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ABSTRACT 

MODIS global evapotranspiration was used widely in the world as terrestrial evapotranspiration for agriculture. 

This research aimed to evaluate the performance of MODIS global evapotranspiration product as terrestrial 

evapotranspiration in West Papua. A total of 32 MODIS global evapotranspiration image recording from 2016 to2018 were 

used. Four (4) statistical parameters, i.e., mean error (ME), root mean square error (RMSE), relative bias (RBIAS), and 

mean bias factor (MBIAS) are used to compare value from MODIS Global evapotranspiration product and value of 

evapotranspiration calculated by climatological data. The results show that MODIS global evapotranspiration value tends 

to overestimate and have lower deviation than climate data analysis. Statistical analysis present the ME = 0.43 mm/day, 

RMSE = 0.57 mm/day, RBIAS = 0.18, and MBIAS = 0.85. Based on statistical performance, MODIS global 

evapotranspiration can estimate evapotranspiration in Manokwari - West Papua with reasonable accuracy. 

 
Keywords: MODIS global evapotranspiration, terrestrial evapotranspiration, precision agriculture. 

 

1. INTRODUCTION 

Precision Agriculture has been a significant issue 

over the last three decades to aid plant agriculture. 

Precision agriculture is an approach to farm management 

that uses information technology to ensure that the crops 

and soil receive what they need for optimum productivity. 

Precision agriculture defined as the management of spatial 

and temporal variability in the fields using information 

and communication technologies [1]. Pierce and Nowak 

[2]define precision agriculture as the application of 

technologies and principle to manage spatial and temporal 

variability associated with all aspects of agricultural 

production.The main objectives of precision agriculture 

are to increase the profitability of crop production and to 

reduce the negative environmental impact by adjusting 

application rates of agricultural inputs according to local 

needs [2]. 

Evapotranspiration is one of the parameters in 

precision agriculture. Evapotranspiration (ET) is the 

amount of water released to the atmosphere from ground 

surfaces, intercepts canopy precipitation through 

evaporation and plant transpiration.  

Three (3)methods for interpreting 

evapotranspiration data have known, i.e., (1) 

measurement, (2) pan-evaporation, and (3) climate 

analysis [3]. However, these methods have some 

inconvenient. The estimation of evapotranspiration is only 

for the local area. The limit number of the meteorological 

station availablein Indonesia restricts the applicability 

ofdata for climatic analysis. According to BMKG, the 

number of climatological stations in Indonesia in 2018 is 

1197[4] with un-evenly distributed. 

 

 
 

Figure-1. Distribution of climatological stations in 

Indonesia [4]. 

 

The Utilization of remote sensing technology is 

expected to be an alternative solution. Remote sensing 

provides a cost-effective method to estimate 

evapotranspiration at regional to global scales.Some 

research works have a concern with theapplication of 

remotely sensed image to generate evapotranspiration 

information.For example the works reported by Tsoumi et 

al.[5]in Greece and Trezza et al. [6] in Mexico. Those 

studies show that the accuracy of evapotranspiration data 

estimated depends on the radiometric quality and spatial 

resolution [5][6][7]. 

Several institutions in the world provided 

evapotranspiration based on remote sensing data. National 

Aeronautics Space Administration (NASA) [8], European 

Space Agency (ESA) [8], U.S Geological Survey (USGS) 

[9], and Department of Civil Engineering - Indian Institute 

of Science [10] provide evapotranspiration data in the 

form of satellite imagery. MODIS global terrestrial 

evapotranspiration product (MOD16A2) is one of RS data 

for evapotranspiration measurement. 

mailto:indarto.ftp@unej.ac.id


                                  VOL. 15, NO. 4, FEBRUARY 2020                                                                                                           ISSN 1819-6608 

ARPN Journal of Engineering and Applied Sciences 
©2006-2020 Asian Research Publishing Network (ARPN). All rights reserved. 

 
www.arpnjournals.com 

 

 
                                                                                                                                                511 

Several studies showed that MODIS global 

terrestrial evapotranspiration product can estimate 

evapotranspiration with reasonable accuracy 

[11][12][13][14][15]. Furthermore, research conducted by 

Courault et al.[16],  Jiang et al. [17] and Kalma et al. [18] 

show that deviation of MODIS global terrestrial 

evapotranspiration is between  10% - to 30% compared to 

measurement and observation [16][17][18].This study 

evaluates the MODIS global terrestrial evapotranspiration 

product in Manokwari- West Papua - Indonesia. 

 

2. METHODS 

This research is conducted in Manokwari- West 

Papua - Indonesia. Generally, the main stages of this 

research: 

 

2.1 Data inventory 

MODIS global terrestrial evapotranspiration 

(MOD16A2) for area of interest around Manokwari City 

were collected. As much as 32 scenesfrom periods of 2016 

to 2018were collected.Furthermore climatological data 

from local  meteorological stations are also collected and 

uses for statistical calculations. 

 

2.2 Information extraction 

The purpose of this stage is to extract 

evapotranspiration information from MOD16A2. The 

evapotranspiration information extraction process is done 

using the HEG Tool released by NASA[8]. 

 

2.3 Statistical evaluation  
The five (5) statistical test,i.e.mean error (ME), 

root mean square error (RMSE), relative bias (RBIAS), 

and mean bias factor (MBIAS) are used to compare 

satellite data and local measurement data. The calcul using 

equations (1) to (5) as follow: 

 𝑀𝐸 = 1𝑛∑ (𝑦𝑖 − 𝑥𝑖)𝑛𝑖=1     (1) 

 RMSE = √1𝑛∑ (𝑦𝑖 − 𝑥𝑖)2𝑛𝑖=1    (2) 

 𝑅𝐵𝐼𝐴𝑆 = ∑ (𝑦𝑖−𝑥𝑖)𝑛𝑖=1∑ 𝑥𝑖𝑛𝑖=1     (3) 

 𝑀𝐵𝐼𝐴𝑆 = ∑ 𝑥𝑖𝑛𝑖=1∑ 𝑦𝑖𝑛𝑖=1      (4) 

 

Where: 

ME = mean error (mm.day
-1

),  

RMSE = root mean square error,  

RBIAS = relative bias,  

MBIAS = mean bias factor,  

yi = satellite évapotranspiration (mm.day
-1

), 𝑦�̅� = average satellite évapotranspiration (mm.day
-1

),  

xi = climate evapotranspiration (mm.day
-1

), 𝑥�̅�= =averaged climate evapotranspiration (mm.day
-1

),  

SDyi =standard deviation of satellite 

evapotranspiration (mm.day
-1

),  

SDxi =standard deviation of climate data processing 

(mm.day
-1

), and  

n  = amount of data.  

 

The perfect value of mean error (ME) = 0, 

relative bias (RBIAS) = 0, mean bias factor (MBIAS) = 1, 

and root mean square error (RMSE) = 0 [19]. 

 

 
 

Figure-2. Study Area. 

 

3. RESULTS AND DISCUSSIONS 

Spatial distribution of evapotranspiration derived 

from MODIS global terrestrial evapotranspiration 

(MOD16A2) for  the areaof interest is show in Figure-3. 

Furthermore, two colour histograms of Figure-4 visualised 

the comparison of evapotranspiration value derived from 

MODIS image and the value that calculated from climate 

data analysis.   
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(a) (b) (c) 

 

Figure-3. Evapotranspiration distribution in Manokwari – West Papua based on MODIS global terrestrial 

evapotranspiration: (a) 19 May 2016, (b) 06 May 2017, (c) 11 July 2018. 

 

It is show that evapotranspiration value derived 

from satellite (MOD16A2) is slightly higher than the value 

calculated from climate data. Then Table-1 present the 

summary of statistical analysis results of the 

evapotranspiration value’s  comparation  that derived from 

MODIS and calculated from climatic data.  

 

 
 

Figure-4. Comparison of Evapotranspiration value between MODIS(MOD16A2) and climate data analysis. 

 

Table-1. Statistical evaluation. 
 

Index Value 

Mean Error (mm/day) 0.43 

Relative Bias 0.18 

Mean Bias Factor 0.85 

Root Mean Square Error 0.57 

 

Based on the result of statistical analysis we can 

conclude that MODIS global terrestrial evapotranspiration 

(MOD16A2) have a good performance with reasonable 

accuracy compared with climate data analysis.  

 

 

 

4. CONCLUSIONS 

MODIS global terrestrial evapotranspiration has a 

good performance with reasonable accuracy compared 

with climate data analysis, so MODIS global terrestrial 

evapotranspiration product can be used as an alternative 

solution to generate evapotranspiration information in 

Manokwari- West Papua.  
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