: 

between 10 W/m² and 13 W/m² in absolute value. It corresponds to approximately 4 % to 5% of the 

mean SSI, and to 2% to 3% of the radiation at the top of atmosphere. The scattering of the differ-

ences is limited: the RMSD is 13% to 15% of the mean SSI. The correlation coefficient is large: 

greater than 0.85. HC-1 reproduces well the day-to-day variations of the actual SSI. 
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Figure 2. Scatterplot of daily mean of SSI between ground-based measurements and HC-1 for Maputo. The identity line 

is reported as well as the least-squares regression line.  

 

Table 2. Comparison between HC-1 and WRDC for daily mean of SSI. Percentages are relative to the mean value. 

Daily mean of SSI Beira Maputo Tete 

Mean value (W/m²) 234 222 229 

Number of days 3403 7265 3716 

Bias (W/m²) -13 (-5%) -12 (-5%) -10 (-4%) 

RMSD (W/m²) 33 (13%) 31 (14%) 36 (15%) 

Correlation coefficient 0.900 0.932 0.849 

 

The daily mean of the SSI I can be written as: 

I(d) = I0(d) KT(d) 

where d denotes the day, I0 the irradiance at the top of atmosphere on a horizontal plane and KT 

is the clearness index. I0(d) can be perfectly modeled by analytical functions [1]. A similar equation 

holds for the SSI from HC-1, IH: 

IH(d) = I0(d) KTH(d) 

and for the SSI IW measured by ground-based stations 

IW(d) = I0(d) KTW(d) 

The presence of this common factor I0 in IH and IW creates a natural correlation. I0 offers low 

variation from one day to another and exhibits a marked yearly period. 

On the contrary, KT represents the optical state of the atmosphere for the current day and has a 

stochastic nature. There is no mathematical reason for KTH and KTW being correlated; if they are, it 

is because the model Heliosat-2 underlying HC-1 is accurate. Therefore comparing KTH to KTW re-

veals the ability of HC-1 to depict the optical state of the atmosphere and its variations. In this com-

parison of clearness indices, we expect lower performances than in the comparison of SSI because 

of its stochastic nature. 
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Table 3 reports the results of this comparison on KT. Expectedly, the results are similar for all 

stations. The mean value of KT is 0.6 for all stations: this high value means that the sky is often 

clear. An analysis of the statistical distribution of KT reveals that for each station there is more than 

25% of days in a year that are very clear. For these days KT is greater than 0.7, i.e. 70% of the radi-

ation available at the top of atmosphere reaches the ground. The RMSD represents at most 0.09 of 

the irradiance at the top of atmosphere. The correlation coefficient is still large: greater than 0.82. 

HC-1 reproduces well the day-to-day variations of the optical state of the atmosphere. 

Table 3. Comparison between HC-1 and WRDC for daily clearness index. Percentages are relative to the mean value. 

Daily KT Beira Maputo Tete 

Mean value (unitless) 0.59 0.59 0.60 

Bias (unitless) -0.03 (-5%) -0.03 (-4%) -0.02 (-3%) 

RMSD (unitless) 0.08 (13%) 0.08 (13%) 0.09 (14%) 

Correlation coefficient 0.872 0.904 0.817 

5. Conclusion 

The results obtained for these three sites in Mozambique are the same than those obtained by [5] in 

a similar study but limited to a few years: 1994 to 1997. This agreement supports our observations. 

The RMSD found for European and African stations in [5] is fairly similar for all stations and is 

approximately 30 W/m², which is the value reported here. In Northern Africa, the performances of 

HC-1 are much better as the RMSD is approximately 15 W/m²; this is likely due to the very fre-

quent clear sky conditions. The previous studies [5, 6] have reported that the quality of HC-1 is 

comparable to that of similar databases among the best ones. 

One conclusion of this work is that the WRDC is presently the most convenient means to access 

radiation data to African countries. 

Overall, we have found that HC-1 is a good means to assess the daily mean of SSI in Mozambi-

que. It accurately assesses the SSI level as well as its day-to-day variations. 

HC-1 offers similar performances in Mozambique than in the northern hemisphere. It contains 

consistent time-series of daily SSI for a 21-year period. Even if uncertainty is currently too great for 

accurate analyses of climate change, the availability of these time-series for virtually any location in 

Mozambique should help any community interested in climate applications to perform steps to-

wards a better knowledge of the SSI and its variation over recent years. 

This period is long compared to what is usually available in WRDC for recent decades. HC-1 

can be combined with time-series of ground-based measurements available for previous periods, 

such as made in Egypt [6] to form much longer time-series. There are other domains where HC-1 

could prove very useful in Mozambique. For example, [15] exploits HC-1 data to estimate the eva-

potranspiration in agriculture studies; [16] mentions its usefulness in selecting the most appropriate 

sites for the production of electricity by solar plants. 

HC-1 is now an element of the precursor radiation service of the GMES atmosphere service. 

GMES (global monitoring for environment and security) is the European programme for the estab-

lishment of a European capacity for Earth observation. It consists in a complex set of systems which 

collects data from multiple sources, process them and provide users through services in six do-

mains: land, atmosphere, emergency, security and climate change (www.gmes.info). 

HC-1 is available for free on the SoDa Service. Data can be downloaded easily. This availability 

aims at facilitating the use of the database HC-1. 
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