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Abstract
Surface albedo is one parameter of the climate variables. It influences the surface radiation budget for a given site. The availability of
surface albedo data at both temporally and spatially levels are needed. In the lack of ground recorded values of albedo, we have to estimate surface albedo from the climatic variables. The model generated in this study enables the continuous observation of land surface
albedo through relative model established from the multivariate regression method. From satellite recorded data, we estimate the ground
surface albedo for some selected sites. The result were satisfactory with the root mean square error (RMSE) is 0.035. The Mean Absolute
Error (MAE) was computed and indicated to be as low as 0.027 and mean absolute percentage error (MAPE) is 7.58.
Keywords: Albedo; Solar Radiation; Surface Temperature; Relative Humidity; Statistical Error Test; Chad.

1. Introduction
Surface radiation is the driving force for the surface energy balance. It is the transportation and exchange of all matters at the
interface between the surface and the atmosphere and significantly
affects the climatic forming and change (Evans, 2017) [1]. In addition, as an important factor in global and regional climatic models,
an accurate estimation of the Surface reflective radiation is required. Before reaching the earth, the radiation from the Sun will
interact with the atmosphere and behave differently according to
the contacted surface features. Albedo is regulated by the composition of the space between the earth atmosphere. Then surface
albedo is highly variable temporally. It changes naturally with
solar insolation angle, seasonally with vegetation changes and
stochastically with rain or snowfall (Wang and Davidson, 2007)
[2].The most significant factors affecting the soil albedo are surface, soil moisture content, organic matter content, particle size,
iron-oxides, mineral composition, soluble salts, and parent material the type and condition of the vegetation covering the soil. It can
also be changed directly via human activity or indirectly (Baumgardner, 1985) [3]. Surface albedo dynamics are closely related to
ecosystem dynamics. Surface albedo is especially important for
the global climate modelling (Dickinson, 1983) [6], as well as for
surface fluxes estimation (Kustas et al., 1994) [7] (Olioso et al.,
1999) [8]. Albedo varies diurnally and seasonally from place to
place as well as from time to time in the same location due to
theamount of cloud cover and particulate matter in the air plus the
nature of the surface (K.N. Liou, 1980) [10]. Today, albedo is a
major concern for humans worldwide. Albedo is very useful in the
studies dealing with thermal balance in the atmosphere. It is an
important input parameter or quantity in evaluating the total insolation on a building or a solar energy collector. Some research

works on the albedo of the Earth's atmosphere for different location have been carried out. Some of the several reports on surface
albedo estimation are from satellite data (M. Nunez and al., 2006)
[11], (F.Robert and al., 1973) [12], (R.W. Saunders, 1990) [13].
Most of the estimated short-wave broadband albedo from satellite
data are often corrected for geometric, atmospheric, spectral,
topographic, and anisotropic effects in order to obtain accurate
results (B. Pinty and ,al., 1987) [14], (W. Zhao et al, 2000) [15]. In
Africa, there is no recorded measure of albedo. With the lack of
recorded, we have to estimated. (Babatunde et al, 2005) [16],
worked on the simulated reflected short-wave radiation and its
characteristic variation at Ilorin, Nigeria. Their results showed
among other things that the highest reflectance of 0.64 was recorded at the peak period of cloud activity in August, and the lowest reflectance of 0.36 was obtained in November when it was
relatively cloudless and dustless. In this study, an empirical model
for estimating the surface albedo for some selected site in the Republic of Chad was developed.

2. Materials and methods
2.1. Data gathering
The successful design and effective utilization of solar energy
systems and devices for human
application largely depend on the availability of information on
solar radiation characteristic of the location in which system and
devices are to be used or situated (Falayi et al., 2008) [17].
The longer the period of record is, the more representative the
result will be. The monthly mean of daily global and diffuse radiation on horizontal surface for twenty years (1985-2005) for five
locations (Abéché, Ati, Faya-largeau, Moundou and N'Djamena)
of Chad's displayed in figure1.
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An information system, called HelioClim, is available for answering the needs for long-term time-series of solar radiation data.
Daily irradiation values are available over Europe, Africa and
Atlantic Ocean, from 1985 onwards. This database is accessible
through the Soda Web service (http: //www.soda-pro.com)[18] on
a free basis. Meteosat satellites images are used to produce this
climatological database. In Africa, long-term energy measurements for solar energy applications have not been recorded, unlike
others part of the world such as Europe and Northern America.
This lake of recorded radiation data makes it necessary to resort to
available databases to acquire data. Several assessments of the
HelioClim-1 data against measurements made in meteorologicalnetworks reveal that the HelioClim-1 database offers a reliable
and accurate knowledge of thesolar radiation and its daily, seasonal and annual variations over recent years. Several published
works benefited from the openness, availability and accuracy of
the HelioClim-1 database in various domains: oceanography, climate, energy production, life cycle analysis, agriculture, forestry,
architecture, health and air quality (Lefevre et al, 2014) [19] However, given the poor sampling in time of these images, it may be
recommended to limit their use to the assessment of daily irradiation or to the irradiation for larger periods (CROS et al, 2004)
[20].
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2.3. Albedo modelling
The conservation of energy requires that for radiation incident,
Short wave solar energy balancing at the edge of the atmosphere
can be computed using the relation given by (Audu et al.,(2014)
[23] as :
(1)
where Hg is the global solar radiation and Hg/H0 called clearness
index, is the ratio of the global to the extra-terrestrial radiation
transmitted through the atmosphere to the ground surface, Ha is
the absorbed solar radiation and Ha /H0 is the fraction absorbed
radiation, called the absorption coefficient or absorptance. Hr is
the reflected radiation towards the space and Hr/H0 is the ratio of
the short wave reflected radiation towards the space. H0 is the
extra-terrestrial radiation, incident on the surface of the Earth at
the edge of the Earth's atmosphere. Ha has been found very small
compared to others ratios, hence negligible (Babatunde, 2003)[24]
. Equation 1 then becomes:
(2)

2.2. Solar radiation zoning
Chad is a landlocked country in northern Central Africa. The
country is situated between 7thand 24th degrees of latitude the
North on one hand, and 13th and 24th degrees of longitude is on
the other hand. Chad is a country globally very hot and very dry.
The country includes four bioclimatic zones. In the North, is the
desert (Sahara), the annual precipitation are lower than 200 mm
with reach a minimum lower than 10 mm. The maximal temperatures reach (affect) regularly 43°C - 44°C during the hottest period
of the year on average and low height. The number of months in
the year when the average maximum temperature exceed 40°C
increase gradually from the South to the North. Although, the
altitude may modifies this standard. This translate to two months
in N'djamena (298 m of height) in the South, four months in Abéché (549 m of altitude) in the center and up to six months in Fayalargeau in the desert in North (https ://fr.wikipedia.org) [21] . In
our study, we choose ve locations as shown in Fig 1

Fig. 1: Select Stations of Chad Republic.

Therefore, the reflectivity or albedo can be estimated using:
(3)
Albedo is the fraction of incident solar radiation reflected by a
surface. Albedo determines the radiation balance of the surface
and affects the surface temperature and boundary layer structure
of the atmosphere. Albedo controls the microclimate conditions of
plant canopies and their radiation absorption, which, in turn, affects ecosystem physical, physiological, and biogeochemical processes such as energy balance, evapotranspiration, photosynthesis,
and respiration. It has long been recognized that surface albedo
information is important for weather forecasting, climate projection and ecosystem modelling (Wang and Davidson, 2007) [2] .
This parameter was also found to be an important modulator for
regional climate characteristics such as natural droughts [1]. Several studies have shown that surface albedo has a negative effect
on moisture flux convergences and rainfall, and desertification
results generally in droughts by a positive feedback between land
and atmosphere caused by high surface albedo (Charney et al.
1977 ; Chervin, 1979 ; Sud and Fennessy, 1982 ; Xue and Shukla,
1993 ; Dirmeyer and Shukla, 1996 ; Knorr et al., 2001)[25] - [30] .
Changes in soil moisture content change the absorbance and reflectance characteristics of the soil. Increase in soil moisture content increases the portion of the incident solar radiation absorbed
by the soil system [4]. The sun angle is also an important input for
determination of surface albedo (Fricke et al, 2014) [5]. However,
atmospheric turbidity and transmissivity, planetary boundary layer
turbulence, cloud thickness, and temporal and spatial variations
cause embedding of non-linear elements in the solar radiation
phenomena. Hence, the use of simple linear models cannot be
justified physically except statistically without thinking about
obtaining the model parameter estimations (Zekai Sen, 2008) [31].
After all, Linear models have a number of advantages in the context of global data processing. A first and foremost advantage is
that an y linear model can be inverted analytically through matrix
in version for the system of equations obtained by setting the derivative of the error function to zero ( Strahler, Muller, 1996) [32].
In order to get the best model for the study locations that takes in
account some climatology parameters that influence the surface
albedo, we proposed a multivariate (temperature (T) and relative
humidity (HR)) linear relationship to determine albedo of the
form:
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(4)
where bi are empirical constant. We used data from 1985 to 2004
to evaluate and those of 2005 to validate.

2.4. Statistical evaluation
Several error indices are commonly used in model evaluation. The
accuracy and performance of the derived relations in predicting of
local albedo was evaluated on the basis of the following statistical
error tests which are coefficient of determination R2, root mean
square error (RMSE), mean absolute error (MAE) and mean absolute percentage error (MAPE). Coefficient of determination (R2)
describes the degree of collinearity between simulated and measured data. R2 ranges from 0 to 1, with higher values indicating less
error variance, and typically values greater than 0.5 are considered
acceptable (Santhi et al., 2001, Van Liew et al., 2003)[33] - [34].
Mean absolute error (MAE) and root mean square error (RMSE).
These indices are valuable because they indicate error in the units
(or squared units) of the constituent of interest, which aids in analysis of the results. RMSE and MAE values of 0 indicate a perfect
fit. (Singh et al. 2004)[35] state that RMSE and MAE values less
than half the standard deviation of the measured data may be considered low and that either is appropriate for model evaluation.
Mean absolute percentage error (MAPE) measures the average
tendency of the simulated data to be larger or smaller than their
observed counterparts (Gupta et al., 1999) [36]. The optimal value
of MAPE is 0.0. These error indices are defined as:

In the above relations, the subscript i refers to the ith value of the
albedo and n is the number of the albedo data. The subscripts "e"
and "m" refer to the estimated and measured albedo values, respectively Ae is the mean estimated albedo and Am is the mean
measured albedo.

3. Results and discussion
Estimation of surface reflectance values of the study sites are presented in Table 1. The lack of concurrent field measurements of
reflectance does not permit meaningful comparison between
grounded and estimated values at this stage. It can be seen from
this table that estimated values of albedo for the selected sites are
by less than 0.05 in error from mean observed values.

Table 1: Analysis of Estimation (Proposed and Existing) Models Using Twenty-Year (1985-2005) Monthly Mean Daily Data Obtained for the Study
Locations
site
Estimated model
R
RMSE
MAE
MAPE
Abéché
-0.127+0.00183*HR+0.00123*T
0.671
0.027
0.0203
6.194
Ati
-0.338+0.0025*HR+0.002*T
0.709
0.033
0.0236
6.736
Faya-Largeau
-0.315+0.00326*HR+0.002*T
0.278
0.029
0.0232
7.242
Moundou
-2.37+0.0035*HR+0.0086*T
0.676
0.048
0.038
9.99
N’Djamena
-1.28+0.00265*HR+0.005*T
0.706
0.04
0.029
7.756

In these studies, we find albedo values in semi-arid regions vary
between 0.27 to 0.60. Estimated albedo values appear reasonable
and are in substantial agreement with published data for comparable surfaces and measurements in the similar region.
Although estimated albedo values, for a limited number of test
sites, are well within the range of albedo values reported in other
studies, questions need to be answered regarding the quality of the
produced albedo map. (Sjoberg and Horn, 1983)[37] proposed
three subjective criteria for evaluating the quality of albedo maps
that can verify in those regions.
The dynamic range of the set of computed albedo values has also
been respected. That is, every calculated value in the study area
lies between 0.00 and 1.00. There is no the great difference between the low albedo value for these regions. The mean low value
is around 0.28. But, there are significant differences between the
high values of albedo. Their values depend on the geographic
location. They are high in the southern zone which is Dry sandy
soil zone (Moundou with 0.58) than the northern which are arid
zone (Faya-largeau with 0.38). We have also N'Djamena site that
is probably influence by the proximity of Lake Chad with a large
spectre of values. The maxima value of albedo is around 0.55. We
see that the albedo in the desert zone have a less variation. In the
same observation, the empirical parameters are nearly the same in
the site situated in the same geographical zone. One can use these
regressions to determine albedo in the site that have the similar
climate.
The accuracy of the albedo estimation depends on the quality of
the climatological parameters collect. The uncertainty of the derived surface albedo is estimated as a combination of the uncertainty of the irradiance measurement and the impact of uncertainties in atmospheric parameters that are used in the extrapolation
algorithm (Bierwirth et al., 2009)[38] . The mean absolute error
(MAE) vary from 0.0203 to 0.038 Wm−2 and the mean absolute

percentage error vary from 6.184 to 9.9 %. The scatter of the results from all regression t lie around the acceptance values, which
is also reflected in the coefficients of determination (R2 ) ranging
from 0.671 to 0.706. Except the site of Faya-largeau where this
coefficient is very bad. We can think that there are others phenomenon that influence the value of albedo.
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Fig. 2: Relationships between the Estimated and Measured Earth's Surface
Albedo for Selected Stations.
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Fig. 3: Comparison between the Estimated and Measured Earth's Surface
Albedo for Selected Stations.

4. Conclusion
In this study, we employed a multivariate (temperature and relative humidity) statistical fitting approach to develop the statistical
relationship. From satellite data of irradiation, we deduce surface
albedo for some selected region of republic of Chad. These regions do not have the recorded albedo. The statistical evaluation
results show a better agreement measured and the estimated using
the multivariate approach. Then, in the lack of ground recorded
values of albedo, one can use the estimated regression to determine the ground albedo. Further studies using more climatological
parameters (pressure, rainfall, wind speedy, etc..) and sun incident
angle and cloud can improve the estimation of surface albedo
because these parameters can influence the albedo [39](Dumont,
2010), [40] ( Mueller, 2011) .

References
[1] Evans, J.P et al., Land surface albedo and vegetation feedbacks enhanced the millenniumdrought in southeast Australia, Hydrol. Earth
Syst. Sci., 21, (2017) 409-422. https://doi.org/10.5194/hess-21-4092017.
[2] S.S.Wang., A. Davidson, Effects of climate variations on surface
albedo of a temperate grassland, Agricultural and Forest Meteorology,
142,
and
(2007)
133-142
https://doi.org/10.1016/j.agrformet.2006.03.027.
[3] M.F. Baumgardner, L.F. Sylva, LL. Biehl, E.R. Stoner, Reectance
Properties of Soils, Adv.Agron.1985, 38, 1-44.
[4] Endre Dobos, Encyclopedia of Soil Science, DOI : 10.1081/E-ESS
120014334
[5] C. Fricke, et al., Inuence of local surface albedo variability and ice
crystal shape on passive remote sensing of thin cirrus ; Atmos.
Chem. Phys., 14, (2014) 1943-1958, doi :10.5194/acp-14-19432014 https://doi.org/10.5194/acp-14-1943-2014.
[6] R. Dickinson, Land surface processes and climate-surface albedo
and energy balance, Advances in Geophysics, 25, (1983) 305-353.
https://doi.org/10.1016/S0065-2687(08)60176-4.
[7] W ; Kustas, M. Moran, K. Humes et al., Surface energy balance
estimates at local and regional scales using optical remote sensing
from an aircraft platform and atmospheric data collected over semiarid rangelands, Water Resources Research, 30,(1994) 1241-1259.
https://doi.org/10.1029/93WR03038.
[8] A.Olioso, H. Chauki, D. Courault, and J. Wigneron, Estimation of
evapotranspiration and photosynthesis by assimilation of remote
sensing data into svat models, Remote Sensing of Environment, 68,
(1999) 341-356. https://doi.org/10.1016/S0034-4257(98)00121-7.
[9] G. Thompson. Environmental Encyclopedia, 3rd ed, 2003. ISBN 07876-5486-8
[10] K.N. Liou. Introduction to Atmospheric Radiation. Academy Press,
New York. 1980.
[11] M. Nunez, W.J. Skirving and N.R. Viney, A Technique for Estimating Regional Surface Albedo using Geostationary Satellite Data, International Journal of Climatology. Vol. 7, no. 1,(2006) 1-11.

International Journal of Physical Research
[12] F. Robert and G. Catherine. Calibration of NOAA7 AVHRR,
GORS, and GOES6 VISSR/VAS Solar Channels, Remote Sens Environ. Vol. 22, no. 1, (1973)73-101.
[13] R.W. Saunders, the Determination of Broad Band Surface Albedo
from AVHRR Visible and Nearinfrared Radiances; Internaltional
Journal of Remote Sensing. Vol. 11, no. 1, (1990) pp 49-67.
[14] B. Pinty and D. Ramond, a Method for the Estimation of Broadband Directional Surface Albedo from a Geostationary Satellite,
Journal of Applied Meteorology Vol. 26, (1987) pp 1709-1722.
https://doi.org/10.1175/15200450(1987)026<1709:AMFTEO>2.0.CO;2.
[15] W. Zhao. M. Tamura and H. Takahashi. Atmospheric and Spectral
Corrections for Estimating Surface Albedo from Satellite Data using 6S Code; Remote Sensing of Environment. Vol. 76, pp 202212, 2000. https://doi.org/10.1016/S0034-4257(00)00204-2.
[16] E.B. Babatunde. O.A. Falaiye and C.C Uhuegbu, Simulated
reection SW-radiation and its Characteristic Variation at Ilorin, Nigeria, Nigeria Journal of Physics, Vol. 175,(2005) pp 193-201.
[17] E. O. Falayi, J. O. Adepitan, , A. B. Rabiu, Empirical models for
the correlation of global solar radiation with meteorological data for
Iseyin, Nigeria. International Journal of Physical Sciences, 3(9),
(2008) 210-216.
[18] Http: //www.soda-pro.com. Accessed September 10, 2017
[19] Lefevre, Mireille, Blanc et al., The HelioClim-1 database of daily
solar radiation at Earth surface : an example of the benets of GEOSS Data-CORE, IEEE Journal of Selected Topics in Applied
Earth Observations and Remote Sensing, vol. 7, no 5,( 2014) p.
1745-1753 https://doi.org/10.1109/JSTARS.2013.2283791.
[20] Cros, Sylvain, Albuisson, Michel, Lefevre, Mireille, et al. HelioClim a long-term database on solar radiation for Europe and Africa.
In: Eurosun 2004. PSE GmbH, Freiburg, Germany,(2004) p. 916920
[21] Https: //fr.wikipedia.org/wiki/ Géographie du Tchad. Accessed October 8, 2017.
[22] P. Donfack, L Seiny Boukar, M. M'biandoun, Les grandes caractèristiques du milieu physique. Agricultures des savanes du Nord
Cameroun : vers un dèveloppement solidaire des savanes d'Afriques
centrales. Actes de l'atelier d'échange, (1996) 25-29.
[23] Audu, M. O., Isikwue, B. C. (2014). Estimation of the albedo of the
Earth's atmosphere at Makurdi, Nigeria. International Journal of
Scientic and Technology Research, 3(4), 375-380.
[24] E. B. Babatunde. Some Solar Radiation ratios and their Interpretations about Radiation Transfer in the Atmosphere, Nig. J. of Pure
and Appl.Sc. In press. Vol. 4, (2003) pp 139-145.
[25] J. Charney, J. Quirk, William etal., A Comparative Study of the
Eects of Albedo Change on Drought in Semi-Arid Regions, Journal
of the Atmospheric Sciences, 34, (1977) 1366-1385.
https://doi.org/10.1175/15200469(1977)034<1366:ACSOTE>2.0.CO;2 .
[26] R.M. Chervin, Response on the NCAR general circulation model to
changed land surface albedo. Report of the JOC study Conf. on
Climate Models, 1, (1979) 563-581
[27] Y.C. Sud, M. Fennessy, A study of the inuence of surface albedo on
July circulation insemi-arid regions using the GLAS GCM. Journal
of
Climatology,
2,
(1982)
105-125
https://doi.org/10.1002/joc.3370020202.
[28] Y.K. Xue, and J.Shukla, The inuence of land-surface properties on
Sahel climate. 1. Desertication. Journal of Climate, 6, (1993) 22322245.
https://doi.org/10.1175/15200442(1993)006<2232:TIOLSP>2.0.CO;2.
[29] P.A. Dirmeyer, J. Shukla, The eect on regional and global climate
of expansion of the world's deserts. Quarterly Journal of the Royal
Meteorological
Society,
122,
(1996)
451-482
https://doi.org/10.1002/qj.49712253008.
[30] W. Knorr, K. G. Schnitzler, Y. Govaerts, The role of bright desert
regions in shaping North African climate. Geophysical Research
Letters,
28,
(2001)
3489-3492
https://doi.org/10.1029/2001GL013283.
[31] Z. Sen,.Solar Energy Fundamentals and Modelling Techniques.
Springer, Berlin, 2008, p. 151.
[32] A. H. Strahler, J.-P.Muller, MODIS Science Team Members ; Algorithm Theoretical Basis Document Version 4.0 ; 1996
[33] C. Santhi, J. G. Arnold, J. R. Williams, W. A. Dugas, R. Srinivasan,
and L. M. Hauck, Validation of the SWAT model on alarge river
basin with point and nonpoint sources. J. American Water Resources
Assoc.
37(5),
(2001)
1169-1188
https://doi.org/10.1111/j.1752-1688.2001.tb03630.x.
[34] M. W. Van Liew, J. G. Arnold, and J. D. Garbrecht, Hydrologic
simulation on agricultural watersheds: Choosing between two mod-

International Journal of Physical Research

[35]

[36]

[37]

[38]

[39]

[40]

els.
Trans.
ASAE
46(6),
(2003)
1539-1551
https://doi.org/10.13031/2013.15643.
J. Singh, H. V. Knapp, and M. Demissie, Hydrologic modeling of
the Iroquois River watershed using HSPF and SWAT.ISWS CR
2004-08. Champaign, Ill.: Illinois State Water Survey. Available at:
www.sws.uiuc.edu/pubdoc/CR/ ISWSCR2004-08.pdf. Accessed 8
September 2005
H. V. Gustav, S. Sorooshian, and P. O. Yapo, Status of automatic
calibration for hydrologic models: Comparison with multilevel expert calibration. J. Hydrologic Eng. 4(2), (1999) 135-143
https://doi.org/10.1061/(ASCE)1084-0699(1999)4:2(135).
R. W. Sjoberg, B. K P. Horn, Atmospheric eects in satellite imaging of mountainous terrain. Applied Optics, 22, (1983)1702-1716
https://doi.org/10.1364/AO.22.001702.
Bierwirth et al., Spectral surface albedo over Morocco and its impact on radiative forcing of Saharan dust, Tellus 61B, (2009) 252269 https://doi.org/10.1111/j.1600-0889.2008.00395.x.
M. Dumont, Détermination de l'albédo des surfaces enneigée par
télédétection, Application à la reconstruction du bilan de masse du
glacier de Saint Sorlin, PhD thesis, 2010
R. Mueller et al.,The Role of the Eective Cloud Albedo for Climate
Monitoring and Analysis ; Remote Sens, 3, (2011) 2305-2320;
https://doi.org/10.3390/rs3112305.

69

