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Abstract:  
The knowledge of the various terms which intervene in the energy balance of surface is essential at the same time 

for the hydrologists, the amenagists, the agronomists, the meteorologists, and the climatologists. The land surface 

temperature of the making ground left the key parameters of this assessment, plays a fundamental part in the 

processes of interaction hydrosphere-biosphere, atmosphere. It represents, the temperature of canopy of the 

vegetation for the covered zones of vegetation, and the temperature of canopy of the vegetation plus that of the 

surface of the ground, for the zones of scattered vegetation. While it represents the temperature of surface of the 
ground for the zones bar soil.  This land surface temperature can be collected through two approaches: conventional 

approaches, and them approaches of remote sensingThe conventional methods make it possible to collect the 

temperature of surface of the ground starting from measurements of weather stations. On the other hand, the 

approaches of remote sensing make it possible, as for them, to estimate the land surface through the use of model of 

energy balance of surface.  In this study, model SEBS was used on satellite data AATSR to estimate and mapping 

the land surface temperature, on the catchment area of Kolondièba-Tiendaga, in southern Mali zone. These results 

show values of land surface temperature   between 303 and 296 (°K) for standard deviations of 2, 66 and 0, 945. 

These results are similar to those already found elsewhere, in West Africa with the same types given of satellite 

images AASTR 
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1. Introduction 
The knowledge of the space-time variation of the land surface temperature intervening in the energy assessment of 
surface is key information in the energy exchanges and matter between the surface of the ground and the atmosphere 

[1, 2, 3, 4, 6, 12, 17, 36, ].  Indeed, the land surface temperature is an important parameter in the energy assessment 

of surface and plays an essential part in the processes of interaction between the hydrosphere-Biosphere-Atmosphere 

and the cycle of water. In addition, the follow-up of the transfers of mass and energy to the level of a surface is 

dominating for the integrated management of the water resources and vegetable. It is also necessary for the good 

comprehension of the hydrological systems, the ecological and climatic ecosystems, like with the follow-up and the 

forecast of their evolutions [7, 8,9,10, 11, 13, 14].Information on the land surface temperature  represents for the bar 

soil the temperature of surface of the ground, while it represents for the dense zones of vegetations, the temperature 

of surface of canopy of the vegetation[4]. However, for the zones of scattered vegetation, it determines the 

temperature of canopy of the vegetation, and ground surfaces it [4,17,18,19] . Traditionally, the data of land surface 

temperature are collected starting from the weather stations.Today, with the development of technologies of 

observation of the ground, the remote sensing and the GIS appears like a tool privileged for the collection and the 
follow-up of parameters biophysics, in particular the land surface temperature, the evapotranspiration, the albedo, 

because providing related information’s to the mass transfers, and in particular to the processes of 

evapotranspiration. Several research related to the problems of measurement and collection of these parameters 

through the use of the technology of the thermal infra-red remote sensing [28, 29, 37, 20, 21, 22, 24]. Thus, the land 

surface temperature collected starting from the satellite data can be used for the evaluation of the evapotranspiration, 

the water stress of the vegetation and the requirement out of water for the annual cultures through the use of model 

of energy assessments of surface. With the international scales, these tools for remote sensing and GIS are requested 

more and more for the collection and the cartography of the parameters biophysics, particularly, the albedo, 

emissivity, the temperature of surface, the evapotranspiration, and the evaporative fraction, etcOur study proposes to 

measure and chart the temperature of surface of the ground starting from satellite images AATSR of platform 

ENVISAT of the European space agency (ESA) by using model SEBS (Surface Energy Balance System) developed 
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by [16, 19, 20, 29, 30, 31] on the catchment area of Kolondièba-Tiendaga, in soudano-sahelian medium, in southern 

the Mali zone. 

 

2. Materials and Method  
2.1 Study area 

The study relates to the catchment area (Kolondièba-Tiendaga) located in southern Mali zone between Longitudes 
and Latitudes 34 °W and 6, 82°W and 10,15°N and 11,08°N. This basin of a surface of 3050 km ², is under basin of 

the transborder basin of the Outlaw (Fig.1). It is localized on the upstream reservoir of Niger, to approximately 262 

km of Bamako (capital of Mali), and is limited to North by the town of Kolondieba, in the South by the commune of 

Sibirila to the border of the Ivory Coast, in the East by the commune of Fakola and Bougoula, in the West by the 

commune of Garalo (circle of Bougouni). Its discharge system is in Tiendaga on the road of Fakola. Its physical 

Characteristics are given in Tableau1. The catchment area of Kolondièba-Tiendaga has a tropical climate of 

transition or Sudanese Southern climate, characterized by the one hot season alternation and dries (November-April) 

and one rain season (May-October) where the annual pluviometric average is higher 1000mm/an. The monthly 

average temperatures vary between 38° in May and 23° in December. The values of the relative humidity oscillate 

between 82% in August and 38% in February. The radiation is strong during all the year, where the values of the 

potential evapotranspiration remain important, with a maximum in May (161) (DNH, Mali, 1990). The geological 

substratum is consisted metamorphic and granitic rocks covered with washed tropical ferruginous grounds, 
hydromorphic grounds ferralitic, and grounds. The relief is dominated by plates upstream of the basin, plains in the 

center and hollows downstream whose altitude can vary between 315 and 390m. the vegetation is characterized by 

savannas raised and shrubby of herbaceous, mixed with annual cultures. 

 
 

 

Figure 1: Presentation of the study area 

 
 

Figure2: Annual pluviometry recorded on the catchment area of Kolondièba-Tiendaga between 1986 and 2010 
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2.2 Materials 

The data of remote sensing used in this study are satellite images AATSR (Advanced Along Track Scanning 

Radiometer) of platform ENVISAT of the European space agency (ESA). Sensor AASTR is one of the six 

instruments of satellite ENVISAT launched by the European space agency, on March 1st, 2002 in polar orbit to 

provide data on the atmosphere, the ocean, the ground, and freezes it during the five next years. The data produced 

by ENVISAT will be exploited within the framework of the scientific research on the ground and the monitoring of 

the environmental and climatic changes. Moreover, they will facilitate the development of operational and 

commercial applications. Sensor AATSR is a radiometer with sweeping with a space resolution of 1Kmx1Km, 
recording 7 spectral bands in the visible one and the infra-red. The trace of sensor AATSR is selected in order to 

ensure  a continuity with the data files of ATSR1 and ATSR2 of the series of ERS1 and ERS2 of ESA. The 

characteristics of the sensor are given in the tableau2. Products ATS-TOA level 1P of AATSR are used in this work. 

They were acquired near the European space agency (ESA) through the project of reinforcement of the capacities in 

Africa (TIGER II). These data were downloaded starting from the http://ats-merci-uk.eo.esa.int:8080/merci site, and 

relate to the period 2003 up to 2010. On the whole, we worked on more than 100 satellite images for the period 

quoted of in top (2003 up to 2010). 

In addition to the satellite data, we used weather data obtained from National management of the Meteorology of 

Mali. They are relating to the temperature, the speed of the wind, the relative humidity. The data of solar radiation 

used in this work are collected in [35] 

 
Table2: Characteristics of sensor AATSR of satellite ENVISAT (Esa, 2009) 

 
   
As regards the geometrical resolution, sensor AATSR gathers these data according to two systems of curved 

sweepings: 

A sweeping curved forwards (Forward curved scan) 

A sweeping curved towards Nadir (Nadir curved scan) 

 

2.3 Methods 

The methodology used in this study is based on model SEBS (Surface Energy Balance System) developed the 

European space agency (ESA). This model was developed by  [ 16,19,20, 29,30,31]. It is installed on software 

BEAM like module. Software BEAM was conceived by the European space agency for the treatment, the analysis, 

visualization, georeferencing satellite images, in particular those produced by ESA (MERIS, AATSR, ASAR, etc). 

Images AASTR were atmospheric corrected by model SMAC before being used in model SEBS. This model SMAC 

(Simplified Method for Atmospheric Corrections) is also a module of BEAM developed for the atmospheric 

correction of images MERIS and AATSR of satellite ENVISAT. The practical application of SMAC is to change 

the equation of radiative transfer, and to calculate the reflectance of surface of satellite measurements.  

Model SEBS consists of a whole of tools for the determination of the physical properties of surface of the ground 

and the variables of state, such as emissivity, the albedo, the temperature and vegetable cover. 
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Based on contrast between the dry and wet zones, model SEBS was initiated by [19] which proposed a method to 

calculate the evapotranspiration starting from the evaporative fraction. This concept was improved by [30, 31] to 

establish model SEBS. To reach the temperature of surface, model SEBS bases emissivities derived and the 

temperature from brightness of the bands (in Brightness Temperaure) to calculate the land surface temperature 

through the technique of Split Window (SPT). The advantage of these techniques of Split Window is the elimination 

of the effects of the atmosphere, except the atmospheric water columns.  

Several coefficients of calibration for the technique of Split Window are tested, model SEBS adopts for satellite 

images AATSR of satellite ENVISAT of the European space agency that of [26, 27, 28].  

It should be noted that the study related to 21 pluviometric stations left again well on the catchment area of 
Kolondieba-Tiendaga 

 

2.3.1 Estimation of the components of the energy assessment 

The data of remote sensing and weather are used to calculate the heat flows of surface. Clear radiation is divided 

into heat flow latent, significant heat flow and heat flow of the ground. The latent heat flow is calculated like a 

residue of the energy assessment according to the following equation. 

HGLE Rn


 
Where Rn is clear radiation resulting respectively from the assessment of radiation entering and outgoing (W/m2) 

LE: latent heat flux (W/m2) 

G: heat flux of the ground (W/m
2
) 

H: Sensible heat (W/m2) 

Rn and G can be estimated locally by using weather data [1]  and on a regional level by incorporation of emitted and 

reflected radiation distributed spatially[14,15]. 

Net radiation (Rn). The assessment of radiation of the surface of the ground is given by the following formula.        

RRRRR LLssn 


 
Where 

Rn  :Net radiation 

Rs  : radiation short wavelength (0,14-4µm) coming from the sun                                       

Rs  : radiation big wavelength) (>4µm) coming from the atmosphere 

RL  :
 
Quantity of radiation emitted by terrestrial surface 

RL  ; Quantity of energy reflected by terrestrial surface 

Rs
 
is calculated starting from the product of instantaneous radiation arriving on the ground,[24]. The solar 

radiation absorptive by surface of the ground is calculated according to the following relation: 

 RR sabs 
 1

 
Where α is the albedo of surface. It is given starting from measurement of narrow bands by the technique of average 

of weight suggested by [27]. The radiation arriving big length RL  is estimated starting from measurements on the 
ground of the temperature of the air and the steam pressure by using the following relation: 

RR aaL

4
  

Where is the emissivity of the atmosphere  
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24,1  , σ is the constant of Stefan-Boltzmann (5, 

67x10-8W/mk-4, your is the temperature of the air in (K) and ed is the deficit of pressure in (mbar). The radiation big 

wavelength leaving ( RL ) is obtained starting from the temperature of surface by being unaware of the small 

contribution of the radiation of the sky reflected by using the following equation: 

TR ssL

4
  

 Where  s  is the emissivity of surface and is the temperature of surface (°K). According to [31], emissivity (εs) for 

the range of 8-14µm could be predicted starting from the NDVI with a strong correlation. Emissivity ( s ), is thus 
calculated starting from the NDVI by using the relation following logarithmic curve: 
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)ln(047,00094,1 NDVIx
s

  
The quantity of clear radiation received by surface is the entering and leaving sum of all radiations and is calculated 

according to the equation below. 

  TTRR ssaasn

44
1   

  
2.3.1.1 Heat flux of the ground (G): The heat flux of the ground (G) is commonly considered like a fraction of 

clear radiation Rn depending on the index of the leaf area Index (LAI) and the NDVI (Normalize Vegetation Index) 

[11]. It can be higher than 0,3Rn for the grounds naked and lower than 0,1Rn for the covered zones of vegetation 

[14,15]. Several studies showed that the G/Rn ratio of the day is relative to other factors, such as the quantity of 

vegetation present [2, 3, 18, 10] presented the following relation to estimate the heat flow of the ground G. 

   NDVI
T

R xxG s

n

42
98,010074,00038,0 














 


 

2.3.1.2 Sensible flux heat (H): The estimate of the reliable values of significant heat flow is the most difficult 

aspect of this methodology because it depends on aerodynamic resistance. H is commonly expressed like a function 

of Ts and Ta. 

  rTTc aasp
H  

 
Where   ρ is the density of the dry air (Kgm-3), CP is the capacity of specific heat of the air (Jkg-1C-1), and ra is the 
aerodynamic resistance of the transport of heat (s/m-1). ra is estimated by the theory of similarity of Monin-Obukhov 

[5]. Many models semi-empirical were proposed to estimate ra and H [6, 33, 34]. Among these models, that 

presented by [6], proposes simplest to estimate H starting from some points of measurement easily obtained, such as 

the NDVI, Ts and Ta. The principal problem of this method is the over-estimate of H in urban environment where 

the index of vegetation is weak from where an over-estimate of [25]. 

To avoid this problem a model of aerodynamic resistance semi-empirical was proposed by [33]. 

    uzzra
54,01072,4 ln

2


 

Where z is the height the speed of the wind (m), z0 is the length of roughness of surface (m) and u  is the speed of 

wind (m/s-1). 

[13, 21] showed that z0 can be estimated starting from index of vegetation, such as the NDVI and the ratio of NIR/R. 

[10] also connected z0 (cm) with the NDVI to estimate flux of surface at the regional level.[21] used an exponential 

relation to estimate z0 starting from ratio NIR/R 

  dNIRz Re1484,001021,0exp
0


 

2.3.1.3 Estimation of land surface temperature  

As announced higher, the temperature of surface was estimated according to the formula of [26], was integrated 

directly in module SEBS of BEAM. This formula is based on the temperature of brightness, the steam contents, the 

emissivity of surface and the difference in emissivity to calculate the temperature of surface of the ground 

56,039,034,178,034,239,0
2

22211

2

1
 TTTTTT xLST  

Where T1 and T2 represent respectively bands 6 and 7. The coefficients are empirically given on the basis of type of 

occupation of the ground, vegetable cover, the season and the duration of the day, the atmospheric steam pressure, 

the zenith angle and the emissivity of surface [23] 

 

3. Results and Discussion 
3.1 Space-time distribution of the values of temperature of surface of 2003 to 2010 analyzes 

From the analysis of the tableau3, it appears that the median values of the temperatures of surface of the ground 

estimated starting from satellite images AATSR, using model SEBS (Surface Energy Balance System), on the 
catchment area of kolondièba-Tiendaga, oscillate between 300 and 292°K. At the same time, the maximum and 

minimal values vary respectively between 303 and 299°k (maximum values) and between 288 and 299°K for the 

minimal values.  

As for the values of standard deviation, they vary between 1 and 3.  

 In addition, we found that the highest values of temperature of surface were recorded respectively into 

2007,2003,2005,2006,2010,2009,2004 where they vary between 303 and 299 (°K). On the other hand, the low value 

estimated during this study was recorded in 2008 (296°K). These values are in the same fork as those found by [23], 

on the basin of Volta, in West Africa with the same types of satellite data (AASTR.) 

The analysis of the space-time variation between 2003 and 2010 revealed that the year 2007 is hottest with the value 

of temperature of the highest surface (303°K) for a standard deviation of 2,67. Whereas year 2008 is shown the least 

hot, where 296,21°K was estimated with a standard deviation of 0,945. 
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It should however be recognized that these results were not validated, because of the limited means. Indeed, the 

project did not have average materials sufficiently to undertake studies of validation of ground.  

The analysis of the various charts worked out starting from these values of temperature of surface of the ground 

shows that these values increase South in North, contrary to those of the evapotranspiration, over the same study 

period (2003 to 2010), under the same conditions.  

Indeed, we noticed that the values of temperatures of surfaces of the ground are high on the parts of the catchment 

area where the percentage of naked ground is most important. While the low values of temperatures of surface of the 

ground are observed in the zones where vegetable cover is relatively much more important, and richer in 

hydrographic terms of networks and water resource.  
We can conclude that the variation of the median values of temperature of surface on the catchment area of 

Kolondièba-Tiendaga, in southern Mali zone, follows the dynamics of occupation of the grounds. 

Table 3: Comparaison des valeurs de température de surface mesurées (°K) à partir des images AATSR de 2003 -

2010 sur le Bassin versant de Kolondièba-Tiendaga 

 
 

3.2 Analyzes correlation between the temperature of surface and the indices of vegetation (NDVI) 

Front, to carry out this analysis, we thought necessary to have the advantages and the limits of the NDVI.  

Defines by [26], the NDVI is the index of vegetation most frequently used in the studies on the follow-up of the 
vegetation, and is admitted by the whole of the scientific community as being most reliable. This index gives an 

account of the chlorophyllian activity of canopy and makes it possible to quantify the produced vegetable biomass 

[26]. The applications of the NDVI are numerous: evaluation of deforestation, follow-up of forest fires, the turning 

into a desert and same of the devastations caused by insects [26]. 

Given that the vegetation absorbs an important part of the solar radiation in the red and that it reflects it in the infra-

red close relation, its formula can be written 




RNIR

RNIRNDVI







 
Where 


NIR  is the spectral band corresponding to the infra-red close relation (ranging between 0,55 and 0,68 µm)    

 


R  that corresponding to the red (including between 0,73 and 1,1µm). The theoretical values of the NDVI vary 

between -1 and 1 (between 0,1 and 0,9 for the vegetation).
[26] consider that this index is sufficiently stable 

toallowcomparisons of the vegetable activity steps seasonal or interannual times. They add that the force of the 

NDVI even lies in its design. Indeed, this index being a ratio, calculated starting from two spectral bands, it makes it 

possible to eliminate part of certain noises like the atmospheric contaminations (aerosols…), differences in 
illumination of the ground or shade cloudy. In addition, the NDVI has an interesting resolving power: the clouds, 

water, and snow have a greater reflectance in the visible one in the infra-red, their NDVI is thus negative and one 

can insolate them easily. Contrary, the naked rocks and grounds will have a similar reflectance in the visible one and 

the infra-red close relation, but their very low value of NDVI, on both sides of zero, does not allow confusion with 

vegetation [26].This index has only advantages, [26, 37] recognize some limiting with the NDVI. In particular the 

recurring presence of atmospheric contaminations residual or of skews related on the camera angle and the relief. Its 

principal disadvantage is its tendency to saturation when the foliar density (LAI) is too strong on the level of the 

groundThe index saturates and accounts more for the phenologic variations so covered vegetable is too dense It 

arises from the analysis between the monthly values of temperature of surface (LST) and the index of vegetation 

(NDVI) which it exists a strong correlation between the two parameters. Indeed, our results show strong values 
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coefficients of correlation for the years (2005, 2004, 2007, 2006, 2003). We respectively obtained values of R2 

(0,834; 0,716; 0,686; 0,582; 0,563). On the other hand, a low coefficient of correlation is observed for the years 

(2008, 2009, 2010), where respective values of R2 (0,394; 0,376; 0,178) are obtained. The fall of R2 for these years 

is explained by the lack of data for years. Indeed, for these three years. There were less data AATSR, in particular 

for the months from July-August. This insufficiency of data can be at the origin of this fall.  

 

 

2003 2004 

  
2005 2006 

 
 

2007 2008 

 
 

 

2009 2010 

 
 

 
Figure 3: Corrélation entre la température de surface et le NDVI (2003-2010) 
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Figure 4: Charts of temperature of surface (°K) of the catchment area of Kolondièba-Tiendaga between 2003 and 

2010 elaborate starting from images AATSR 
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4. Conclusion 
The tools for remote sensing and GIS appear today like an essential element in the collection and the mapping of the 

parameters biophysics on broad scales, of which in particular the evapotranspiration, the land surface temperature, 

emissivity, albedo, etc 

The use of model SEBS developed by [31] made it possible to determine and chart the temperature of surface 

starting from satellite images AATSR on the catchment area of Kolondièba-Tiendaga in climate soudano-saheliaen, 
in southern the Mali zone. The results obtained of the study show values of temperature which vary between 303 

and 296 with standard deviations of (2,66 and 0,945). These same results show a very good tendency with the 

evapotranspiration calculated starting from the evaporative fraction. 

For the later studies, it would be more adapted to make a comparison between the values of temperature of surface 

estimated starting from model SEBS and those collected starting from a station or a measuring device of land 

surface temperature. 
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