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Introduction

This paper deals with the irradiance observed at ground level on horizontal surfaces, also called surface solar irradiance (SSI). The SSI intervenes in many aspects in human, fauna and flora life in the desert climate in Northern Africa. Of particular interest nowadays to the four nations under concern in this paper: Algeria, Egypt, Libya, Tunisia, is the prospect of energy production from sun. These four nations comprise approximately 130 millions inhabitants altogether and solar energy is a key element for energy supply in the future. There are several techniques to produce heat and electricity from solar radiation. The SSI is the sum of the direct radiation, i.e., received from the direction of the sun, and of the diffuse radiation that originates from the other parts of the sky vault. Some systems are efficient only if they receive a large amount of direct radiation; others perform well also when the diffuse part represents a fair amount of the SSI. Efficient algorithms exist for the assessment of the direct and diffuse parts when the SSI is known [START_REF] Esra ; Greif | European Solar Radiation Atlas[END_REF].

Accurate knowledge of the SSI permits to design and size systems, to predict yields and outputs of these systems and to monitor them by, e.g., comparing predicted/modelled outputs to actual ones [START_REF] Drews | Monitoring and remote failure detection of grid-connected PV systems based on satellite observations[END_REF][START_REF] Imageen | Solar energy in progress and future research trends[END_REF][START_REF] Labed | The impact of solar radiation variability and data discrepancies on the design of PV systems[END_REF][START_REF] Langniss | Solar water heating: A viable industry in developing countries[END_REF][START_REF] Smyth | Integrated collector storage solar water heaters[END_REF]. In many cases, monthly values are sufficient for a first insight of the SSI. Even for such broad measurements, the problem of availability of SSI data for any location is critical everywhere in the world because there is only a few number of stations measuring the SSI, except in Europe and Northern America (Cros et al., 2004b;SWERA, 2006). Referring to the World Meteorological Organisation documentation, [START_REF] Diabaté | Solar radiation climate in Africa[END_REF] mention that if Egypt is well covered with 9 measuring sites, they found only 1 in Algeria and Tunisia and none in Libya. Accordingly, there is a lack of knowledge on the spatial distribution of the monthly means of the SSI in these nations.

A number of models have been developed to palliate the lack of measurements of the SSI in this area [START_REF] Wahab | Predicting global radiation from a satellite and a numerical model: a cooperative study[END_REF][START_REF] El-Metwally | Simple new methods to estimate global solar radiation based on meteorological data in Egypt[END_REF][START_REF] El-Metwally | Sunshine and global solar radiation estimation at different sites in Egypt[END_REF][START_REF] Ibrahim | Predicted and measured global solar radiation in Egypt[END_REF]. They range from _________________________________________________________________________________________ radiative transfer equations to the very simple regression models. The nature of radiation models in terms of simplicity depends mainly on the availability of input data and level of accuracy [START_REF] Wahab | Simple model for estimating global radiation[END_REF]. Solar resource assessment from geostationary satellites constitutes a powerful means to assess the SSI [START_REF] Cano | A method for the determination of the global solar radiation from meteorological satellite data[END_REF][START_REF] Diabaté | Estimating incident solar radiation at the surface from images of the Earth transmitted by geostationary satellites: the Heliosat Project[END_REF][START_REF] Diabaté | Description of an operational tool for determining global solar radiation at ground using geostationary satellite images[END_REF][START_REF] Hammer | Solar energy assessment using remote sensing technologies[END_REF][START_REF] Perez | Comparing satellite remote sensing and ground network measurements for the production of site/time specific irradiance data[END_REF][START_REF] Perez | Solar resource assessment: A review[END_REF][START_REF] Pinker | Modeling surface solar irradiance for satellite applications on a global scale[END_REF][START_REF] Rigollier | The method Heliosat-2 for deriving shortwave solar radiation from satellite images[END_REF].

The first purpose of this paper is to benchmark two databases derived from satellite data against available ground measurements of monthly means of SSI. These databases are the HelioClim-1 database, hereafter abbreviated to HC1, and the NASA-SSE (Surface meteorology and Solar Energy) database of the NASA, hereafter abbreviated to SSE. Several researchers have reported variations in the SSI during the second half of the 20th century, a phenomenon that has come to be known as solar dimming followed by a brightening [START_REF] Cohen | Global dimming comes of age[END_REF][START_REF] Gilgen | Means and trends of shortwave irradiance at the surface estimated from global energy balance archive data[END_REF][START_REF] Liepert | Observed reductions of surface solar radiation at sites in the United States and worldwide from 1961 to 1990[END_REF][START_REF] Ohmura | Observed long-term variations of solar irradiance at the earth's surface[END_REF][START_REF] Stanhill | Global dimming: a review of the evidence for a widespread and significant reduction in global radiation with discussion of its probable causes and _________________________________________________________________________________________ possible agricultural consequences[END_REF][START_REF] Wild | From dimming to brightening: Decadal changes in solar radiation at earth's surface[END_REF]. The second purpose of the paper is to study long-term variation of the SSI at the sites mentioned in the first part and to extrapolate the findings to the four nations using the selected SSI database.

_________________________________________________________________________________________

Meteosat images

The [START_REF] Schiffer | ISCCP global radiance data set: a new resource for climate research[END_REF], part of the World Climate Research Program (WCRP).

This reduced-resolution set is produced according to the following steps [START_REF] Anonymous | The Meteosat Archive, Format Guide No. 3, ISCCP Data Set (IDS) in OpenMTP Format[END_REF]: geometrically superimposable though they should be. We report here these findings for the benefit of all users of B2 images. Four changes are occurring during these years; they consist in _________________________________________________________________________________________ offset by one B2 pixel for the whole image. Assume a geographical site, defined by its latitude and longitude. To these coordinates correspond a B2 row and a column (line, col) in the 1985 images which constitute the relative reference. We found four periods: Several pioneering works demonstrated the interest of B2 data for producing time-series of daily values of SSI [START_REF] Ba | Satellite-derived surface radiation budget over the African continent. Part II: Climatologies of the various components[END_REF][START_REF] Raschke | Estimates of global radiation at the ground from the reduced data sets of the International Satellite Cloud Climatology Project[END_REF][START_REF] Tuzet | Estimating global solar radiation at the surface from Meteosat data in the Sahel region[END_REF]. Lefèvre et al. (2007) found that the combination of B2 images and the method Heliosat-2 of Rigollier et al.



(2004) offers enough accuracy for creating a climatological database of the daily mean SSI over large areas with a grid cell of about 5' of arc angle in size (approximately 10 km at midlatitude). They conclude that such B2 data can be used in a reliable way in producing timeseries of SSI for Europe, Africa and the Atlantic Ocean, except for very high latitudes greater than approximately 65°. The B2 data set is used to create the database HC1. As for the database SSE, it is derived from the DX data set of ISCCP [START_REF] Rossow | Advances in understanding clouds from ISCCP[END_REF] which is itself derived from the B2 data.

Accurate calibration of the satellite sensors is essential for the computation of the SSI, especially when large time-series are at stake. The ISCCP data set results from the fusion of images from all meteorological geostationary and polar-orbiting satellites and intercalibration of all sources has been performed [START_REF] Schiffer | ISCCP global radiance data set: a new resource for climate research[END_REF]. As for the HC1 database, the B2 images are calibrated according to the automatic calibration method of Lefèvre et al. (2000); the whole operation procedure is described by [START_REF] Rigollier | The operational calibration of images taken in the visible channel of the Meteosat-series of satellites[END_REF]. There has been many changes in Meteosat sensors from 1985 to 2005 and these changes induce uncertainties.

Actually, the above-mentioned authors found out that the impacts of these changes may be kept low using an appropriate method. The calibration method itself leads to uncertainties in _________________________________________________________________________________________ reflectances that have been estimated to 10 % in relative value (RMSE) by these authors. From the work of [START_REF] Lef"vre | Using reduced data sets ISCCP-B2 from the Meteosat satellites to assess surface solar irradiance[END_REF], we can compute that the relative uncertainty in irradiance arising from the calibration is approximately 1 % of the clear-sky value.

The databases HelioClim and NASA SSE

The two databases deliver daily mean of SSI from 1985 to 2005 for HC1 and 1983 to 2005 for SSE. Approximately three well sunlit B2-images can be exploited per day to compute the instantaneous SSI for these slots -typically, at 9:00, 12:00 and 15:00 UT for satellite nadir.-

The conversion of B2 digital counts into SSI and further in daily mean of SSI is described by [START_REF] Pinker | Modeling surface solar irradiance for satellite applications on a global scale[END_REF] for the database SSE and [START_REF] Lef"vre | Using reduced data sets ISCCP-B2 from the Meteosat satellites to assess surface solar irradiance[END_REF] for the database HC1. In this paper, the databases are taken as they are and we will not detail the methods.

Though presenting many differences, both methods have in common the fact that they have a Spectroradiometer). The method for HC1 calls upon the Linke turbidity factor, that integrates the effect of aerosols and water vapour [START_REF] Jacovides | Atmospheric turbidity parameters in the highly polluted site of Athens basin[END_REF]. A worldwide climatological database of the Linke turbidity factor for each month and each cell of approx. 10 km has been set up by [START_REF] Remund | Worldwide Linke turbidity information[END_REF] and is freely available at the web site www.soda-is.com.

The HelioClim databases are created and managed by Mines ParisTech (Cros et al., 2004a).

The data are accessible via the SoDa Web site (http://www.soda-is.com, [START_REF] Gschwind | Converting a successful research project into a sustainable service: the case of the SoDa Web service[END_REF]. The database HC1 comprises the equivalence of 118500 measuring pseudo-stations (the B2 pixels). Each B2 pixel is 5 km in size at satellite nadir. Given any geographical location, the Web server performs an on-line spatial interpolation using the nine surrounding pseudostations to deliver a time-series of daily mean of SSI for this location [START_REF] Lef"vre | Using reduced data sets ISCCP-B2 from the Meteosat satellites to assess surface solar irradiance[END_REF]). The release 4 of HC1 is used in this study.

_________________________________________________________________________________________

The database SSE can be accessed via the SSE web site (http://eosweb.larc.nasa.gov/sse/).

Actually, the SSI values are obtained from the Surface Radiation Budget (SRB) portion of NASA's Global Energy and Water Cycle Experiment (GEWEX). The current SRB archive is Release 3.0. The size of the cell is uniformly set to 1 ‡ of arc angle. We use in this study the release 6 of the SSE.

The ground measurements

Ground measurements were collected for the period 1985 -2005 for nine stations in Egypt by the Egyptian meteorological authority. All measurements were done with Eppley Precision Spectral Pyranometers (PSP), and the data were manually quality-controlled before delivery.

The World Radiation Data Center (WRDC) provided the data for Sidi Bou Said (Tunisia) and

Tamanrasset (Algeria). The stations are listed in otherwise, it was rejected. The same processing was applied to the HC1 and SSE data.

Correcting satellite assessment for altitude

The computation of the SSI from satellite images calls upon a digital terrain model whose cell size fits that of the pixel. For example, the HC1 database exploits the model TerrainBase whose cell size is 5 minute of arc angle (approximately 10 km at mid-latitude). This is too large to sufficiently accurate describe changes in altitude in areas of steep relief and large discrepancies can be found between the mean altitude of a cell and the altitude of a particular site within this cell.

These discrepancies have an impact on the results of the comparison of the monthly mean of SSI derived from satellite and that measured by ground instruments because the higher the elevation, the higher the SSI for similar atmospheric conditions. The use of a correction function would help in reducing the discrepancies between the satellite-derived SSI and ground measurements due to difference in altitude and accordingly, would permit to better assess the 

I c (z) = I 0 exp[-(z)] (1)
where (z) expresses the optical thickness of the atmosphere:

(z) = (z 0 )  (z0 -z) ,  =1.20 (2)
where (z 0 ) is given by:

(z 0 ) = -ln(I c (z 0 )/I 0 ) (3)
where I 0 is the irradiance measured at the top of the atmosphere.

_________________________________________________________________________________________

We have further investigated the possible application of this correcting function to all skies.

Given the SSI for any sky I, the clear-sky index K c is defined as:

I(z) = K c (z) I c (z) (4)
The clear-sky index characterizes the actual SSI compared to the clear-sky SSI. The change in irradiance I due to change in altitude z is given by

I / z = K c I c / z + I c K c / z (5)
As previously, libRadtran is used to obtain a series of simulations and compute each term in Eq. 5 in many different conditions. Additional inputs are the optical depth of the clouds and the altitude of their tops and bottoms. We found that for z ranging from 0 km to 3 km, K c remains quasi-constant while I c is changing. This means that the change in the SSI I with z in the lower layer of the atmosphere is equal to that of the clear-sky SSI I c . The righternmost term in Eq. 5 may be neglected at first order. It results that the correction function (Eqs1-3) may apply in any case.

We now use 17 stations of high quality for which the difference in altitude with that used in HC1 is greater than 200 m to validate this empirical approach (Table 2). Such a difference should lead to overestimation (if the difference is positive) and underestimation (if the difference is negative) of SSI in HC1 when compared to actual measurements. The correction function is applied to the time-series of HC1 monthly means of SSI. The clear-sky SSI I c (z) is computed with the clear-sky model of [START_REF] Rigollier | On the clear sky model of the 4th European Solar Radiation Atlas with respect to the Heliosat method[END_REF] corrected by [START_REF] Geiger | A web service for controlling the quality of measurements of global solar irradiation[END_REF].

Comparison is made between the actual measurements, the original outputs from HC1, and the corrected ones (Table 3). If the correction is efficient, one expects a decrease in bias; a decrease or stability in RMSD (root mean square difference) as well as in correlation. Benefit of correction is achieved in 13 cases out of 17 (76 % of the cases): the correction in altitude leads to a decrease of the bias. For the four other sites, overestimation by uncorrected HC1 is observed for site 1 where an underestimation was expected and inversely for sites 9, 12 and 17.

For these sites, the cause of the bias between HC1 and ground station is mostly due to other conditions than difference in altitude. Consequently, no gain can be expected. The correlation coefficient does not change noticeably with the correction. The RMSD remains similar or decrease, except for sites 1 and 17 for which the RMSD increases respectively from 14 to _________________________________________________________________________________________ 16 % and from 20 to 22 %. Similar gains are obtained for daily means of SSI but are not discussed here. Given the number of good cases and the fact that degradation of performance in adverse cases is limited, we conclude that the correction altitude is worth to be applied in a systematic way. From now on, HC1 data means HC1 data corrected for altitude. The correction was not applied to SSE because the mean altitude of the SSE cell is unknown.

Comparing databases to ground measurements

Table 4 reports on the statistical indicators of the differences between the monthly means of SSI from respectively SSE and ground sites, and HC1 and ground sites. For all sites, the correlation coefficient is large: both databases reproduce well the changes in SSI. Fig. 1 illustrates the case of Sidi Barrani for HC1; coincidence of values is attained quite often but at times, discrepancy may be large as for June 1999. Fig. 2 shows the same case but for SSE: one can see that if the SSE exhibits variations that are in line with the ground measurements (high correlation coefficient), discrepancies are very often significant.

Table 4 shows that the bias differs from site to site but in general its value is small and less than 13 W m -2 in absolute value. Exceptions are Tamanrasset (Algeria) and Sidi Barrani (Egypt) for the SSE data, where the bias reaches respectively -17 and -19 W m -2 . As a whole, both SSE and HC1 have a tendency to underestimate the SSI by a few percent with SSE performing slightly better than HC1 (-2 W m -2 versus -4 W m -2 ) but the situation varies from site to site.

There is no strong relation between the bias for SSE or HC1 and the solar radiation climatic zone: there are other factors influencing the bias. [START_REF] Cros | Simulating Meteosat-7 broadband radiances using two visible channels of Meteosat-8[END_REF] indicated that some of physical processes play a role: 1) the solar zenith angle, 2) the difference in location of both satellites that implies that the areas are observed with systematically different viewing angles, and 3) surface type; these reasons may partly explain the bias. However, one may note that SSE overestimates the SSI for polluted urban sites (Bahtim, Cairo) while HC1 underestimates it. This is likely related to the atmospheric turbidity adopted by each model (under-polluted by SSE and over-polluted by HC1 while average relative values of standard-deviation were higher than our study (11%). This means that HC1 performs better in this North African area than elsewhere.

Empirical and semi-empirical methods for assessing the SSI have been developed for decision makers because of the lack of SSI data [START_REF] Power | Estimating clear sky beam irradiation from sunshine duration[END_REF]. For example, the MBE% and RMSE% for the SSI estimated from sunshine fraction in Egypt during the period 1980-1999 are respectively 0.1 % and 6 % (El-Metwally, 2005), while RMSE% for the SSI estimated from temperature amplitude and cloud ratio is 10% (El-Metwally, 2004). The performances of SSE and HC1 are similar to those of El-Metwally ( 2005) and better to those of [START_REF] El-Metwally | Simple new methods to estimate global solar radiation based on meteorological data in Egypt[END_REF].

All mixed data were used to study monthly performance for HC1 and SSE databases (Table 5).

Statistical performance values show lower errors from April to September (5-7%) and larger ones for other months because of the increase in cloudiness in winter and autumn. Both databases show low bias except in cloudy seasons: winter and autumn (-4 to -7 W m -2 ).

Several stations exhibit high bias (-4 to -8 W m -2 ) during spring due to the increase of atmospheric extinction because of passing Khamsin depressions coming from Saharan (El- [START_REF] El-Metwally | Aerosol characteristics over urban Cairo: Seasonal variations as retrieved from Sun photometer measurements[END_REF][START_REF] El-Wakil | Atmospheric turbidity of urban and desertic areas of the Nile Basin in the aftermath of Mt. Pinatubo`s eruption[END_REF][START_REF] Zakey | Atmospheric turbidity over Egypt[END_REF][START_REF] Tadros | Determination of Angstrom coefficients from spectral aerosol optical depth at two sites in Egypt[END_REF]. As a whole, HC1 underestimates SSI during all months, except May to July; SSE overestimates SSI in summer and underestimates SSI otherwise. SSE show slightly lower bias than HC1 for most months, while HC1 shows lower error (RMSD, SD) for most months (tables 4 and 5, fig. 3).

Metwally

The correlation coefficients are high in winter and autumn and low in spring and summer for both databases. This is due to increasing aerosol amount in spring as mentioned above, however, in summer, high temperature, high transparency and semi-transparent clouds prevail, and the sky is 'dirty' most of the time. This led to a decrease in correlation coefficient in these _________________________________________________________________________________________ seasons, in spite of this, the error being low in such seasons. This can be noticed also in [START_REF] El-Metwally | Simple new methods to estimate global solar radiation based on meteorological data in Egypt[END_REF] in Egypt sites. Thus the systematic error is not evident for high correlation coefficient value since the correlation coefficient is a measure of precision rather than accuracy [START_REF] Power | Estimating clear sky beam irradiation from sunshine duration[END_REF]. The correlation coefficient values for HC1 are fairly higher than those for SSE for all months.

The validation of both databases is also made at different classes of SSI: low (SSI<100 W m -2 ), medium (100<SSI<200 W m -2 ) and high (SSI>200 W m -2 ); results are reported in table 5. HC1

and SSE show low relative error (RMDS) at high SSI (clear sky) and larger one at both low and medium SSI (cloudy and semi cloudy sky). Error and standard deviation values for all classes are slightly lower for HC1 than for SSE (6-8 % and 7-10 %, respectively). Both databases underestimate medium and high SSI and overestimate low SSI.

We can conclude that both databases SSE and HC1 are suitable for assessing the monthly means of SSI in Northern Africa. They offer a high correlation with ground measurements, little bias and standard-deviation. Consequently, one can map the SSI from these databases and use such maps for applications in solar energy. These databases have also the capability of reproducing the time-series of monthly values fairly accurately. They can be used to assess long-term variations of SSI. In this study, we find that HC1 exhibits a smaller scattering of data compared to ground measurements (smaller standard-deviation) than the SSE. A small standard-deviation is important when looking at long-term variations and we select the HC1 in the following.

Long-term variations

The variation of the yearly mean of SSI is discussed for different sites with long range of continue records Egypt in addition to Sidi Bou Said (Tunisia) and Tamanrasset (Algeria) for limited periods ( 1985-2000 and 1995-2005 respectively).

The long records (36 years) at Cairo, Bahtim, Kharga and Aswan as shown in Fig. 4 indicate the initial dimming and recent recovery; this result was noticed by [START_REF] Ohmura | Observed long-term variations of solar irradiance at the earth's surface[END_REF] The mean of normalized values with respect to the long-term means at each site are presented in Fig. 5. This figure confirms the results shown in Fig. 4. The SSI continued to decrease from the early of 1970s up to present, by 0.17, which corresponds to a decrease of ~35 W m -2 over 36 years, a result close to that of [START_REF] Ohmura | Observed long-term variations of solar irradiance at the earth's surface[END_REF] found in Egypt sites. [START_REF] Omran | Analysis of solar radiation over Egypt[END_REF] found that decline for three sites: Mersa Matruh, Cairo and Aswan for 10 years for the period from 1984 to 1994 are ~15, 16 and 21 W m -2 respectively, while we find ~14, 45 and 25 W m -2 respectively (table 7). He attributed the decline at Cairo and Aswan to the increase of atmospheric aerosols. In another study, Robaa (2008) found that the SSI received at Cairo during the non-urbanized period (1969)(1970)(1971)(1972)(1973) highly exceeded the SSI received during the recent urbanized period (1999)(2000)(2001)(2002)(2003) for all months of the year, and the annual mean of the relative reduction is ~18 %. These findings support the hypothesis of Omran. A similar conclusion was reached by [START_REF] Jacovides | Atmospheric turbidity parameters in the highly polluted site of Athens basin[END_REF] who showed that the trends in irradiance (decrease) and in turbidity (increase) observed in Athens (Greece) reflect the rapid urbanization and industrialization of the city.

The mean rate global radiation and decline in solar radiation during four decades for each site are presented in Table 8. The negative values mean decline, while positive mean ascending in solar radiation for each decade. All sites decline (negative values) in SSI at 1970s and 1980s

except Kharga in 1970s and Sidi Barrani in 1980s, while all sites decline in SSI at 2000s. However, at 1990s, the recovery can be noticed at the late 199s as in Fig. 5 for more than half sites (~2-14 W m -2 , with mean rate of change per year of 1-3 W m -2 ). Therefore, higher decline _________________________________________________________________________________________ can be noticed at Cairo and Bahtim at 1970s (~20 W m -2 , with mean rate of change per year ~2 W m -2 ) that may be due to increase in urbanization at both sites. Also, Cairo and Bahtim along with Kharga, Tahrir, Asyut and Aswan exhibit higher decline in 1980s (~12-19 W m -2 , with mean rate of change per year of ~1-2 W m -2 ) than other sites. In 2000s all sites recorded decline; Asyut and Sidi Barrani have the highest decline (~20 W m -2 and ~32 W m -2 , with rate of change per year of ~4 W m -2 and ~6 W m -2 , respectively). Generally, mean value for all sites

shows slight decline at 1970s and 2000s (~2 W m -2 and ~6 W m -2 , with mean rate of change per year of ~0.2 W m -2 and ~1.2 W m -2 , respectively), while a high decline is observed at 1980s (~16 W m -2 , with rate of change per year of ~2 W m -2 ); however the recovery can be noticed in 1990s (~7 W m -2 , with rate of change per year ~1 W m -2 ).

Figures 4 and 5 exhibit non-stationnarities both in time and space. One possible explanation maybe the 11-year solar cycle [START_REF] Varotsos | New features observed in the 11-year solar cycle[END_REF]. If it were the sole explanation, spatial stationnarity would be observed which is not the case. Other causes may be changing cloud cover, increasing manmade aerosols and the lowering of atmospheric transparency following explosive volcanic eruptions [START_REF] Norris | Trends in aerosol radiative effects over Europe inferred from observed cloud cover, solar "dimming," and solar "brightening[END_REF][START_REF] Pinker | Do satellites detect trends in surface solar radiation[END_REF]. A number of recent studies attribute changes in sunshine duration to changes in aerosol loading [START_REF] Kaiser | Decreasing trends in sunshine duration over China for 1954-1998: Indication of increased haze pollution[END_REF][START_REF] Liang | Long-term trends in solar radiation and the associated climatic factors over China for 1961-2000[END_REF][START_REF] Che | Analysis of 40 years of solar radiation data from China, 1961-2000[END_REF][START_REF] Qian | More frequent cloud-free sky and less surface solar radiation in China from 1955 to 2000[END_REF]. Aerosols do not only scatter sunlight and enhance planetary shortwave albedo-a phenomenon known as "aerosol direct effect"-but also act as cloud condensation nuclei, change cloud properties and produce essential increase in cloud albedo-a phenomenon referred to as "aerosol indirect effect" [START_REF] Quaas | Impacts of greenhouse gases and aerosol direct and indirect effects on clouds and radiation in atmospheric GCM simulations of the 1930-1989 period[END_REF]). [START_REF] Varotsos | Scaling properties of air pollution in Athens, Greece and Baltimore, Maryland[END_REF][START_REF] Varotsos | Long-range persistence in global aerosol index dynamics[END_REF] observe that the variations in space and time of the detrended fluctuations in aerosol concentration obey a power-law whose exponent varies from site to site.

Figure 6 shows the range of dimming for the area under concern and the period 1985-2005.

This map is constructed from HC1 database. As expected from the analysis of the measuring sites, values are mostly positive; only a very few spots of values close to 0 can be found (black and dark grey). It means that the area as a whole experiences dimming for the period. There is no clear structure in the map; the field is patchy. This may be due to the noise affecting HC1, expressed as the standard-deviation (SD) in previous tables. However, one notes that the range _________________________________________________________________________________________ of dimming increases from south to north as a whole. As discussed earlier, this may be due to the transportation of sand dust from Sahel northwards. [START_REF] Wild | From dimming to brightening: Decadal changes in solar radiation at earth's surface[END_REF] linked the dimming to the increase in cloud cover and aerosol loading for that period. Another explanation for several areas, especially along the Nile River, is the increase of urbanization and thus of aerosol emission leading to an increase in atmospheric extinction. All phenomena are not exclusive and may concurrently apply.

Conclusions

This study supports previous results that demonstrate that it is possible to accurately derive the SSI from geostationary meteorological satellites, even with a coarse spatial resolution. The two databases assessed exhibit similar and good performances. The bias is lower for SSE than for HC1, as a whole; inversely, HC1 exhibits a smaller scattering of data compared to ground measurements (smaller standard-deviation) than the SSE.

The SSI can be mapped from these databases and such maps can be used for applications in solar energy. These databases have also the capability of reproducing the time-series of monthly values fairly accurately. They can be used to assess long-term variations of SSI, especially HC1 because of its lower standard-deviation.

These long-term variations show that these four nations experience dimming as a whole.

Detailed analyses of the range of dimming at sites with long-term records and of its spatial distribution have been performed. It has been found that the analysis of SSI derived from satellite supports the findings for the individual sites. Several phenomena may explain the dimming. One is the transportation of sand dust northwards from the Sahel; another one is the increase in urbanization and a third one is the increase in cloud cover and aerosol loading. Table 7. Range of dimming (W m -2 ) for record dataset for each site and the mean rate of annual change in yearly means of SSI (W m -2 year -1 ) per all record dataset for each site. 

  firstly, time sampling reduces the frequency of observation to the standard meteorological synoptic 3-h intervals, starting at 0000 UTC. The Earth is scanned by the first series of Meteosat satellites in approximately 25 minutes. An image acquired at, say 1130 UTC is actually acquired between 1130 and 1155 UTC. The time used in the computations is the actual acquisition time for this particular pixel,  secondly, the higher-resolution visible-channel data are averaged to match the lower resolution of infrared-channel data (i.e. an image of 2500 x 2500 pixels with a resolution of 5 km at nadir),  thirdly, a spatial sampling is performed by taking 1 pixel over 6 in each direction, starting with the south-easternmost pixel. Thus, two B2 pixels are separated by a gap of approximately 30 km. The value of the corresponding B2 pixel is given by the radiance of the south-easternmost pixel in a 6x6 pixels square Eumetsat has an archive of B2 images, starting January 1, 1985. Mines ParisTech purchased part of this archive, from the beginning till the end of 2005. All images of this series are not

  model for the prediction of clear-sky irradiances and another model for the extinction of the radiation due to cloud presence. In the geographical area under concern, the most critical point is the clear-sky model as the skies are often clear, and especially the inputs to the model that describe the aerosols and water vapour optical properties and loading. The method for the SSE exploits the assimilation model MATCH (Model of Atmospheric Transport and Chemistry) of NCAR (The National Center for Atmospheric Research) with inputs from the sensors AVHRR (Advanced High Resolution Radiometer) and MODIS (The Moderate Resolution Imaging

  uncertainty of the satellite-derived SSI in equal conditions. Taking into account the lack of knowledge on the optical constituents of the atmosphere for each day and each site, we have opted for an empirical function. By performing several tens of simulation of the SSI under clear skies by the radiative transfer models libRadtran[START_REF] Mayer | Technical note: The libRadtran software package for radiative transfer calculations -description and examples of use[END_REF] and 6S[START_REF] Vermote | Second simulation of the satellite signal in the solar spectrum (6S), 6S: An overview[END_REF] at different altitudes for different conditions (various solar zenith angle, atmospheric and ground properties), we found an empirical correction function describing the change in clear-sky SSI I c (z) with the altitude z, knowing the clear-sky SSI I c (z 0 ) at an altitude z 0 :

  for several sites in Egypt. He also noticed that the time of the recovery was somewhat delayed in _________________________________________________________________________________________ comparison with other regions such as Central Africa and Pretoria. The other sites for 20-25 years (short records): Sidi Barrani, El Arish, Mersa Matruh, Aswan and Asyut show the same phenomena than long records. The mean curve shows the SSI reaching its peak in the late of 1960s and decreasing from the early of 1970s to the early of 1990s. Slightly recovery can be noticed in the mid of 1990s but is small (see Fig5). Generally, the SSI at all sites continued to decrease from 1970s up to present, the range of dimming is ~17-44 W m -2 for long record sites and ~8-27 W m -2 for short record (the mean value for all sites is ~25 W m -2 ). The dimming values for each site are presented in table 7. One may note exceptions in Sidi Barrani and Tamanrasset which show negative values: in both sites, the SSI increases in the recent years.

_________________________________________________________________________________________

  of the solar resource knowledge" funded by the European Commission and under a grant of the French Agency for Environment ADEME under the auspices of the Task SHC 36 of the International Energy Agency._________________________________________________________________________________________

Fig. 1 .

 1 Fig. 1. Monthly mean of SSI at Sidi Barrani measured at ground level (full line and diamonds) and from HC1 (stars) for years 1990s.

Fig. 2 .

 2 Fig. 2. As Fig.1, but for SSE.

Fig. 3

 3 Fig.3Monthly variation for RMSD and SD to both database HC1 and SSE by using all mixed data used.

Fig. 4 .

 4 Fig. 4. Annual mean of SSI for eight Egyptian sites (1969-2005).

Fig. 5 .Fig

 5 Fig. 5. As Fig. 3 but for normalized annual mean of SSI.

  Meteosat program, operated by the European Space Agency (ESA) started in 1977. The Meteosat satellites are geostationary spacecrafts which fly at an altitude of about 36,000 km over the equator, and located close to 0° longitude. Their primary mission is to generate images of the Earth showing its cloud systems both by day and by night, and to transmit these images to the users in the shortest practical time. Eumetsat (Darmstadt, Germany) is the European organisation for the exploitation of this system and dissemination of the images. The main payload of the first generation of these satellites, from Meteosat-1 up to 7, is the Meteosat Visible and InfraRed Imager (MVIRI) which is a high resolution radiometer with

three spectral bands. The visible band (VIS) measures the reflected sunlight in a broadband from 300 nm to 1100 nm. From the original VIS images, a special set of data, called ISCCP-B2, has been set up in the framework of the International Satellite Cloud Climatology Project (ISCCP)

  ). It is also observed that HC1 underestimates the SSI for both desert areas Asyut and El Kharga. The relative standard-deviation (SD) is fairly constant and exhibits values in the range 6-8 % of the mean value for both databases. However, the _________________________________________________________________________________________ standard-deviation for HC1 is fairly lower than for SSE. The correlation coefficients values from table 4 are higher for HC1 than for SSE.

	Our findings are very close to those of Lef"vre et al. (2007) for African and European sites for
	HC1; for El Arish in the period 1994-1995, they found MBE% and RMSE% values of 2 %
	and 6 % respectively, while we find 1 % and 6 % in the period 1986-2005. Average values of
	MBE% in Lef"vre et al. for African and European sites are very close to ours (-1% to 4%),

TABLE CAPTIONS Table 1 .

 CAPTIONS1 List of the stations used for the period 1985-2005. Climate number is that from Diabat‰ et al. (2004).

Table 2 .

 2 Stations used for validation of the altitude correction function. zg is the altitude of the station and zHC the altitude used in the HC1 database.

Table 3 .

 3 Performance of the altitude correction for monthly means of SSI. corrHC1 means corrected HC1. RMSD means root mean square difference.

Table 4 .

 4 Statistical performance for databases (HC1 and SSE) at all sites used in the period from 1985 to 2005. The difference is made between the satellite-derived SSI and the measured one. "All mixed" means that all sites have the same weight. RMSD means root mean square difference, SD stands for standard-deviation.

Table 5 .

 5 As in table 4 but for monthly mean of SSI for all data used mixed together

Table 6 .

 6 As in table 4 but for three classes (low, medium and high) of SSI for all mixed data used.

Table 8 .

 8 Mean annual rate of change in yearly means of SSI (W m -2 year -1 ) and decline in SSI for four decades for each site.

	_________________________________________________________________________________________

Table 1 .

 1 

	_________________________________________________________________________________________

Table 2 .

 2 

	_________________________________________________________________________________________

Table 3 .

 3 

	_________________________________________________________________________________________

Table 4 .

 4 

	_________________________________________________________________________________________

_________________________________________________________________________________________

FIGURE CAPTIONS
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(6 years)

26.3 -0.9 -7.9 -6.4 -31.9 Mersa Matruh Rate/year (W m -2 year -1 ) Decline (W m -2 ) -1.0 (9 years) -8.1 0.0 -0.4 -0.2 -1.1 Tahrir Rate/year (W m -2 year -1 ) Decline (W m -2 ) -0.6 -5.6 -2.1 -18.9 2.0 (7 years)

12.2 El Arish Rate/year (W m -2 year -1 ) Decline (W m -2 ) -2.4 (4 years) -7.1 0.6 5.4

-2.6 -12.9 Sidi Bou Said Rate/year (W m -2 year -1 ) Decline (W m -2 ) -0.8 ( 5