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Abstract  
There are several methods for monitoring evapotranspiration, which are mainly measured on a point that will be difficult to generalize to the whole 
area. In recent years, remote sensing-based methods for estimating actual evapotranspiration have been widely considered. In this study, the amount of 
actual evapotranspiration per day in Qazvin plain was used by SEBS and PYSEBAL algorithms for 15 TM images, 22 ETM + images and 24 MODIS 
images without clouds and snow during the years 2000 to 2003. The results were compared with a drained lysimeter planted with grass in the Qazvin 
plain. Comparing the outputs obtained from the two algorithms, it was concluded that the PYSEBAL algorithm, using the latest methods of estimating 
evapotranspiration, such as the user not selecting two hot and cold pixels and minimal use of ground data, has been able to cover many of the 
weaknesses of other algorithms, so that the PYSEBAL algorithm in all three MODIS sensors, LANDSAT-ETM+ and LANDSAT-TM respectively 
with RMSE values (0.45, 0.46 and 2.02 mm/day, and R2 values of 0.96, 0.95 and 0.82) had better performance than SEBS algorithm in the study area. 
Furthermore, considering that determining the amount of water used for evapotranspiration is one of the most basic factors in planning in order to 
achieve more product, Kc coefficient can be considered as a suitable and fast guide in irrigation management. Studies on grass plant show the high 
accuracy of PYSEBAL model in estimating this coefficient. And finally, the use of remote sensing methods can be a good alternative to avoid high 
costs and improve water management in the region. 
 
Keywords: Crop Coefficient, Remote Sensing, Single source algorithm, Water management.  
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Figure 1. Geographical location of Qazvin plain and land use map of the studied area 
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Table 1. Data of input sensors along with the specifications of each of them in order to run the algorithm 
Images used Sensors Spatial resolution (m) Temporal resolution 

(DEM) SRTM 30 - 
(Albedo) MOD09GA 

M
O

D
IS

 

500 Daily 
Land Surface Temperature (LST) MOD11A1 1000 Daily 

Vegetation index (NDVI)  MOD13Q1 250 16 days  
Bands 1 to 5 and 7 LANDSAT-TM 30 15 days 

Bands 1 to 7 LANDSAT-ETM+ 30 15 days 
  

  
Figure 2.  List of images without clouds and snow examined in each sensor 
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Figure 3. Comparison of Evapotranspiration Results Estimated Using SEBS and PYSEBAL Algorithms by Three 

Sensors 
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Figure 4. Estimated evapotranspiration time series using two algorithms SEBS and PYSEBAL by three sensors in 

Qazvin plain 
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Figure 5. Actual evapotranspiration map estimated by three sensors in PYSEBAL and SEBS algorithms in August 2001. 
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Table 2. Comparison of estimated plant coefficient 

results using SEBS and PYSEBAL algorithms by 

MODIS sensor 
SE Ia R MBE MAE RMSE Algorithm 

0.03 0.60 0.68 0.03 0.10 0.16 PYSEBAL 
0.03 0.27 0.62 0.11 0.15 0.19 SEBS 

  
5�(� 4S3 �# �" ��* )6 D�� (4��: ��PN�  ���� @8$

��� �# @T� [
�Z +$���o�W�0 ���  �� �%�� �� ��8

?
$ �"  7"$�� /$ ����0 �3� ��� ��@8$ �$#��2�� �H 

$D=$�
 @8$ ��=�
. �� ��*� ��� �# �" � ��� ������#$#�� 

 ����0 �3�  7"$�� 5$D�� ?
��R�� �# ���0 �"�$�: ��=�0 

�� $� �#�', ���� D�� [
�Z ?
$ @8$  .@8$ ��3$# ����#

 4�$�) /$ �A
# �S
4��: �%��  ��3#��6�� �
#�.� �#

 [
�ZKc  7�
��AB$ C8��SEBS ���3��. �� ��*�  �"

�8���+��, ���  ����0 [
�Z �" #$# 5�T� ��=�0

��� �y"$ �# 7�
��AB$ ?
$ C8�� ��3#��6�� ��8 W�0 ���

 7�
��AB$ C8�� ��3#��6�� [
�Z �� @���PYSEBAL 

.@8$ �#�� �$�(� #��6�� ��� ��  

����0 [
�Z �
#�.� @(�: �# @
�
�� Y���� ���

�� �#���8$ �Z$�$ �����6  ���S� +$���o� 4�B# ?�(� �� .#�3

 �� �3 ��$�2 ��<B D�� ��6 /��� +��8�<� �# 56 ����/ �

�� ����0 [
�Z ���	� ?�(� �':$� �$�.� #��6�� �# ��$��

 ����� �����6 �S�3 Q
 d-8 �# ���0 �=�G� X6�fg�  ;:$�

T" �Z$�$ �0$ .#�3 ;�8� d-8 �# �/������/$  HX6 ;��	�

 �)$�/ p�2 �
 �����6 X6 ���3 � @=6 H���(���� ���	� 

 �	3�� ��3$# @
#��<� �(���3� 4�����  �y"$�P �� �����8#

@
#��<� ?
$ +$�f$ �3�  Hi�� d-8 l2�3 �# ��

 ��$�2 ��<B ����0 [
�Z #��6�� �# 56 �9����# � ����0

 4�B# ?�(� �� .�3��, �#+  /$ �#���8$ W�)�9	8 ��#/$ 

 �)�D� �':$� C
$�3���/$  x�= X��-� �P �# �(���3�

 �$�� �" #�%�� ;��	� h
�* /$ ����0 [
�Z �$�.� � ��3

 C
$�3$��
 �6 ��� �# ��=�0 �# ��$ �# �" �3 ��$�2 �#���8$ H

 ��-2 �':$� �
#�.� �� #�
/ KN�2$ #�%� +��,

4��: V%��6 �$�.� ��8�<� �# �   .�3 ��$�2 �=�G� X  

  

  
Figure 6. Investigation of values obtained from the plant coefficient by SEBS and PYSEBAL algorithms and its 

comparison with lysimetric data 
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