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ABSTRACT 

Adequate information on spatial and temporal distribution of surface energy balance components 

in the sub-Sahara region of West-Africa are critical for sustainable management of water 

resources besides better understanding of water and heat exchange processes between land 

surface and atmosphere. this study aim to; estimate surface energy fluxes and evapotranspiration 

in the Sudanian savannah in West Africa using both Eddy Covariance EC and remote sensing 

technique, and compare the result from the two techniques. Three EC stations’ data installed 

close to the Ghana–Burkina-Faso border in West Africa were used to determine the surface 

energy fluxes. SEBAL (Surface Energy Balance Algorithm for Land) model was used to 

estimate the regional distribution of the surface energy fluxes and evapotranspiration from these 

sites.  When comparison was made between the SEBAL modelled result with data from the EC 

stations, findings showed relatively good correlation of more than 0.6 from the three stations 

respectively.  

Keywords: Eddy Covariance, Evapotranspiration, Heat Fluxes, Landsat 8, SEBAL 

1. INTRODUCTION 

The availability and management of water supply in the sub-Sahara region of West-Africa is 

becoming a great concern. Food production and abundant availability of sustainable agricultural 

products for the increasing population in the Semi-arid regions of West Africa and changing 

climate, depends mostly on the good management of water resources. Most farm and agricultural 
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land has been degraded due to intense human activities, in view of the fact that, farming and 

livestock rearing is the major occupation of the people living in the area. Thus, comprehensive 

understanding of water cycle in this region is essential for water resources and agricultural 

management, as fresh water for human consumption and agricultural purpose is becoming scarce 

in the arid and semi-arid region of West Africa. 

Water from the land surface is continually released to the atmosphere either through evaporation 

from soils or water bodies or transpiration from vegetation in a process known as 

evapotranspiration ET. It is an important term in the hydrological cycle as it plays a key role in 

the uptake of water to the atmosphere and returns it back on the earth’s surface. 

It has been projected that climate change will influence the global water cycle, therefore, 

intensifying evapotranspiration globally (Huntington 2006, Meehl et al. 2007) and consequently 

leading to the scarcity of water resources (Jung et al. 2010). 

However, the combination of warmer temperatures with constant or reduced precipitation in 

other regions may lead to a large decrease in water availability for natural and agricultural 

systems as well as for human needs, especially in arid or semiarid areas (Jung et al. 2010).  

Evapotranspiration is represented in the energy balance as the latent heat flux. Adequate 

information on the spatial and temporal distribution of sensible and latent heat fluxes is critical in 

many fields, for example, crop management, watershed modelling, and determination of the 

available water supply. Latent and sensible heat fluxes are subject to rapid changes in time and 

space. It is extremely difficult to determine their spatial and temporal distributions over large 

areas from ground measurements alone. 

Actual ET losses from a watershed cannot be measured directly, it has to be estimated from 

water budget analysis, such that, the water budget components from the watershed are measured 

(excluding ET) and ET is obtained as the residue. ET is measured by instruments such as 

lysimeters or eddy-covariance (EC) systems, but, these methods are limited in that they   provide 

values of ET at specific sites and not at a regional or larger scale. Moreover, major hydrological 

variables required for quantifying the availability of water, such as soil moisture, actual 

evapotranspiration, rainfall and surface runoff are not readily available because measurements of 

these variables are not performed on a regular basis and most ungauged areas/watershed in West 

Africa do not have sufficient observation data. As sure, methods have been developed over the 

years that provide available hydrological data over large areas using remote sensing.  These 

remote sensing (RS) techniques had shown the potential to retrieve distributed and estimates of 

these parameters at regional and global scales with reasonable accuracy (Droogers and 

Bastiaanssen 2002; Chen et al. 2005; Allen et al. 2005, Kalma, et al. 2008). 



International Journal of Agriculture and Environmental Research  

ISSN: 2455-6939 

Volume:04, Issue:02 "March-April 2018" 

 

www.ijaer.in                                  Copyright © IJAER 2018, All right reserved Page 354 

 

Furthermore, eddy covariance above-canopy measurement of water vapour flux provides one of 

the most reliable and widely applied methods for estimating short- and long-term total 

evapotranspiration (Foken et al. 2004). In this technique, great care must still be taken in 

analysing the EC flux data to account for non-ideal measurement conditions (Massman and Lee 

2002, Mahrt, 2010).  

The objectives of this study were to; estimate heat fluxes and evapotranspiration in the Sudanian 

savannah in West Africa using the eddy covariance technique and remote sensing techniques, 

and compare the result from the two techniques.  

2. CLIMATE OF THE STUDY AREA 

The entire three sites used in this study are characterised by the Sudanian savanna climate and 

vegetation. The climate of this region is largely influenced by the movement of the Inter-

Tropical Discontinuity (ITD) that is, an area of low pressure cells, where the Northeast Trade 

Winds meet the Southeast Trade Winds over land, near the Earth's equator. In the region, one can 

distinguish between the dry and dusty air locally referred to as the ‘‘Harmattan’’, which is 

usually advected from the sahelian areas and the “southwest monsoon”, a moist wind blowing 

from the Gulf of Guinea. As such, the area is characterized with two seasons (dry and wet 

season), resulting from the interaction of the two migrating air masses. The dry season begins in 

the month of November and ends in the month of April. The dry season is dominated by dry and 

dusty harmattan winds, which is hot during the day and cold during the night. This wind is often 

accompanied by dust which is responsible for  the semi-permanent presence of dry fogs from the 

month of December to March with concentration of aerosols ranging from 15 to 20 mg cm3 

(Compaore et al. 2007), driest months are December and January. The wet season has a mono-

modal rainfall distribution pattern, usually from May to October with the rainfall peak occurring 

in the month of August. The rainfall is erratic and spatial in duration. The onset of the wet season 

is generally stormy, while the effective rainfall for agriculture purpose is low, due to the high 

run‐off and evaporation (Callo-Concha et al. 2012).  

The average temperature over the area ranged between 22°C and 40°C in the region, the lowest 

temperature are experienced in December while the highest temperature occur in March. Annual 

relative humidity ranged between 6% during the dry season to 95% in the wet season and annual 

rainfall ranged between 320 and 1100 mm with high spatial and temporal variability. 
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3. DATA AND METHODOLOGY  

3.1 Landsat 8 

The Landsat 8 satellite is an earth observation satellite having two sensors, namely, the 

Operational Land Imager (OLI) and the Thermal Infrared Sensor (TIRS). It measures the visible, 

near infrared, and short wave infrared portions of the spectrum between 0.433 and 12.5 µm. The 

two sensors provide seasonal coverage of the global landmass at a spatial resolution of 30 m for 

the visible, NIR, SWIR bands respectively, 100 m spatial resolution for the thermal bands and 15 

m spatial resolution for the panchromatic band. It has a temporal resolution of 16 days. It has a 

viewing swath width of 185 km, covering wide areas of the earth’s landscape, it provide 

sufficient resolution to be able to distinguish different features on the earth surface like farm, 

forest, rural areas, urban centres  and other land uses. The Spatial and Spectral Characteristics of 

Landsat 8 can be obtained from the website 

(http://landsat.usgs.gov/band_designations_landsat_satellites.php).  

Ten totally cloud-free Landsat 8 images acquired in 2013 were used. The area of study is located 

in the path/row 194/53 and 195/52 of Landsat 8 images, available at the USGS cluster. These 

images were downloaded from http://glovis.usgs.gov.  The list of downloaded LANDSAT 8 

satellite images used, are given in table 1. 

3.2 Eddy Covariance data 

Three Eddy Covariance (EC) stations were installed close to the Ghana–Burkina-Faso border in 

West Africa. The location map of the study area is presented in Figure 1. The first EC station 

was established in a village called Sumbrungu Aguusi (10.841°N, 0.918°W), elevation 190 m 

above sea level (ASL) in the Vea catchment, about 35 km drive away from Bolgatanga ( a major 

city) in the Upper East region of Ghana, West Africa. The second EC station was installed in 

Kayoro Dakorenia (10.918°N, 1.319°W), 292 m above sea level (ASL), within the Tono 

catchment about 100 km drive from Bolgatanga in the Upper East Region of Ghana, West 

Africa. The third EC station was installed in Nazinga Park (11.152°N, 1.586°W, 296 m ASL), 

which is a big natural reserve located about 50 km from Po in the Nahouri province of southern 

Burkina Faso, West Africa. The EC station is found within the Sissili river basin. The Study sites 

description can be found in Quansah et al. (2015). These EC stations were installed in order to 

measure the net radiation, sensible, latent, and ground heat fluxes respectively in the sites. The 

EC Instrumentation, Data acquisition and quality control can be found in both Bliefernicht et al. 

(2013) and Quansah et al. (2015).  

 

http://en.wikipedia.org/wiki/Earth_observation
http://en.wikipedia.org/wiki/Satellite
http://landsat.usgs.gov/band_designations_landsat_satellites.php
http://glovis.usgs.gov/
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Table 1: Downloaded LANDSAT 8 satellite images used in this study. 

Acquisition date Day of the 

year (DOY) 

Path/Row Catchment Stations 

within the 

Catchment 

18 September 2013 261  

 

194/53 

 

 

Vea 

 

 

Sumbrungu 

20 October 2013 293 

5 November 2013 309 

7 December 2013 341 

11 October 2013 

27 October 2013 

284 

300 

 

 

195/52 

 

Tono  

and  

partly Sissili 

 

Kayoro  

and  

Nazinga Park 

12 November 2013 

28 November 2013 

316 

332 

14 December 2013 

30 December 2013 

348 

364 
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Figure 1: Location map of the study area 

3.3 Surface Energy Balance Algorithm for Land (SEBAL) 

The method used in this study to retrieved surface energy fluxes from remote sensed data is the 

method proposed by Bastiaanssen et al. (1998) called SEBAL. It is a physically based algorithm 

that requires some ground based variables and remote sensing data in the visible, near infrared 

and thermal infrared band of the satellite spectral, acquired on a cloud-free day. The model uses 

physical models to evaluate the net radiation, the resistance for momentum and heat transport, 

ground heat flux for every individual pixel at the time of satellite overpass, and determines the 

latent heat flux as the remaining term of the energy budget equation. 

nLE R G H              (1) 
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where nR  is the net radiation, G is the soil heat flux H  is the sensible heat flux and LE  is the 

latent heat flux. The theoretical basis of SEBAL explained in details can be found in 

Bastiaanssen et al. (1998). 

The net radiation (
nR ) is computed as the sum of the net shortwave and the net longwave 

radiation.  

( ) ( ) 1    1n oS L L L
R R R R R 

   
     

       (2)
 

where 
s

R


 is the incoming shortwave radiation, 
l

R


is the incoming longwave radiation which is 

emitted from the atmosphere , 
l

R


is the outgoing longwave radiation which is emitted from the 

land surface,   is the surface albedo  and   is the thermal emissivity of the surface (that is, the 

degree at which the surface behaves like a perfect blackbody).  

The broadband surface albedo (α) was obtained from the top of the atmosphere reflectance at the 

broadband shortwave (0.25 – 5.0 µm) region of the Landsat 8 data using the semi-empirical 

relation proposed by Liang (2000). 

2 4 5 6 70.356 0.130 0.373 0.085 + 0.072 0.0018         
    

(3) 

where i  is the reflectance in spectral band i  of the LANDSAT 8 satellite sensor. The bands 

include the visible bands of 2 and 3, near-infrared of band 5 and the shortwave near-infrared of 

band 6 and 7 respectively.  

The reflectance of each band of LANDSAT 8 was calculated, following the method describe by 

NASA (landsat.usgs.gov/Landsat8_Using_Product.php 9/4/13). Where, the Digital Number 

(DN) of each pixel was first converted to spectral radiance and then to reflectance. 

The surface temperature was calculated as: 

0.25

0

b
s

T
T


              (4) 

where bT  is the brightness temperature, for Landsat 8, it is given as: 

2

1ln 1

b

K
T

K

L


 

 
 

           (5) 
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L is the spectral radiance of thermal band 10  2Watts m srad m  , K1 and K2 are thermal 

constants. In Landsat 8, 1K  = 774.89 for band 10, while 
2K  is 1321.08 for band 10.  

The soil heat flux was computed using the empirical equation developed by Bastiaanssen (2000), 

where G  is related to
nR , surface albedo , surface temperature 

sT  and normalized difference 

vegetation index NDVI . 

   2 40.0032 0.0074 1 0.98s
n

T
G R NDVI 



 
    

     

  (6) 

The sensible heat is the energy transferred between the surface and the atmosphere when there is 

a temperature difference between them. It can be computed using the bulk aerodynamic method 

as expressed as 

a p

ah

C dT
H

r

  
            (7) 

where a  is the density of air in 3Kgm , pC  is the specific heat capacity of air 1 11004 JKg K    , 

dT   K  is the temperature difference between two heights and ahr is the aerodynamic resistance 

to heat transfer. The instability of atmosphere, due to buoyancy effect of surface heating was 

corrected in SEBAL by an iteration process (Tasumi and Allen 2000). 

The aerodynamic resistance was expressed as a function of surface roughness, wind speed and 

displacement height; 

 2 1

*

ln
ah

z z
r

u k
            (8) 

where  1  z m  is the zero plane displacement height,  2  z m is the reference height (The values 

of z1 and z2 was set to constant values of 0.1 and 2.0 m respectively, independent of cover type), 

k is the von Karman constant  0.4  and *u  is the friction velocity expressed as 

 
* ( )

ln om

u z k
u

z z
            (9) 
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where    1 u z ms  is the wind speed at reference height z, and   omz m  is the particular 

momentum roughness length for each pixel given in Tasumi and Allen (2000) as,  

1
2expom

c NDVI
z c



   
   

  
          (10) 

where 1c   and 2c  are constants determined for each satellite images.  

The temperature difference dT  is expressed as 

ah

a p

H r
dT

C





            (11) 

In order to determine the dT  function in SEBAL, two anchor pixels are selected where a reliable 

value for dT  is estimated and H can be predicted. These two pixels selected are the dry and wet 

pixels. These wet and dry pixels were selected manually in the satellite image. The wet pixel is a 

pixel that has a low surface temperature and it is assumed that H is approximately equal to zero 

(i.e. all the available energy [Rn – G] is used to evaporate water from the surface and not to 

warm the surface) and surface temperature equal to near surface air temperature, that is, 0dT  . 

For this pixel, a well-watered agricultural field was selected, so that the aerodynamic 

temperature would be similar to that of other vegetative surfaces, such that dT for this wet pixel 

is assumed to be zero.  

For the dry pixel, a dry agricultural surface or a bare soil was selected, having a high surface 

temperature. The pixel is assumed to have LE approximately equal to zero, so that H can be 

retrieved from the residual of Rn – G and dT is maximum in this pixel. SEBAL assumes a linear 

relationship between dT and surface temperature sT    

                                                                                                               (12) 

 

where a   and b  are the linear regression coefficients valid for a given satellite image at a 

particular time. With the known values of sT  and dT as the hot and cold pixel respectively, a   

and b  can then be solved iteratively.  

The instantaneous value of the latent heat flux was computed for each pixel using equation (1) at 

the time of satellite overpass. The instantaneous latent heat flux was then extrapolated to daily 

sdT a T b  
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latent heat flux (λET24) using the evaporative fraction (EF) which is assumed to be constant over 

the day (Brutsaert and Sugita 1992, Farah et al. 2004) as:

          

n
inst

n

R G H
EF

R G

 



          (13) 

Where, nR  is the instantaneous net radiation and G  is the instantaneous ground heat flux. 

 24 24 24instET EF Rn G             (14) 

where, G24 is the daily ground heat flux which is close to zero,  24nR  is the daily net radiation.  

3.4 Evaluation Criteria 

The performance of the model in estimating the energy heat fluxes and ET were quantified based 

on Coefficient of determination (r2) and Root Mean Square Error (RMSE) 

4. RESULTS AND DISUSSION  

4.1 Remote Sensed Estimation of surface fluxes 

Using the satellite imageries given in table 1, together with routine meteorological data on air 

temperature, humidity and wind speed from the EC stations, pixel-based surface fluxes and daily 

actual ET were computed by solving the surface energy balance for the study area. 

In the process of SEBAL ET estimation, net radiation, ground heat, sensible heat and latent heat 

fluxes were estimated. The estimated fluxes and daily actual ET were in form of maps, such that 

each pixels contain the estimated value, showing spatial distribution of the fluxes over the study 

area at 10:30 GMT during satellite overpass. Spatial distribution of fluxes from one of the 

LANDSAT 8 scenes for 27 October 2013 is presented in figure 2 to figure 5.    

NDVI 

Figure (2a) shows the NDVI image from one of the LANDSAT 8 scenes at 10:30 GMT for 27 

October 2013. Negative values of NDVI correspond to water bodies, Values close to zero 

(between 0 and 0.1) generally correspond to barren areas of rock or sand.  Low positive values 

represent shrub and grassland which is approximately 0.2 to 0.4, while high values indicate 

temperate and tropical rainforests with values approaching 1. From the figure, the spatial 

distribution of red colour on the map represent the areas with lower NDVI values which means, 
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the area has less or no vegetation. The green parts represent healthier vegetation corresponding 

to high NDVI values.  

(a) (b) 

Figure 2: NDVI map (a) and Surface Temperature map (b) from one  

of the LANDSAT 8 scenes for 27th October 2013. 

Surface Temperature 

Figure (2b) shows the spatial distribution of surface temperature from one of the LANDSAT 8 

scenes at 10:30 GMT for 27 October 2013. The parts with red colours depict the hotter 

region/surfaces whereas the parts with blue depict the cooler region. The red parts of Figure 2 

shows the hot regions and this is typical of land cover type such as desert area, urban/rural areas, 

and tarred/concrete surfaces, whereas the light blue colour represents cool regions typical of 

landcover type such as water bodies and healthier vegetated areas. It is also noticeable that the 

areas with higher surface temperature correspond with area that has low NDVI values. Also, 

areas with lower surface temperature correspond with areas with has high NDVI values. 

Net Radiation  

Figure (3a) shows the spatial distribution of net radiation from one of the LANDSAT 8 scenes at 

10:30 GMT for 27 October 2013. The three main landscape features can be easily recognized; 

the desert areas in the upper part of the image have low net radiation values, the natural reserve 

park in the middle of the image and densed vegetated areas has a relatively high net radiation 

values. A dam called the Tono dam in the bottom right of the image is also clearly visible with 

very higher values of net radiation. A similar distribution is found in all scenes. 
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(a) (b) 

Figure 3: Spatial distribution of net radiation (a) and Ground heat flux (b) from  

one of the LANDSAT 8 scenes for 27th October 2013. 

Ground Heat Flux  

Figure (3b) shows the spatial distribution of Ground heat flux from one of the LANDSAT 8 

scenes at 10:30 GMT for 27 October 2013. Spatial distribution of ground heat flux showed that 

densed vegetated areas, irrigated areas and pixels that falls within the natural reserve park had 

low values of soil heat flux, pixels that falls within bare soil and desert areas had a higher ground 

heat flux as compared with the vegetated areas. The water body was found to have the higher 

value of Ground heat flux. Moreover, similar pattern were found for other scenes. 

Sensible Heat Flux  

Spatial distribution of the sensible heat flux as shown in figure 4a showed that pixels with higher 

surface temperature correspond to area with that has the highest values of sensible heat flux 

found in the desert area, dry and bare soil surface and urban/rural areas, as most of the available 

energy was used to heat up the surfaces, this was followed with areas with less densed vegetated 

areas. While the water body and densed vegetation was found to have the lowest value of 

sensible heat flux. Also, other scenes had similar pattern of the spatial distribution sensible heat 

flux with respect to land cover type. 
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(a) (b) 

Figure 4: Spatial distribution of sensible heat flux (a) and Latent heat flux (b)  

from one of the LANDSAT 8 scenes for 27th October 2013. 

Latent Heat Flux and Daily Evapotranspiration 

The spatial distribution of latent heat flux across the study area as presented in Figure 4b showed 

that, the lowest value of latent heat flux was observed across dry and bare soil. It was interesting 

to note that densed vegetation had higher latent heat flux value that the water bodies. However, 

the spatial distribution of daily ET as seen in Figure 5, high daily ET values were observed along 

river bed and in the dam of the study area, while low values are observed on the north-eastern 

sides. This is as a result of differences in land management practices and land cover-types. The 

north-eastern part is less cultivated and therefore drier compared to the densed vegetated areas 

(as can be seen in figure 2a). High daily ET values were also found in densely vegetated areas 

within the natural reserve forest. Low daily ET values are found in bare land, shrub land and 

farmland, which are sparsely vegetated area. The study area showed that at this time, the 

savannah landscape was relatively moist, and most land use type was found to transpire water. 

However, due to the climatic conditions at the time (last rain recorded prior to the satellite 

overpass on the 27th of October was recorded on 20th October 2013 in Kayoro station and 15th of 

October 2013 in Nazinga), the daily ET values were relatively high (for this day, the lowest value 

was 1.0 mm/d and the highest value was 5.2 mm/d) most of the study area contributed to 
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atmospheric humidity. Similar pattern of daily ET map were found for other scenes with respect 

to land use type. 

 

Figure 5: Spatial distribution of daily ET from one of the  

LANDSAT 8 scenes for 27th October 2013. 

4.2 Comparison of SEBAL’s Instantaneous Energy Fluxes with Ground Measurements 

Comparison of SEBAL derived estimates of Rn, G, H and LE with ground measurements is not a 

straightforward operation because the spatial and temporal scales of the SEBAL predictions and 

ground measurements are quite different. For the Kayoro and Nazinga station, six scenes from 

the LANDSAT 8 were used, while Sumbrungu had four scenes of the LANDSAT 8 that were 

available for comparison.  

4.2.1 Comparison of SEBAL Net Radiation with Ground Measurements 

SEBAL estimations for the net radiation and ground heat fluxes were spatially averaged over a 3 

× 3 30 m pixels window centred on each EC station, to achieve spatial representativeness of the 

in situ measured fluxes for each sites. Fluxes from six scenes for the area that covers Kayoro and 

Nazinga station and four scences that covers the Vea catchment where the Sumbrungu Agunsi 

station is located where compared with the in situ measured fluxes. 

Figure 6 present the comparisons of the instantaneous Rn measured on the ground and that 

estimated by SEBAL. The method used for the Instantaneous values of Rn derived from SEBAL 
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at 10:30 GMT satellite over-pass time significantly explained over 90% of the variation of 

measured values at the Sumbrungu station (r2 = 0.99), Kayoro station, (r2 = 0.97), and at the 

Nazinga station (r2 = 0.99).  The RMSE was 65 W m−2 at Sumbrungu, 51 W m−2 and 49 W m−2 

at Kayoro and Nazinga stations respectively.  

 

Figure 6: comparison of measured Net radiation at 10:30 and  

the instantaneous SEBAL estimated values. 

4.2.2 Comparison of SEBAL Ground heat flux with Ground Measurements 

The ground heat flux G was measured by soil heat flux plates combined with the determination 

of changes in heat storage above the plate using soil temperature and SWC measurements. The 

measurement area of a soil heat flux plate is about 0.001 m2 which is almost six orders of   

magnitude less than a 30 × 30 m2 Landsat pixel (Sauer 2002). 

G is spatially variable due to heterogeneity in soil moisture and vegetation cover, so that 

numerous flux measurements would be needed to estimate the average pixel G with the desired 

accuracy (Humes et al. 1994, Kustas and Norman 2000). In most field soils, the instantaneous G 

exhibits not only a temporal variability but also a large spatial variability which makes it very 

difficult to compare an average G for areas with the size of a typical Landsat pixel (Sauer 2002). 

Given the high spatial and temporal variability of G, within one Landsat pixel, the instantaneous 

measured G are expected to be rough estimate of the true instantaneous G estimate of a satellite 

pixel. From Figure 7, Instantaneous values of G at the Sumbrungu station, gave r2 of 0.27, 

Kayoro station, (r2 = 0.03), and at the Nazinga station (r2 = 0.17).  The RMSE was 101 W m−2 at 

Sumbrungu, 31 W m−2 at Kayoro station, and 51 W m−2 at Nazinga station.  
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Figure 7: comparison of measured Ground heat flux at 10:30 and  

the instantaneous SEBAL estimated values. 

4.2.3 Comparison of SEBAL Sensible and Latent Heat Fluxes with Ground Measurements 

Comparison of SEBAL estimated sensible and latent heat fluxes with ground measurements were 

done using 3 × 3 30 m pixels window centred on each EC station. The r2 of the instantaneous 

flux of H estimated by SEBAL at the Sumbrungu station was 0.64,   r2 = 0.61for the Kayoro 

station, whilst r2 = 0.83 for the Nazinga station when comparing the values of SEBAL modelled 

H with the in situ EC measurements (Figure 8). The RMSE of 38 W m−2 and 36 W m−2 were 

found for Sumbrungu and Kayoro stations respectively. While a RMSE of 43 W m−2 was found 

for Nazinga station. However similar results were found by other studies (Zhan et al. 1996, 

Ferguson et al. 2010, Teixeira 2010) when validating different models for turbulent flux 

estimation under different conditions of land use and land cover. At Sumbrungu station, r2 = 0.83 

with a RMSE of 118 W m−2, at Kayoro station, r2 = 0.87 with a RMSE of 116 W m−2, likewise, 

r2 = 0.86 was found for Nazinga station, with a RMSE of 134 W m−2, when comparing SEBAL 

modelled LE values with the in situ EC measurements (Figure 9). 
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Figure 8: comparison of measured Sensible heat flux at 10:30 and  

the instantaneous SEBAL estimated values. 

 

Figure 9: comparison of measured Latent heat flux at 10:30 and the  

instantaneous SEBAL estimated values. 

4.3 Comparison of SEBAL Estimated daily ET from LANDSAT 8 with Ground 

Measurements 

The SEBAL algorithm applied to the different Landsat images (in table 1 ) using the empirical 

relationships based on field measurements to estimate the daily ET are validated with field 

measurements from the Sumbrungu, Kayoro and Nazinga station respectively. At Sumbrungu 

station, the coefficient of determination r2 = 0.83 with a RMSE of 1.2 mm/d, at Kayoro station, 

r2 = 0.77 with a RMSE of 2.4 mm/d, likewise, r2 = 0.77 was found for Nazinga station, with a 

RMSE of 1.1 mm/d (Figure 10). The RMSE observed for the daily ET are quite high, especially 
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for the Karoyo station. However, according to Bastiaanssen et al. (2008), the values of daily ET 

predicted by the SEBAL model are within several percent from the measured values. Considering 

the fact that, the field measurements have their own sources of errors. 

 

Figure 10: comparison of measured daily ET and SEBAL estimated daily ET values for 

Sumbrungu, Kayoro and Nazinga Park respectively. 

Nevertheless, this result agrees well with other research done (Bastiaanssen, 2002, Mohamed et 

al. 2004, Compaoré et al. 2007, Opoku-Duah et al. 2008, Teixeira et al. 2009, Jia et al. 2013, 

Kiptala et al. 2013) that the SEBAL model can be used in estimating the spatial distribution of 

daily ET over a watershed using satellite data. 

5. CONCLUSION 

The spatial distribution of the net radiation, Ground heat flux, sensible heat flux and latent heat 

flux changes with respect to different land use /land cover type. For the daily ET,   lowest daily 

ET values was observed in bare soil and dry farmland and increases in wetlands/ dense vegetated 

area and in the forest region. The highest daily ET values were however, observed in water 

bodies.  

To complement the finding of the spatial distribution of energy fluxes using the remote sensing 

algorithm, the comparison between the measured energy fluxes and that estimated from SEBAL 

was done. At the stations, instantaneous net radiation estimated from SEBAL, when compared to 

the measured values were found to be much more similar with r2 of 0.99, 0.97 and 0.99 at the 

station in Sumbrungu, Kayoro and Nazinga respectively. Instantaneous fluxes of H and LE 

estimated by SEBAL had r2 of 0.62, 0.61 and 0.83 for the sensible heat flux, while the LE had r2 

of 0.83, 0.76 and 0.68 at the Sumbrungu, Kayoro and Nazinga station respectively when 
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comparing modelled values with the in situ EC measurements. However, the ground heat flux 

was not properly represented by the satellite data having r2 of 0.03, 0.03 and 0.17 at the station in 

Sumbrungu, Kayoro and Nazinga respectively when compared to ground measurement. The 

difference in the measured and modelled ground heat flux could be as a result of large spatial 

variability in ground heat flux which makes it very difficult to compare an average ground heat 

flux for areas with the size of a satellite pixel like LANDSAT. The comparison between the 

measured and estimated daily ET (using the LANDSAT 8 data) gave r2 of 0.83, 0.77 and 0.77 for 

Sumbrungu, Kayoro and Nazinga station respectively. The presented results, obtained from the 

SEBAL algorithm confirm the potential of providing spatial surface energy fluxes and daily ET 

on clear-sky days over large areas. It also show the potential of remote sense estimated surface 

energy fluxes and daily ET to overcome lack of reliable, objective, exhaustive, and consistent 

information on the water management problems over West Africa at a regional scale. In a 

situation where there are insufficient in situ observations and less meteorological stations 

network that can give better description of the climate variability of a region and validate climate 

model predictions, evapotranspiration modelled from remote sensing data using the SEBAL 

algorithm could be an alternative in providing decision support for system-wide operational 

water management issues.  
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