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Abstract: The general objective of the present work is to contribute to a set up of an operational prototype of 

monitoring surface energy fluxes inside the Niger’s W Park, using Landsat data and few fields’ data. The model 

SEBAL/METRIC is used to estimate the main surface fluxes. The diachronic study of the obtained fluxes reveals 

constant daily mean values for a given season. During autumn 2002, the mean values of the daily evapotranspira-

tion are almost 4mm/day. Humidity indicators are then deduced from the obtained fluxes. Their diachronic study 

permits to identify area with cold pixels as been less stressed than area having dry pixels. This study shows that 

Landsat imagery can be used, at a large scale, in monitoring the main biophysical processes occurring at the 

Soil-Vegetation-Atmosphere interface. Then; it allows identifying areas at risk, inside the Park, needing an ade-

quate plan of management and conservation. 

 

Index Terms— Energy Fluxes; Remote Detection; Soil-Vegetation-Atmosphere interface; Diachronic 

 

I  INTRODUCTION 

 
Numerous studies were interested these last decades in the 

processes of transfer of mass and energy at the ground level, 

through estimating and diachronic studying of surface ener-

gy fluxes by remote detection. Such large-scale study is 

essential for a good understanding of physical processes 

occuring at the interface Soil-Vegetation-Atmosphere. It 

helps to better apprehend the combined impacts of natural 

variability of the climate and anthropogenic actions, observ-

able these last decades at the global scale. Diachronic study 

of surface energy fluxes allows identification of degraded 

forest’s areas or areas subject to severe hydrous stress, as 

shown by earlier studies [1-2]. It helps also to prevent the 

risk of wild forest fires, since plant’s hydrous state is in-

versely linked to inflammability of forest resources as 

shown by Viegas et al. [3]. It is therefore necessary to obtain 

at a large scale, reliable information on land surface energy 

fluxes and evapotranspiration. Many methods using remote 

detection data in calculating surface fluxes have been in 

focus as shown in earlier works [4-5-6-7]. The most used  

 

 

 

algorithms are: SEBAL, [8], TSEB,[9]), SEBI,[10] ), S-

SEBI, [5]) ; SEBs, [11] and METRIC, [6].  

 

In Niger, studies using remote data have been conducted in 

order to improve the management of the park, as shown in 

earlier studies [12-13-14-15]. Still, no study on surface en-

ergy fluxes and their relationship with soil’s state has yet 

been conducted. It is so necessary to fill this gaps.The gen-

eral objective of the present work is to contribute in the 

development of an operational prototype of monitoring those 

fluxes, using many Landsat data. This prototype is based on 

simplified procedures, to make it easy operational and re-

producible for field’s managers in sahelian’s conditions, 

where field data are rare and inaccessible.  

 

II CHARACTEISTICS OF THE STUDY   

AREA 

 
 The study area is located in Niger Republic (West Africa), 

Fig.1. It lays  between longitudes 2°25'E and 2°45'E and 
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latitudes 12°25'N et 12°40'N. It covers a surface area of 

63.000 ha. It is composed of a protected area in the south, 

inside the Park, and a non protected area in the North, out-

side the park. The two areas are separated by a natural bor-

der, the Niger River.  

 

      Fig 1. Geographic position of the study’s area 

 

It is a tropical type with soudano-sahelian climatic system. 

Four types of geomorphologies are identified and mapped in 

the area: rocky plateaux, pediments and drains, battleships 

plateaux and the intermediary forms as shown by Benoit, 

[13]. 

 

III MATERIALS AND METHODS  
 
The data used in this study are from six Landsat TM and 

ETM+ detectors, path 192 row 051, acquired during autumn 

in Niger, with almost clear sky conditions where, one can 

minimise the effects of cloud on the reflectance detected by 

the satellite.  

Solar conditions, on the day of acquisition of each image are 

calculated in this study. The obtained values and the dates of 

acquisition are presented in Table1. They are used during 

atmospheric corrections of the reflectance detected by the 

satellite (using MODTRAN 4/FLAASH model according to 

Hoke, [16]) and during correction of the effects of relief on 

the reflectance (using a Digital Elevation Model of the 

study’s area). They are also used during the parameterisation 

of the surface energy balance equation, given as: 

 

            RN + H + G + LE = 0                  (1) 

 

Where, RN (W m-2): net incident solar radiation flux; H (W 

m-2): sensible heat flux; G (W m-2): soil heat flux; LE (W m-

2):  latent heat flux. 

 

The raw Landsat images, used in this study, are of level 1 

delivered by USGS, (UTM, and WGS 84 Zone 31). The 

pixel size is 30m x 30m.The supervised classification, by 

maximum likelihood method, is applied to classify each 

image. The use of this method is motivated by our well-

known knowledge of the study’s area and because through 

experience, supervised classification becomes easier and 

more correct.Then, the six images were classified using this 

method. The results of this classification, for image acquired 

on 1st February 1990, are presented in FIg.2. 

 

 

Fig 2. Land use/occupation on 1st February 1990 

 

 The maps of this classification are indispensable at the time 

of executing SEBAL/ Metric, precisely while choosing the 

dry and cold pixels. These pixels (called anchor pixels) are 

pixels on which thermal gradient, dT and sensible heat flux-

es, H are calculated. Luminances of optic domains (Visible, 

near and mean infrared) were converted into reflectances 

before mapping the surface energy fluxes. The obtained 

reflectances are then used to calculate the following inputs 

parameters: surface Albedo (α), Index of Vegetation (NDVI) 

and Surface Temperature (TS). The theoretical basis of 

mapping evapotranspiration from remote detection data are 

nowadays well documented [17-5-6]. Steps given by Allen 

et al, [6] were used in this study to map the surface energy 

fluxes and evapotranspiration. The basic Eq. (1) had been 

that of surface energy balance. Thus, the equivalent energy 

of evapotranspiration, LE has been estimated as a residual of 

Eq. (1), applied to each pixel. It is calculated according to: 

 

 LE = RN - H - G                         (2) 

                                     

  Where, RN is given by: 

 

       RN = (1 - α) R
global 

+ R
atm

↓ - R
suf

↑      (3)     

                           

 With, R
global

: The incident global solar radiation, (W/m²) 

partially reflected by the surface in function of surface albe-

do, R
atm

↓: The incident atmospheric longwave radiation, 

(W/m²) and R
suf

↑: Shortwave radiation emitted by earth’s 

surface, (W/m²). 
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 H is the sensible heat flux, (W/m²) obtained by an iterative 

approach, from the aerodynamic equation, given by:  

 

                    H = (ρ
air

CpdT) / r
ah

                              (4)
   

                            
 

With: ρ
air 

= air density in Kg m-3; Cp = 1004 J Kg-1K-1 (spe-

cific capacity of air); dT (°K) = Thermal gradient of air 

(between Z1= 0.1 m and Z2 = 2 m above the ground),  

r
ah 

= aerodynamic résistance to heat transfer in s m
-

¹, be-

tween tow nearest surfaces, separated by distance Z
2
-Z

1
.  

G (W/m²)   is the soil conduction flux calculated according 

to Bastiaanssen, [17]: 

 

G = [(TS
 
- 273.16) (0.0038 + 0.0074α) (1 - 0,98NDVI

4

)] 

RN                                                          (5)  

 

 In Eq. (3) the surface albedo α is calculated according to 

Liang et al,: 

             α = 0.356r
1 

+ 0.13r
3 

+ 0.373r
4 

+ 0.085r
5 

+ 0.072r
7 

- 

0.0018                                                           (6)  

 

Where the r
i
 is the reflectance in channels i (1; 3; 4; 5 et 7) 

of Landsat satellite, corrected from atmospheric and relief 

effects. These reflectances are deduced from the correspond-

ing luminance L
λi
.The global solar radiance or incoming 

shortwave radiation is calculated using formula:  

 

        R
global 

= (Gcs × cosθ.img×τ
sw

) / d²           (7)     

                                          

With, Gcs = 1367 W m-2 (solar constant), cosθ.img (Integrate 

the solar declination; the latitude; the slope; the surface 

aspect angle and solar hour angle of our study area) is the 

spatial distribution of solar declination angle, d = relative 

mean distance between the earth and the sun; τ
sw 

= transmis-

sivity of the atmosphere, calculated in function of air effec-

tive emissivity. 

The atmospheric radiation R
atm

↓ is calculated according to 

the Stefan-Boltzmann’s formula:  

 

                 R
atm

↓ = ε
s 
ε

a
σT

a

4                                

(8) 
                                                                    

 

 With, ε
s
: The surface emissivity (it corresponds to the con-

version factor of thermodynamic energy to radiative ener-

gy), expressed in function of NDVI. 

ε
a 

: Air effective emissivity ; σ : Boltzmann’s constant. The 

radiation emitted by the earth surface R
suf

↑ is calculated 

according to Stefan-Boltzmann’s formula: 

                                             

                   R
suf

↑ = ε
s 
σ T

4

s
                        (9)

                                                                                              
 

 

 With Ts calculated from the radiative surface temperature 

T
RS 

(Ts = (TRS/ ε
s
) 4 i.e. by simple inversion of Stefan-

Boltzmann’s Law). T
RS 

is given by the following formula:  

 

             T
RS 

= K
2
/ln [(K

1
/r

c(6)
) + 1]          (10)     

                                                   

K
1 

and K
2 

are specific constants of calibration for each type 

of Landsat satellite. The values of the constants are given 

inside the header files of each image, downloadable at the 

same time with the image. r
c(6) 

is the real radiance emitted by 

the surface, corrected from the atmospheric and relief ef-

fects.  

Calculation of H from formula (4) requires simultaneous 

existence of dry pixels and cold pixels on the site of study as 

shown by Allen et al, [6].  The supervised classification has 

permitted the identification of such pixels: dry pixels are 

rocky levelling and burned area and cold pixels are meadow 

and aquatic vegetation.  

 

To spatialize dT, we have first determined the values of H 

on dry pixels (H
dry

) and after on cold pixels (H
cold

). They 

obtained values are then used to estimate the thermal gradi-

ent dT using an iterative process, starting by applying neu-

tral stability conditions of the atmosphere, until obtainment 

of dT convergence after successive corrections of the at-

mospheric stability, precisely on the aerodynamic resistance. 

The mapping of dT is made possible by assuming a linear 

relation with T
S
, according to Allen et al, [6]: 

                                   

 dT = a - b T
S                                                          

(11)
                                                                                   

 

Where b and a, constants estimated on anchor pixels 

(dry/cold pixels), chosen on each image. 

The spatial distribution of dT is used in another iteration 

process from Eq. (4), thus allowing the mapping of H. The 

spatial distribution of the other instantaneous fluxes allows 

mapping the latent heat flux, H and then the instantaneous 

evapotranspiration ET
inst

 witch is calculated according to the 

following equation: 

 

            ETRday = FE *Rnday                            (12)
                                                                                   

                                                                        

                                           

Where, FE (in French) is the Fraction of Evaporation con-

sidered constant for a given day, as suggested by Bas-

tiaanssen et al, [4]:  

    

  F E = LEinst. / (Rn-G)                           (13)  

                                   

LEinst is the instantaneous latent heat (LEinst) and (Rn-G) is 

the available energy at earth’s surface. 

Rnday is the net daily radiation given by: 

 

         Rnday = (1 – α0)*Rgday- 110* τday      (14)      
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 Rgday: is the global daily radiation and τjour: daily transmis-

sivity of atmosphere (expressed as function of sunstroke 

fraction n/N) given by: 

 

                τday  = 0.25 + 0.50 * n/N                     (15)     

                                  

Rgday is esteemed from the daily exo-atmospheric radiation 

Kexo and τday: 

 

                  Rgday = Kexo * τday                 (16)

                                    

Known that, to evaporate 1Kg of water we need 2, 45*106 

joules (latent heat of evaporation), we have ETRday in mm 

day -1calculated as: 

 

        ETRday = ETR (joule) / (2, 45*106)          (17) 

 

 

                              

IV Results and discussion 

 
A. spatial and diachronic analyses of the inputs parameters 

and the obtained fluxes 

The inputs parameters of the model, i.e. surface temperature, 

surface Albedo and NDVI are estimated, in space at pixel 

scale and in time at the different dates of acquisition, Ta-

ble1. This table and the figures of appendis A, (Fig1A, 

Fig2A, and Fig3A) show a very spatial variability of these 

inputs. This variability can be explained by the heterogene-

ous character of the study’s area, observable in Fig.2. From 

Table1 we can observe that when the NDVI is high the 

corresponding temperature is low, vice versa. This result is 

general; a ground which vegetal cover increases sees its 

surface temperature decreasing. This could be due to the fact 

that the vegetation reduces the aerodynamic resistance of the 

evapotranspiration. A complementary study is necessary to 

be conducted in order to verify such hypothesis.  

 

Table 1: Values of the inputs for each day of image acquisi-

tions 

 

 

 

 

 

 

 

 

 

 

 

 

 

Surface temperature is among the most key parameters that 

control the whole physical processes occurring at Sol-

Vegetation-Atmosphere interface. It is therefore important to 

get more reliable information on this parameter. Thus, its 

distributions (spatial and temporal) were analysed. The spa-

tial distribution shows that the surface temperature varies 

between 296.93°K and 328.75°K, Fig1A, with a mean value 

of 313.82°K. These values are in the same order of magni-

tude as the ones obtained by remote detection in areas with 

almost the same type of climate as our study’s area, [20-21].  

Minimum values correspond to cold pixels (water, meadow 

and aquatic vegetation) and high values to hot pixels (rocky 

levelling and burned area). The evolutions of surface tem-

perature, in terms of vegetation abundance (through the 

vegetation index, NDVI) were also analysed. On 4th Octo-

ber 1992, where the vegetation is abundant (mean NDVI 

=0.28, with maxima reaching up to 0.67) lowest surface 

temperature is obtained (TS = 307.11°K). This could be due 

to the fact that vegetation reduces the resistance of surface 

evapotranspiration, this induced diminish of surface temper-

ature. 

 

The temporal comparison between the mean daily values of 

the evapotranspiration, on the following days: 04/10/1992, 

30/11/1998, 02/02/2002, and 17/11/2002, shows that these 

values are practically constant (4mm/day), as shown in Ta-

ble 2. Indeed, except precipitations and wind all the others 

biophysical parameters are generally constant for a given 

season, like in autumn, season during which the study’s 

images were acquired. On the other hand, values of the re-

maining fluxes i.e. the sensible heat flux, H and the conduc-

tion flux G, are varying both in space, figures of appendis B 

(Fig1B,Fig2B,Fig3B) and time, Table2, due to the variabil-

ity of the phenomenon of convection.  

 

Table 2: Values of surface energy fluxes and evapotranspi-

ration 
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B. characterizations on the soil’s state 

 

Before characterizing the soil’s state, the diagrams defined 

by the relation between TS and NDVI were used to locate 

the dry/cold pixels, using the triangle’s method, [2-19]. The 

relation between TS and albedo was then used to confirm 

the positions of such pixels. For the image, acquired on 5th 

February 2003, a threshold albedo of 0.2905 was obtained 

for corresponding TS of 313.6°K, fig.3.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig 3. Surface temperature function of Albedo 

 

 
Cold pixels are pixels having cold temperatures with albedo 

lesser than threshold albedo. Dry pixels are pixels having 

high temperatures with albedo greater than threshold albedo. 

After locating the dry/cold pixels we have analyzed the 

spatial and temporal variability of the surface energy fluxes 

of two different areas extracted from the same image, those 

areas are named A and B:  A has more cold pixels (well-

watered and fully vegetated) than B and B has more dry 

pixels (almost bare soil not too much covered). Mean values 

of humidity indicators over area A, Table3a, shows highest 

values of evaporation fraction and daily evapotranspiration. 

On the other hand, these values are lowest over B, Table3b. 

This is explained by the fact that an increase of albedo in-

duces diminish of energy absorbed by the surface and thus, 

lesser temperature; as regulation by latent heat flux is no 

more possible. Covered surfaces have the highest values of 

fraction of evaporation. This has grave consequences, ex-

pressed as diminish of soil humidity and drainage of vegeta-

tion, more marked in case of lack of water. During the 

months of February 1990 and 2003, humidity indicators of 

zone B have the lowest mean values compared to those of 

zone A, Tables3a and 3b. Hydrous stress is thus more 

marked over zone B. According to Thiery and al. [22], it 

was during the last 90’s and 2000’s decades that negatives 

impacts of climate changes are observed in sahelian’s re-

gions. It is therefore highly probable that these observed 

lowest values are linked with the impacts of climate chang-

es. 

 

Table 3a and 3b: Mean daily values of humidity indicators 

on zone A and on zone B 

 

 

Table 3a: Zone A  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Table 3b : Zone B 

 

 

 

 

 

 

 

 

 

 

 

 

 

   

 

V CONCLUSION 

 
This study has permitted a diachronic monitoring of the 

main surface energy fluxes and humidity indicators. Ob-

tained maps have reflected the dynamic of the study’s area, 

for different inputs of the model used. The same dynamic 

was observed for the main resulting fluxes i.e. flux of con-

duction, sensible heat flux and latent heat flux. The monitor-

ing has allowed also the characterization of the soil’s state 

and identification of areas that can be subject to severe hy-

drous stress. By lack of sufficient and pertinent field’s data 

we are not able to verify some hypothesis we made in this 

study. More images and field’s data are necessary to get 
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interpolated daily, monthly and seasonal values.But the 

obtained values are in the same order of magnitude as those 

encountered in the literature for regions having almost the 

same type of climatic characteristics as our study’s area. We 

are planning to conduct a campaign of field’s data collecting 

and a real time satellite image downloading, over a long 

period, through an important research project, in collabora-

tion with some parteners. It will contribute in setting up the 

operational prototype of monitoring surface energy fluxes 

inside the Park. This will help to better apprehend, inside the 

Park, the various biophysical processes occurring at the sol-

Vegetation- Atmosphere interface. Then; it allows identify-

ing areas at risk, needing an adequate plan of management 

and conservation. 

 

 VI RECOMMANDATIONS 

 
As shwon through this study, remote sensing can be a pow-

erful mean of studying surface energy fluxes at a large scale. 

New generations of Satellites with a temporal resolution of 3 

days, like Formosat and Venus, offer the possibilities to 

utilize the same approaches developed in this study. Many 

fied data are also necessary to validate the obtained surface 

energy fuxes by remote sensing. Then, to conduct a better 

diachronic monitoring of surface energy fluxes, at a large 

scale, we highly recommend conducting the folloving field’s 

works: 

 

1. To realize a big campagne of field’s data collection, 

at pixel scale and at real time, corresponding to the 

passage of the satellite over the pixel; 

2.  To realize and test an operational prototype of con-

tiuous mapping of surface energy fluxes, using sat-

ellite’s informations; 

3. To devellop algorthims permiting the interpolation 

of the surface energy fluxes at the day’s basis, sea-

sonal’s basis and annual’s basis, between many 

dates of image’s acquisition. 

 

Taking in account the above three aspects in the monitoring 

processes is the only necessary condition for a better utiliza-

tion of obtained surface energy fluxes in the hydrologicals 

and environnemental’s thematics. 
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 ABBREVIATIONS LIST  

 

ETRday:  daily evapotranspiration. 

 

ETM+: Enhanced Thematic Mapper plus. 

NDVI: Normalized Difference Vegetation Index. 

PNWN: Parc National du W du Niger (French). 

METRIC: Mapping evapotranspiration with high Resolu-

tion and Internalized Calibration. 

SEBAL: Surface Energy Balance Algorithm for Land. 

 

SEBI: Surface Energy Balance Index. 

 

S-SEBI: Soil Surface Energy Balance Index 

SEBs: Soil Energy Balance System. 

TM: Thematic Mapper. 

 

TSEB: Two-Source Energy Balance algorithm. 

 

 

 

 


