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Abstract

This study examined the surface global solar irradiation variability in the southern Algerian region, with regard to the regional
climatic and environmental features. The statistical analysis used ground data acquired in measurement stations operated
by a technical platoon of meteorologists and physicists at the Renewable Energy Research Unit in the Saharan Environment
(URER/MS). A graphical statistical analysis of long-term solar irradiance data is performed using appropriate visualiza-
tions, such as time series plots, box plots, and histograms. The data used is that of the decade (2011-2020), and the analysis
is extended to the last 30 years (1990-2020) based on solar radiation data handed by the National Aeronautics and Space
Administration (NASA). The present study takes advantage of a unique and high-quality dataset consisting of 10 years of
concurrent records of global solar irradiation in the South Algerian region. The results of this study pointed out a remarkable
variability in seasonal and annual scales and confirmed that this region has enormous solar energy potentiality, where the
average periodic diurnal energy for global solar radiation measured on a horizontal plane exceeds 6.16 kWh/m?/day and an

additive total energy of 2. 2 MWh/m?*time on average.

Keywords Global solar radiation - Measured data - NASA data - Statistical analysis

1 Introduction

Utilizing renewable energy sources is a crucial measure in
addressing and minimizing the severe consequences of cli-
mate change. Significant evidence has emerged in recent
years indicating the remarkable potential for expansion in
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the renewable energy sector; in 2020, there was a substantial
increase in renewable energy capacity, the renewable energy
sources contributed to more than 27.6% of the world’s elec-
tricity generation (IRENA 2023).

The assessment of the impacts of increasing renewable
energy share in the Algerian energy system uses a mixed-
integer linear programming approach. This approach has dem-
onstrated that the energy system can successfully transition to
a low-carbon system, but challenges such as system reliability,
costs, and infrastructure remain (Dokkar et al. 2023).

To meet the electricity demands for domestic, com-
mercial, or industrial purposes, solar energy stands out as
the most advantageous renewable energy source due to its
numerous benefits. It is readily available and abundant, capa-
ble of fulfilling a substantial portion of our energy require-
ments. Among the various solar technologies available, solar
photovoltaic technology is the most recognized and widely
adopted option.

In Algeria, there has been a noticeable increase in the
development of solar photovoltaic (PV) farm capacities,
with the outlook indicating a growing number of solar power
projects in the future (Kada Bouchouicha et al. 2021a, b;
Guermoui et al. 2021; Hassan et al. 2021; CEREFE 2020).
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When choosing a location for such installations, it is vital
to take into account multiple factors to enhance the produc-
tion efficiency of the solar PV farm while keeping project
costs in check. Among these factors, the most crucial is the
amount of solar radiation a site receives, which significantly
influences the farm’s effectiveness and financial viability (K.
Bouchouicha et al. 2021a, b).

The complexity of solar radiation variability makes it
challenging to comprehensively analyze it in both spatial and
temporal dimensions. However, advanced analytical tech-
niques, including time series analysis, regression analysis,
machine learning algorithms, and spatial analysis methods,
can be employed to gain insights into this variability (Goliatt
and Yaseen 2023; Upadhyay et al. 2023; El-Kenawy et al.
2022; Keshtegar et al. 2022; Bellaoui et al. 2021). This is
essential for more efficient usage of solar energy resources,
ultimately facilitating the more effective utilization of solar
energy resources (Okono et al. 2022; Torbus et al. 2023;
Makade et al. 2021; Salhi et al. 2023).

Numerous research efforts have been conducted to ana-
lyze the historical solar energy resources in terms of solar
irradiation and sunshine duration data. The primary goal
of these studies is to detect persisting trends and iden-
tify their driving factors (Nunez and Li 2008; Manara
2019; Friedlingstein et al. 2022). For instance, a study by
Katipoglu (2022) focuses on detecting solar radiation trends,
particularly in terms of sunshine duration, along with the
consideration of meteorological variables such as seasonal
and annual temperature, maximum precipitation, relative
humidity, and wind speed. Feng et al. (2021) examine the
long-term solar radiation variation trends and spatial pat-
terns in mainland China, presenting a unique viewpoint
through the application of an optimized empirical model.
In the context of climate change, some studies investigate the
influence of climate change on solar irradiance patterns. For
example, Zagouras et al. (2013) utilize historical data and
climate models to assess how cloud cover and other climatic
variables have affected solar irradiance. These studies aim
to provide valuable insights into the complex relationship
between solar radiation and climate change, which is crucial
for understanding and managing energy resources in the face
of climate change irradiance (Watanabe et al. 2016).

In this context, the present work provides information and
knowledge on the temporal variability of the surface solar
irradiation in the southern Algerian region using ground
data collected over 10 years from measurement stations
operated by a dedicated team of meteorologists and physi-
cists at the Renewable Energy Research Unit in the Saharan
Environment (abbreviation in French URER/MS). It also
aimed to investigate the climatological trends in the sur-
face solar radiation data. The present study takes advantage
of unique high-quality concurrent records of global solar
irradiation in this national territory region. Detailed studies
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based on real ground measurements for solar radiation in
the Saharan region are rare, due to the lack of specialized
radiometric measurement stations (Bouchouicha 2017). The
scope of this study is to characterize the variability of the
solar radiation in the Algerian desert climate in particular
and may serve as an indication of what might be expected
in other desert regions of the world.

The composition of a precise radiometric database
requires a quality management system, planning, and execu-
tion of the main measurement operations based on interna-
tional standards (Myers 2013; OMM 2011). The research
unit in renewable energies in the Saharan environment
(URER/Ms) with its scientific vocation in Renewable Ener-
gies tries to complete measurement campaigns and instal-
lation of high-quality solar radiation measuring devices
(Bouchouicha and Oulimar 2013; Oulimar et al. 2022) to
meet national needs for information and scientific data on
solar energy.

In this contribution, we will present the statistical analysis
of the 10-year (2011 —2020) collected data with different
time slices from the small hourly variation to the long-term
variation (climatological normal), the selected measure-
ments related to global radiation assessment collected at
the URER-MS site situated at a latitude of 27.52° N and a
longitude of 0.18° W, with an elevation of 292 m above sea
level (Kada Bouchouicha et al. 2019; 2018). Due to the lack
of good-quality long-term solar irradiance measurements
corresponding to a 30-year climatological period according
to the latest WMO guidelines (OMM 2017), and in order to
expand the analysis of time series data by the standard clima-
tological normal for the most recent 30-year period, a second
set of data used is MERRA-2 (Modern Era Retrospective
Analysis for Research and Application) data set (available
at http://gmao.gsfc.nasa.gov/reanalysissMERRA-2) and is
provided by National Aeronautics and Space Administra-
tion (NASA) Goddard Space Flight Center (POWER/Data
Access Viewer 2022). Monthly data of global solar radiation
on a horizontal surface were obtained from the archives of
30 years between January 1991 and December 2020 from
the NASA website (Data Access Viewer 2022).

This paper is organized as follows: Sect. 2 presents
the data and methods employed in this study. Section 3 is
dedicated to the presentation and discussion of the results.
Finally, in Sect. 4, we summarize the primary conclusions
and discuss possible future work on the subject.

2 Materials and methods
2.1 Studyarea

This study was carried out in the southwestern region of
Algeria (Fig. 1), exactly in the province of Adrar. This
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Fig. 1 Geographic location, the World Map
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region is rich in solar potential, as can be seen in Fig. 1,
which illustrates the spatial distribution of the annual aver-
age of daily global solar irradiation at the surface (Bou-
chouicha et al. 2015; Razagui et al. 2017; Bouchouicha
and Oulimar 2013); the final illustration of the image
was made by using QGIS Software v3.30.3 (QGIS 2023).
With a hot desert climate (K&ppen climate classification:
BWh) (Hassan et al. 2022; El-kenawy et al. 2021), the
region is characterized by very high daily temperatures in
summer; moderate in winter, and uniformly low relative
humidity. The mean temperature is 27 °C with an average
daily maximum of 34 °C and an average daily minimum of
20 °C: July is the hottest month of the year with an average
monthly maximum temperature of 46.8 °C, and January
is the coldest month with an average monthly minimum
temperature of 6.4 °C (Oulimar et al. 2022). The relative
humidity is about 24% (Data Access Viewer 2022). Rain-
fall is very rare throughout the year. The average sunshine
duration is about 9.7 h per day (Oulimar et al. 2022) (Ouli-
mar et al. 2022). There are no distinct seasons except for
the dust wind period which lasts from around March to
May and occasionally in winter when there is bad weather
in the north of the region. Meteorological measurements
such as sunshine hours and solar radiation are given in
solar time, which coincides with Greenwich Mean Time.

2.2 Measurement data

The radiometric measurements play a very important role
in any dimensioning and characterization of a solar system,
and any measurement uncertainty contributes to the overall
doubt of a result, The radiometric uncertainty can be created
from three sources: calibration of measurement instrumenta-
tion; data acquisition and recording equipment; data saving
and processing (Myers 2013).

The long-term measurements used in this study were
collected at the meteorological and radiometric station
belonging to the Renewable Energy Research Unit in the
Saharan Environment (URER/MS) in Adrar. The station
is affiliated with the Algiers Renewable Energy Develop-
ment Center (CDER) and is situated at a latitude of 27.52°
N and a longitude of 0.18° W, with an elevation of 292 m
above sea level (Bouchouicha and Oulimar 2013). Figure 1
shows the geographical location of the GIS/URER/MS sta-
tion. Solar irradiance data has been recorded since 1995,
but a reliable and accurate dataset, achieved through the
deployment of more measurement instruments, starts from
January 2010. Current data on solar radiation for horizontal
surfaces (global and diffuse radiation scattered by the sky)
and inclined south-facing surfaces have been measured using
Kipp & Zonen Delft BV CM11 Pyranometers, which are
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considered to constitute a secondary standard according to
the ISO 9060 norm.

The radiometric station is equipped with CM11 Kipp &
Zonen pyranometers for measuring global solar radiation
on horizontal surfaces and inclined south-facing surfaces as
shown in Fig. 2a and b, respectively. It also includes a sun
tracker and an Eppley NIP Pyrheliometer with a solar tracker
device for measuring direct solar radiation (Fig. 2c). In addi-
tion, there is a pyranometer equipped with a Kipp & Zonen
CM11/121 shadowband to measure the diffuse component of
solar radiation (Oulimar et al. 2022) (Fig. 2d). Furthermore,
it features a Type J thermocouple for temperature measure-
ment (Fig. 2e). Finally, a photovoltaic solar kit is installed
to ensure nearly complete energy self-reliance throughout
the day.

All instruments have been periodically calibrated follow-
ing World Meteorological Organization (WMO) recommen-
dations at the Algerian Meteorological Office’s calibration
laboratory in Tamanrasset, with regional standards refer-
enced as WMO AHF29225 and International Pyrheliom-
eter Comparison (IPC-XI) 2011. All these measurements are
taken every second with a Fluke 2635A Hydra Data Acqui-
sition Unit and then averaged and recorded every minute.
The station undergoes manual supervision, including visual
inspection of leveling, cleaning of the optics, and checking
of clocks..., every day. For a schematic of the setup of the
station, see Fig. 2.

2.3 NASA/POWER CERES/MERRA2 data

To expand the analysis of time series data in accordance
with the standard climatological normal corresponding
to a 30-year climatological period according to the latest
WMO guidelines (OMM 2017), a second set of data has
been employed in this study; the MERRA-2 data set is avail-
able at http://gmao.gsfc.nasa.gov/reanalysis/MERRA-2 and
provided by NASA/Goddard Space Flight Center.

Solar POWER data is inferred based on satellite observa-
tions; meteorological parameters are based on the MERRA-2

Fig.2 The measurement station
(GIS/URER/MS)
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assimilation model. Uncertainty estimates are based on
comparisons with surface measurements. A more detailed
description of the parameters and the procedures used to
estimate their uncertainties is given on the NASA web-
site (NASA Prediction of Worldwide Energy Resources)
(POWER/Data Access Viewer 2022). Other validation
results have been reported by (White et al. 2011) and (Bou-
chouicha et al. 2015; 2019; 2018); in this work, monthly
data of global solar radiation on a horizontal surface were
obtained from the archives of the National Aeronautics
and Space Administration (NASA) (POWER/Data Access
Viewer 2022) during 30 years between January 1991 and
December 2020. The data are used in the extended analy-
sis. MERRA-2 data have demonstrated their performance
in reproducing historical climate and their ability to com-
plement observed data through comparisons with surface
measurements (Razagui et al. 2021; Jed et al. 2022).

2.4 Methodology

The dataset employed in this study consists of 1-min inter-
val data obtained from the URER-MS station. The global
horizontal and diffuse irradiance measurements over this sta-
tion for 10 years are pre-processed by the EPSE team. The
detailed description of how daily and monthly data averages
and totals are calculated can be found on the WRDC website
(WMO World Radiation Data Centre 2018). The data have
been prepared for analysis at various temporal scales, with
a particular emphasis on conducting hourly, daily, monthly,
seasonal, and annual analyses.

The graphical statistical analysis of long-term solar irra-
diance data is performed using appropriate visualizations,
such as time series plots, box plots, and histograms. A vari-
ety of graphical tools and approaches were used for visually
exploring, analyzing, and interpreting the dataset at various
time scales (hourly, daily, monthly, seasonal, and annual) in
order to gain insights and identify trends and patterns in the
data. Additionally, statistical properties such as minimum,
maximum, mean, and standard deviation of the time series
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are examined to detect potential temporal changes. In order
to analyze the interannual variability of the global solar radi-
ation, we employ the standardized variable index (denoted
as “I”), as defined by the following equation (Célestin et al.
2019):

X - X

1)) = ’6 ey

where X;, X,, and ¢ are respectively the value for the consid-
ered year (or month i), the average, and the standard devia-
tion of the time series. We considered that a year is normal
when its index is included between — 1.0 and + 1.0. It will
be in surplus if its index is greater than + 1, and will be con-
sidered a deficit when its index is below — 1.

3 Results and discussion

The evaluation of long-term solar irradiance measurement
variability was carried out across various time scales, includ-
ing hourly, daily, monthly, and interannual, spanning the
period from 2011 to 2020. In order to assess the variations
in solar irradiance throughout the year and across different
times of the day, we calculated the average solar irradiance
values for specific hours (averaged over days and months)
and for individual months (averaged over hours and days).
The graphical statistics analysis, using various graphi-
cal tools (time series plot, monthly and seasonal averages,
box plots, histograms, etc.) are presented in the following
paragraphs.

3.1 Hourly irradiation
The hourly change of the global solar radiation on the hori-

zontal plane (Fig. 3) shows that the hourly change per day
of radiation on a horizontal plane varies during the day from

sunrise to sunset, it exceeds 500 Wh/m? between 9 a.m. and
3 p.m. the maximum is recorded around solar noon with
over 800 Wh/m?.

For the hourly change per month in the year (Fig. 4),
when we take the average of the hourly energy for the peak
hour at solar noon over all the years studied, we notice that
the month of June records an average of about 1000 Wh/m?
at this time, for the other month the average of the hourly
energy at noon is above 600 Wh/m? at this time.

A heatmap illustrating the intensity of hourly global solar
irradiance across the months is presented in Fig. 5. The hori-
zontal columns represent the hours of the day, while the
vertical rows represent the months of the year.

The hours with the highest values are evident by the
presence of warmer red colors. The figure illustrates that
the site experiences consistently high solar radiation inten-
sity throughout the year. On a monthly basis, the intensity
reaches its peak between 11:00 a.m. and 2:00 p.m. local
time. In June, the hourly peak of solar irradiance reaches
1007.2 Wh/m*.

To analyze the distribution of hourly solar irradiation over
the entire time series, we utilize a frequency distribution
graph presented in Fig. 6; we select specific data within the
time range of 09:00 to 16:00 local time (GMT + 1). This
corresponds to a time range that excludes sunrise and sun-
set time throughout the year and to avoid the measurement
affected by natural masks, especially at the beginning and
end of the day.

From the frequency histogram shown in Fig. 6, it was
observed that the highest peak frequencies correspond to the
range of global solar radiation between 600 and 700 Wh/m?
with a value equal to 15.08%. On the other hand, the lowest
peak frequencies in the histogram correspond to the range of
solar radiation below 100 W/m? with a value equal to 3.39%.
We can observe that all other ranges of solar radiation, espe-
cially the ranges within 300 to 1000 Wh/m? have near values

Fig.3 Hourly global irradiation 900 T
distribution measurements at
Adrar station (2011-2020) 800 -

-
(=3
o

Hourly mean radiation (wh/m?)

Time
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Fig.4 Monthly average hourly
global irradiation distribution
on a horizontal plane—Adrar
(2011-2020)

Fig.5 Monthly average hourly
global irradiation distribution
on a horizontal plane—Adrar
(2011-2020)

Month

Fig.6 Frequency distribution of
hourly solar irradiation
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of frequency distribution, and the hourly solar irradiance of
more than 300 Wh/m? occurs about 84.5%.

3.2 Daily irradiation

The daily change of the global solar radiation on the hori-
zontal plane (Fig. 7) shows that it changes per day of radia-
tion during the year from January to December. The daily
energy is calculated from sunrise to sunset for each day of
the year; it exceeds 3.5 kWh/m? for most days of the year.
The maximum is recorded between June 5th and 15th with
more than 8.4 kWh/m? per day; in this decade (2011-2020),
the average of the day which recorded the maximum energy
is June 10 with over 8.5 kWh/m?.

Understanding how daily global irradiation varies by
month or season is crucial for solar energy applications,
especially in system design and maintenance. In this context,

the monthly average and total of daily global solar radiation
on horizontal surfaces using the daily data are calculated for
each month over a period of 10 years from 2011 to 2020.
Figure 8 represents the monthly distribution of daily global
horizontal irradiation.

In Fig. 9, we can find a representation of the monthly
average and total of daily global solar radiation on horizon-
tal surfaces. It can be observed that the monthly mean and
total variations of radiation during the year from January to
December, the monthly mean energy is calculated from all
days of each month in this studied decade (2011-2020); it
has a minimum in December with over 4000 Wh/m?/day and
a maximum of 8000 Wh/m?*/day in June. The monthly total
radiation is calculated by summing of energy of all days of
the month in the year; it has also a minimum in December of
126 kWh/m*/month and a maximum of 242 kWh/m*/month

in July.

Fig.7 Daily global irradia-
tion on a horizontal surface at
Adrar (2011-2020). The red

line shows the 10 years daily
average

Daily global irradiation on a horizontal surface (kWh.m~2.Day~*)

Fig. 8 Monthly average of daily
global horizontal irradiation dis-
tribution—Adrar (2011-2020)
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Fig.9 Monthly average daily and total global irradiation—Adrar site (2011-2020)

The box plots of seasonal and annual variability of global
solar irradiation at the surface are presented in Fig. 10a and
b, respectively. The line within each box corresponds to the
median values, while the boxes and vertical bars visually
represent the extent of annual average variation, taking into
account one-standard deviation and two-standard deviation
intervals.

Figure 10a shows that during the summer months, the
median of the global solar irradiation is higher with less
variability compared to the other seasons, while the winter
season exhibits the lowest intensity. The amplitude of the
daily variability of solar radiation is wider in spring and
autumn. This observed behavior aligns with the prevailing
climatic conditions experienced during these specific sea-
sons, which can be attributed to the influence of cloud cover
and the presence of dust particles in the atmosphere.

The box plots in Fig. 10b highlight the diverse annual
variations in daily global solar irradiation over the decade
from 2011 to 2020. The datasets exhibit significant differ-
ences in median and standard deviation over the years, with
noticeable positive and negative trends. The annual average
value is about 6.18 kWh/mZ/day, the maximum, of about

Seasonal Variation in Solar Irradiation

—

©

@

~

o

==

1

a

Solar Irradiation (kWh. m~2. Day~!)
«

N w

Winter Spring Summer Fall

Season

Solar Irradiation (kWh. m~=2. Day~1)

6.34 kWh/mZ/day, is reached in 2019, and the minimum, of
around 5.98 kWh/mleay, is reached in 2017. In terms of
annual total energy, the value ranges from 2.1 to 2.3 MWh/
m? per year.

Daily global solar irradiation frequency histogram was
conducted using 10 years of data (Fig. 11). The figure shows
that daily solar irradiance of more than 4 kWh/m*/day occurs
about 92.1%. The highest frequency occurs at solar irradi-
ance of 4-5 kWh/m*/day, with a value equal to 22.66%.

Another important aspect to consider regarding daily
solar irradiation is identifying interannual variability using
the standardized variable index. As shown in Fig. 12, a
statistically significant positive trend was observed on an
annual basis during two periods: from 2011 to 2013 and
from 2017 to 2019, with significance in the latter period. In
contrast, a negative trend was observed from 2013 to 2017.

3.3 Climatological normal
In this part, we use data from the latest standard clima-

tological normal, which now refers to the most recent
30-year period whose last year ends with the number 0

Yearly Solar Radiation Distribution
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Fig. 10 Box plots of seasonal and annual variability of daily global solar irradiation
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Fig. 11 Frequency histogram of
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0.0

Relative Anomaly
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(1991-2020) according to the latest WMO guidelines
(OMM 2017), and because of the insufficiency of our
database (URER/MS database), we referred to the annual
data of MERRA2 (Data Access Viewer 2022) for the
period (1991-2020), but we noticed an abrupt change in
the rhythm of the data in 2001. This may be due to the data
sorting method and the sources of this database. Accord-
ing to our investigation on the “POWER” site (NASA
POWER/Docs 2022), we found that the parameters of
energy flow (for example, solar irradiance) are derived
from NASA’s GEWEX SRB Release 4-Integrated Prod-
uct (R4-IP) archives (January 01, 1984, to December 31,
2000) (Zhang et al. 2017; Pinker and Laszlo 1992) and
NASA’s CERES SYNI1deg and FLASHFlux projects (Jan-
vary 1, 2001, to NRT minus ~ 3—4 months). This exami-
nation is confirmed by the corresponding NASA Power
team which says that in 2001, the data source changes
from GEWEX SRB to CERES SYNl1deg. Because of this,

Daily global solar irradiation (kWh. m=2. Day~1)

Solar Radiation Relative Anomaly

2014 2016 2018 2020

there is a mismatch of data, and they will introduce a bias-
corrected flux for the future data version.

The statistics of the annual change of global solar radia-
tion on the horizontal plane (Fig. 13) in the latest period
of the standard climatological normal (1991-2020) shows
that the normal in this period is 5.84 kWh/m?, but if we
eliminate the first period of the sudden change in the data
(1991-2000), and we calculate the average over 20 years
(2001-2020), we find an average of 6.06 kWh/m*/year.

When we compare our annual data to that of MERRA?2,
we notice a similarity and almost an equality between these
two data sources, which makes the analysis of this climato-
logical series of the last 20 years very useful for climatologi-
cal studies of solar radiation, and we found that the annual
average solar radiation on a horizontal plane for our data
does not deviate much from the average of the last 20 years
(deference of 0.07 kWh/m?) and that the variation of the
radiation in these last decades shows a surplus compared
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to the average for the years (2012-2014), then a decrease
compared to the average for the years (2015-2018), and then
a sudden increase in 2019 (0.18 kWh/m?) compared to the
previous 4 years.

4 Conclusion

This work investigated the global horizontal solar irradia-
tion variability in the southern Algerian region, based on
a graphical statistical analysis of ground data collected at
the meteorological and radiometric station belonging to the
Renewable Energy Research Unit in the Saharan Environ-
ment (URER/MS) in Adrar during the decade 2010-2020.
The data have been prepared for analysis at various tempo-
ral scales, with a particular emphasis on conducting hourly,
daily, monthly, seasonal, and annual analyses.

Hourly and daily global horizontal solar irradiation
were analyzed. The statistics of the hourly data show vari-
ation during the day from sunrise to sunset; it exceeds
500 Wh/m? between 9 a.m. and 3 p.m. The maximum is
recorded around solar noon with more than 800 Wh/m?.
For the monthly variation of the hourly energy, we took
the average of the hourly energy for the peak hour at solar
noon over all the years studied; we noticed that the month
of June records an average of about 1000 Wh/m? dur-
ing this period. For the other months, the average hourly
energy at noon is greater than 600 Wh/m>. The daily
variation of global solar irradiation shows that the daily
energy exceeds 3.5 kWh/m? for most days of the year. The
maximum is recorded from June 5 to June 15 with more
than 8.4 kWh/m? per day; in this decade (2011-2020), the
average of the day recorded the maximum energy is June
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10 with more than 8.5 kWh /m2. The monthly variation of
global solar radiation shows significant variation in aver-
age and total radiation during the year from January to
December. The minimum was recorded in December with
more than 4 kWh/m?/day and a maximum of 8 kWh/m?/
day in June. The monthly total radiation also has a mini-
mum in December of 126 kWh/m?/month and a maximum
of 242 kWh/m*/month in July. For the annual energy vari-
ation, the average global radiation on a horizontal plane
varies during this last decade by about 6 kWh/m?/year, the
total energy of all the years of this period (2011-2020) is
uniformly stable, and it varies around 2.2 MWh/m?*/year.
The interannual variability analysis was made using a
standardized variables index. The results showed signifi-
cant positive and negative trends were respectively detected
through the time series over the last decade, with a high-
significant positive trend observed during 2017 and 2019.
The comparison between our measurements made at
the URER/Ms and that estimated by MERRAZ2 in the last
standard climatological normal (1991-2020) shows that
the global radiation on a horizontal plane has an important
similarity and is almost equal to the annual data. We found
that the average annual solar radiation for our data (6.16
kWh/m?) does not deviate much from the average of the last
20 years (6.09 kWh/m?). In summary, this study made it
possible to give a general view of the temporal variation of
solar radiation with data measured on the ground and over a
relatively sufficient period for all studies and programming
of a solar installation. The extension of the analysis over a
period of 30 years by data from the MERRAZ2 project has
made it possible to conclude that the order of magnitude of
our data is acceptable for the last 20 years and that the data
from the NASA project are acceptable for our region and
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can be used for other sites where there is no radiometric
measurement.

Finally, the results could provide reliable and useful infor-
mation for the effective planning, design, implementation,
and management of renewable energy projects, especially
those that rely on solar energy. They optimize performance,
maximize profitability, and contribute to the transition to
cleaner and more sustainable energy sources.

In future research, other components (diffuse and beam)
of solar radiation can be studied, additional parameters
and statistical methods will be applied, and supplementary
Algerian regions will be taken into account according to the
availability of data.
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