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Global database and satellite products with high spatial and time-lapse power, can be 

seen as a suitable alternative source for conducting studies of water balance 

components in statistically deficient areas and areas with no uniform distribution of 

stations. Use of this data provided that it has sufficient accuracy, for Iran, which 

many of its parts, especially desert and mountainous areas, due to the low density of 

stations, the short statistical period of new stations always faces problems of 

accessing local and time information in the region. They will be, of great importance 

it is. The main goal of the research is to assess the global database and satellite 

products to estimate real rainfall, Evapotranspiration, and changes in water storage in 

the Tashk-Bakhtegan basin. Used GLDAS, PERSIANN - CDR, CHIRPS, NCEP 

database to assess the rainfall according to our objectives. For real 

Evapotranspiration, the real amounts of evaporation and absorption were first 

extracted based on the Balance Torrent White equation, and the results were 

evaluated by the GLDAS database, GLEAM. The GRACE satellite was used to 

estimate the changes in the region's water reserves and to assess it the GLDAS 

satellite was used to extract annual changes in groundwater. Results obtained showed 

that the PERSIANN - CDR database performed best and consistent with its 

observational data across all statistical indicators before and after the Bias correction. 

GLEAM also had the best statistical performance in estimating Evapotranspiration 

before and after correction with Balance Torrent White Equation data. Comparison 

of the observation levels of underground water with data extracted from GRACE and 

GLDAS satellites indicates the existence of a similar trend, and, based on the power 

of GRACE's low locality segregation and the low area studied, the results for 

groundwater changes and Ground water is acceptable. The results of the present 

study show data from the PERSIANN- CDR satellite for rain, GLEAM model for 

real evaporation and absorption and GRACE satellite for estimating ground water 

changes as a convenient tool for making early, quick and low - cost estimates on 

Water Balance Components It will be used. 
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 G��� �&�VT OP��� �� ���+

�� X��T �� �V_���'�  X T) �'T1 �
�_ �� 	�
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  Figure 1. Tashk-Bakhtegan Basin 
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2 .3 .
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���.,��� � /�0�1� � �
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2 .3 .1 .��� �  (���  

	��� $</�K� F�� ��  �� 8��� $��+�� ��+17  ����" 	�
� �� 	��S)��1983-2013  .�T �Q���� �'�� ����T�'+ ������ ��
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 $0K�� ���� ��� i�'S� ����0�$</�K���'� .��� 	�T $q���  

  

  
Figure 2. Research methodology  

  

  
Figure 3. Average regional monthly precipitation data  
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Figure 4. Average regional monthly temperature data  
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Figure 5. Aquifer level changes  

  

  
Figure 6. Bakhtegan and Tashk Lake area (Square Kilometer) along with annual inflow (MCM/year) Lake 
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2 .3 .3 . 671 �8���� 	��5- ���.:� 
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�
 ����: ?����]� $� U'��� ?�I9P�  $</�K� �� �" �_�)� 
 ����� !" H���� ������ ���T �� $f���� $�

Saghafian et al. )2021Q���� (� F�� �� $� ��S)+ ���I9P� $YV: �� $� ���T � $</�K$� �'s��  &�S�� 
 ��
"��

 $f���� !" n�D��� ��S�� �� ?�I9P� $� $:'��� .��SQ�� ���E 	��DS�� ��'�  ����: ��+ 	����- ��" $:�'� ?����]�

) X T �� $� �T XZ�_ $f���� ���� ?����]� 
 �T $>��B�6 �����" 	�
� &'P �� .��� 	�+��� X��E (W� �� �_�)� F�

C�P $f����- �S=� &�� �� ��2011  �� ����� 
04/17 �� $)��0� �� ���0� F�� .��� H��� �S�'Y��k�� �� �_�)� F�

 &�� �� $f����1993  ��28/1433k+�� H��� �S�'Y�� 98 �� ���� �� �Z��  &�� �� $f���� �_�)� .�+�2012  �>)�

 &�� $�1993 �80 �� ���� �� tK� k+�� �Z�� G: �'>�� ��<� $� F�� $� �+� �B� $f���� $� ��
�
 ����: ����pm� 

 &�� $� �>)� $0K�� �� 8��� ��G��2011  &�� �� .���2019 k��GQ� $� $:'� ��  ��
� $f���� �_�)� �8��� ��G��

 ���0� $� 
 $ST�� ����GQ�415/35 ��� 	���� H��� �S�'Y��.  &�� �� $f����2009  �
�_2-5/1  $ST�� ���� k��GQ� �S�

 ��
� y�� 
 
 $SQ�� �- �� k+��|�>��0�  &�� ��2014 .��� $ST�� �G�f�� ���� ?����]� �<� $� 

 

2 .3 .4 .�+<�� =�+5 � ��:!5 ������  

 $� $:'���F�� $� 	��� $0K�� F�� �� ��� ��)�� �':'� ;�<� 
 ��=>�  ���� ����+��� ��+� =>� $>��B�� 8
� ;�<� 
 �

�
 ���'���� XV</��'S�� O��K� 
 ��$ ����� 	��DS�� 
��� ?���
 !" �9���� .��� 	�� =>� ��
"���)��S- ;�<� 
 �� X

��� �� $��+��� �
 ���'� 8
� 
 $��+���� i��
� �� ��:��� 	�T 	��DS�� �  

 $K���1                                                                                                         ( ��  = ∑ (��5 )1.51412�=1 

 ��" �� $�:I ��_ $��V��&�� ��  
T: �S��� �_�
 �� $��+�� i�'S� ���� ���� ��  .�T��  

 $K���2                                       (� =  (6.75 × 10 ��)�� − (7.71 × 10 ��)�� +  (1.792 × 10��)� +  0.49239 

" �� $� ��α�^ :���>��B� N� ��  .�T��  

 $K���3                                                                                                        (�� = 16� (!"#$% )& 

��" �� $� Ep�Y�� �_�
 �� $��+�� X�)��S- ;�<� 
 ��=>� : �S�  
Nm�^ :�_9Z� N� ���'�-�
���� �� ��I �+� 

Q��]:���� oYS=� �� .�T��  

�� ����� $� �� �� �� F�� �(��� �8���) &�� ��
�
 ��+�S����- W� ���<� $^'_ ���� &�� �� �� �+�  $� ���+

	���  	�T �>p ��+W� ��$^'_ ���� ��� ���E &�� .��� 	��DS�� ������ � 	��� $� ���+ 	�T �>p ��+ ��=>� ���� ��  


���V� $>��B� �� $^'_ �<E�
 
 X�)��S- ;�<� 
 ��=>� ����0� ������ �':
 ;�<�. Asadi et al. )2020 (�G���  
 ��=>�

bR�T �� 	��DS�� �� ���Q ��S�� �� ;�<� ������� .����� ��
"�� ���M� ��+ �"  �+ ��S)>V+ N��^'�  
 n�D��� F��

+ 
 l�S��� FV�- ����
 ���'� ��+ 8
� ������ �'�����k�� �� ���0� �� ���
 ���'� �� ���0� F�91/0 .��� $ST��  

������ ���0� ��<E�
 ;�<� 
 ��=>� ��
"�� ����� =>� 
�)��S- ;�<� 
 ���0� $��+�� X���'Z �� ������ $)� � $

������� =>� ��� �W� �� =>� �" X� ��T���<E�
 �� � $v���f 
 	�T !')B�� ���0� Fk�� �� T�������� ���  �� y- �����

�� ��'� !" �)��R ��'P� ��������� �� D����� ��� 	��  �'T���� �� $���� \'D� 
 !���
� 	���.  ���0�»��=>� 
  ;�<�

X�)��S- «) .K��� ��3 ���0� ���� �" c9Z� ���� $� ���� 	�T $>��B� �DZ ����Q��]: ��I �� (» ;�<� 
 ��=>�

X�)��S- « �� 	�T $>��B��_9Z� N��^ K  �'T !�^ ���� �s� ��'� $0K�� ����Q��]: ��I 
 	�� e'A=� $�

)Eta=K×EP(.  
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2 .3 .5 .
����� �

��� �  ����� 

 $� $:'���F�� $� 	��M�� ���� ��'� ?�I9P� ��
" HV: ���� 
 �+	����- �+ 
 [��+� �� $:'� �� ������ �':
 �I'�S� �

��Y��E  	����- ��+	��� �+ 
��) ���� �Y>E ?����M� 
 O��'� �(����� 
 ��� � C� D� ?��E �������D/J�$ �9�� ��+  


W+ F��f 	��� �� �� �� ���� �"  �+	��� 	����- ��Q�� �+�'R ?�'Z 	���" �� $� ?�</�K� ����   �� $� �T !�=S�� ���+

) &
�:1�� ( 	��� 	����- X� ?�I9P� ��'� 	��� n'� 
 �+ � 	�+��� �� �+���� �AS=� t�^'� $���� �� .�� �"  �+ 	�T $q���

.���  

  

2 .3 .6 . 
��� 
�����PERSIANN-CDR
1

 

 $I'VM�	���CDR - PERSIANN$� ?�'Z 
 ����D�/�� 	������ i�'� ��S�� NOAA  �� �� ?�I9P� 
 	�T $���

 &��1983 �� $q��� �'�� �� ) �+�Ashouri et al., 2015; Duan et al., 2016 
 .( 	��� �� �" 8��� ��+��
"��

	��'+��  ��IR  
MW �� $>��B�  .�'TPERSIANN-CDR 	��� $I'VM� C� $� ���� $� ���� w��- [�+ ��  ��+

$� ������ 8��� ��
� 
 ?����]� $</�K� ���� ����: 
 @�� c'^
 �� �?�� ��@'P ������- ����T 8��� ��+����
� 	,�
 

$�  ���'+ 
 !" ?����]� X�/� .��� $SQ�� ���E $:'���'� ��<�>P ?����]� 
PERSIANN-CDR  WS��'�/� ��

PERSIANN 	��� �� 	��DS�� �� G��E �
��� ��+Gridsat-B1  &'AB� [9R�� �'��� ��/'�PERSIANN � $� � ��

 
 C��G� �<E�
 ����$� �'P  Ws�������� 	����� ���� 	��'+�� ��+  ���� ��S�� �� ��PERSIANN-CDR 

�	�� 	��M�� $��+�� ��+ GPCP�� ���E �'R 8��� ��
"�� �� �� �+� )Duan et al., 2016.(  

  
Table1. Specifications of the used databases  

Precipitation 
Source Data Period Coverage Freq. Resolution Data set 

https://psl.noaa.gov/data/ 

gridded/data.ncep.reanalysis.html 
Precipitation 1979–

present Global Monthly 1.875° × 

1.875° NCEP 

http://chrsdata.eng.uci.edu Precipitation 1983–

present 60°S–60°N Monthly 0.04° PERSIANNN-

CDR 

https://ldas.gsfc.nasa.gov/gldas Precipitation 
1948 to 

present 
Global Monthly 0.25°, 1.0° GLDAS 

http://chg.geog.ucsb.edu/data/chirps/ Precipitation 1979 to 

present 

40°N to 

40°S and 

from 20°W 

to 55°E 

Monthly/Daily/6hourly 0.05° CHIRPS 

Evapotranspiration 

https://ldas.gsfc.nasa.gov/gldas Evapotranspiration 
1948- 

present 
Global Monthly 0.25° GLDAS 

https://www.gleam.eu/ 
Actual evaporation 1980- 

present Global Monthly 0.25°/25km GLEAM 
Transpiration 

Total Water Storage Change 

https://grace.jpl.nasa.gov/data/get-data/ 
Water Equivalent 

Thickness 
2002-

2019 Global Monthly 1.0° GRACE 

https://ldas.gsfc.nasa.gov/gldas 

Storm surface 

runoff 

1948- 

present Global 
3-hourly or monthly 

 0.25°, 1.0° GLDAS 

Baseflow-

groundwater runoff 
Soil moisture 

Snow depth water 

equivalent 
Snow melt 
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2 .3 .7 . 
��� 
�����GLDAS
2

 

 X�YB� WS)��$�>T 
  ��V+ �� ����: kT'- �� F��� ����GLDAS����� ����V���� F�� ��S�� ��� C� � 

NOAA �GSFC  
NCEP ��� )Swenson, 2006( .GLDAS  WS)��&�� ��� $� ��� F��� !" tK� ����: �

	��� �� 	�+��� ��+ 	��'+�� �� W+ 
 ��  �u'/
���+ ?�0�0B� F��f$�>T ���� � $SQ���- ���� �� 	��DS�� �'+ 
 !" ��� 

)Swenson, 2002 .( &��GLDAS 	��� $� ��� ���I &�� C�  
 ����� C� D� ?��E �� �� &��<� !" tK� ��+

�� F��m� ��>���� ��� � ��� F��f �� 	��DS�� �� �YZ� 
 	�VI X �� .&�� �+ OP��� �� 	��� FST��� ��u'/
���+ �

	�T 	��T'-  $� $:'� �� .��� !" ��F�� $� &�� �+ �u'/
���+ &�� ����� �u'/
���+ �GLDAS  � �R OP��� �� i0Q

 $f���� �':
 $� $:'� �� $</�K� F�� �� ��/ ������ ���0�$� �'s�� tK� ?����]� ����� !" �+ ����� ��� �� ��������� �

.��� 	�T 	��DS�� G�� $f���� ?�A=��  

  

2 .3 .8 .� 
����� 
��CHRIPS
3

 

 CHRIPSC�� � �� 	��DS�� �� �Y>E !��M� ������ 	��� ���>��� 
 ��VT'+ ��+  8��� 	�T �>p ?�� ��@'P ��+

�� F�V=� �� 8��� ��G�� ���� G��E �
��� ?��+��� ������ 	��� .��� ����0� �� �" ��+ Tk  �� $SI���$  �� $+��

 .��� ��S��CHRIPS s� ����� 
 �/�) �R �� ?���� L�M�� ����: $>T ���0� �� �V�YE� ?����] .���� W+ F��f 

 	��DS�� ?�� ��Y� ��
� X�YB� 
 $�GM� ���� �� �"�� ) �'TGao et al., 2018.(  

  

2 .3 .9 . 
��� 
�����NCEP-NCAR
4

 

 
 ���� k�- G��� F��&�� ���	��� � 	��� ��V�YE� ��+  �� �'R 	�T X�YB� ��� ��+$� ?�'Z |�>��0� � �� ��"�
1946  ��

W+ $� ��� $^�I �<E�
 ���� �Q���- �� 	�
��� .���� $���� G�� �'��� $���� �� 	��S)� ��+  L'YI 
 ��
��Q �'���'� ��+

	��� �� ������: X)� ��'���E� 
 �': �� $^�I 	�T X�YB� ��� ��+ 	��� �s� �� 
 &�� ������ �s� �� W+ $� �'T  ��+

<�'� ���)� �&�� ��
�
	��� ���- $  .���	���  8��� ��+NCEP-NCAR  ���� k�- &�� �� ��� C� �I�� kT �+

��  $���
� 8��� n'VM� ��
� C� �� $SQ�� ?�'Z ���� k�- ���f n'VM� �� $� �'T$� ��� �� ) ��"Janowiak et 

al., 1998; Bordi et al., 2006 $�'� F���� .(&�� �+ 	��� ��/'� ���� W�� $� 8��� ��+  
 ���S�� ���� ���]S� F���

	��� �� ��� �/�) �R ������� 	�+��� ��+ �DS�� 8��� ���V� 	�  �� $� � �G�Q &�� C� �� 8��� ���0� $ Y� �'T

�� 	��� �" ����� 
 	,�
 ��'P� ���� ���� ����� ����� ��+���]S� k�- ��� �� ���� .�'T  

  

2 .3 .10 . 
��� 
�����GLEAM
5  

�=>� ����: &��L���S)�" F��� tK� � )GLEAM(1 ;�<���=>� oYS=� ��G:� $� ��� WS��'�/� C�  �;�<� X��T

 �� ��=>� !������� ������ �� !" ���" tK� �� ��=>� 
 [�� ��<A� �C�R ��R tK�	 ���� 	��'+�� ��+  F�V=� ���

�� �:
�R .��� ��'P� �X�)��S- ;�<� ��=>� X��T &�� ��+ 'P� �$��� $�_�� ��R ���=>� k�� 
 ��R tK� ��

	��� $I'VM� �� ���=>� $� U'��� ?�I9P� �������x���_ $� �8
� F�� OK�� .���  
 �V�YE� ?��+��� �� �':'� ��+

��Q �� �K�B���)Miralles et al., 2011(.  &�� ��GLEAM |@'V<�  
 {�G� ���0� �� �O�E� ����0� ������� ����

�� 	��DS�� @�� c'^
 �� 'T�BZ �� ����VP� ���� .� ���0�� �	����� ���� M�� i�'� 	�T�	�  
 ;�<���=>� ��+W+ F��f 

oYS=� ������ k��GQ� ���� �" ��+ ��� L�@ {�G� ���0� �� ����� �M����>SI�.  
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2 .3 .11 . 
��� 
�����GRACE
6

 

�'�m� C� �y��� ���'�m�	��'+�� �� � �GM� 
 $���� 	��'+�� 
� �� $� ��� �� 	��'+�� 
� F�� .��� 	�T X� �� W+ �

 �
�_ n�D��� ��500  $YZ�Q �� F��� tK� �� ��S�'Y��220 �� ���_ W+ �� �S�'Y�� ���� )Tapley et al., 2004.(  ��

	��'+�� $� �YB� X0p ����� ���]� �� �'>I �" �� �+ �" F�� $YZ�Q �����  �$YZ�Q ?����]� F�� G�/��" �� 
 	��� ���]� �+

�� a'� &'P ��'� W+ 
 X0p ����� i�'S� 
 ��Y� ��+  �� �" ����� ?����]� F��f	����� ����� y��� .�'V� �  ���'�

���0� �� F��� �BK� $�@ �� L�: ?����]� $� �� {�G� ��+ ) ��G� F�V=� ��'RHofmann et al., 2006( . �� y-

��0� C� �� 	���V�E�� &����� ���'���E� 
 �': ?��p� [�_ F��� �� $��+�� ����� �$� 	�VI �'P  ?����]� $� U'���

!" ���R\ ) ��� �����Landerer et al., 2012�� XZ�_ ����� !" ���R\ ?����]� .( 	��� W�T $=)� �� �y���  ��+

 � ���" ��G�� 	������ ����Q ?�0�0B� G��� $� tK� $��+��$� ��� .����" 

  

2 .3 .12 .�*��	 3� /����45 

��':'� ) ����� !"TWS(7  �� $� ��" n'VM� �� �)���>I ���� ?��>I $� .��� �':'� F��� tK� ��� 
 tK�

TWS $�@ 
 ��R ��'P� ��������� !" X��T !" ��BK� ��� �VM�� ��+ W+ 
 [�� 
 w� ��BK� ��+  ��'P� F��f

	�'� �� �':'� �� �S)�� ��+  ?����]� ��
"�� .�T��TWS ���0� ��  ��� � ��+$� {�G� W� X�/�  ��'� ?�I9P� ��'�

 ����|@'V<� k/�f ��  ���
��Q ��+$�
� 
� �� 8
� .�T�� 	����� &'V<� ��+  ����TWSC
8 	����� �� ?��>I 	�f ����  ��+

	����� �$��V� W+ 
 ��R ��'P� ���� $f���� ���� ?����]� �>p F��f �� �+ 8
� .�T��  ��� ������ �>���� �E� �'��� ��+

 ��
"�� ����TWSC  
 �'� ��+�'R �� $��G+ ���)� H��
 ��<�� ��|@'V<�  	��� �'>V� ��$�
� 
�  �� .��S)+&�� �+ ��R� �

	��� 	��'+�� ��+ $� �� ��� �V�YE� k����" 
 k���� ������� 	u
�- �� 	��" )GRACEW+ 
 ( $�>T F��f ����  ��+

L�M�� I9P� O�DY� ����: WS)�� N/�E �� 	�T) ����� ?�GLDAS ��
"�� ���� �� �>���� ?��� �� (TWSC  ��<�� ��

$� ?�I9P� .��� 	�'V� ��M�� 	��S)� ��� � ��� 	u
�- �� 	��"  ��+GRACE  
GLDAS '���� ?�</�K� �� �

X��E $S � �� .��� $SQ�� ���E 	��DS����'� ���<S� � �u'/
���+ NY�� �� $:'� �" ��+  	��DS��W+ ����  
� F�� `��S� ��

�� $� ��T�� �'B� �� $� 	��� �D� ��'�  ��+$� ��� 	��" �� �� 	u
�- 
� F�� ��  ��'�$� ��'�I  �� ���� � XV �

X�YB� ���0� �� � �u'/
���+ $SQ���- ��+ �Q�� ��� $� {�G� ��� � ��+. 

  

2. 3. 13 .�*��	��	 3� /����45 ����	�� 

 ?�I9P� �� 	��DS�� ��&�� �+� 	��� ��+GLDAS   
	��� �+  �GRACE ��  !" ?����]� e'AR �� ���
"�� ��'�

$^'_ tK� �� ��������  $�@�� ���0� �� L�M�� G���"  �� ���� F�� �� .���  !" ?����]� ��
"�� ��: ��� $K��� �� ��'�

) �'V� 	��DS�� ?�I9P� ������ ��������Joodaki et al., 2014; Frappart et al., 2018:(  

 $K���4           (∆)*+ = ∆�*,()'-.�) − (∆,/ + ∆,*� + ∆01 + ∆012 + ∆01�)()+3-,) − ∆+4('567891) 

X )�- ����� ��� �� $D/J� ��+ a��=S�� ��+  	����- �� 	�TGLDAS �_�
 X��>� �� y-  ����� ��� �$P'��� ��+

�� XZ�_ $��+�� ?������ i�'S� $D/J� �� L����+ $�@�� ?����]� y�� ��'T   &
� 	�� �� �R" 	�� ����0� �����)� �� �+

 &�� �+$� ��� �� ���" 	���  ��+GRACE !" ?����]� �'R �'f G�� F������ �� 	��� ���� �� �����  ����0� �� ����

$��+�� �" ��+ �� XZ�_ $�@�� ?����]� ) $K��� �� .�'T4 �(∆)*+ ����]�? !"  ��������� ��+∆�*,  ���R\ ?����]�

!"  ������∆,/  OVI �� ��R ��'P� ?����]�100  �/�200 �S��� ���S�∆,*�  !" ?����]�  �[�� &��<�∆01 
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 ��BK� ?�����: ?����]�∆012  �$��- ?�����: ?����]�∆01� �[�� !
\ ?����]�∆+4  .�T�� �� $f���� ���� ?����]�

�<�  &�� �u'/
���+ ?��p� �)� ��GLDAS 	��� �� 	��'+�� ��+  ��+GRACE!" tK� ?����]� $� ����� �� �  ��+

	��'+�� ?��+��� �� ��������  ��+GRACE ) X T �� .���� W�+�'R ����7�� ( !" 	��R\ ?����]� ��'�  �� XZ�_

GRACE) X T �8>T ( ���� $ 	���  ��+GRACE ) X T �� 
 $0K�� ��9 �� 	�T a��=S�� ��+�S����- ?����]� (

 &��GLDAS .�'V� 	�+��� ��  

  

 
Figure 7. Water storage changes from GRACE 

  

  
Figure 8. Grace data resolution 
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Figure 9. a) Baseflow-groundwater runoff, b) Snow depth water equivalent, c) Soil moisture, d) snow melt,  

e) surface runoff.  

  

2 .3 .14 .
��� 
����� ����	�� �
 

	��� 	����- �������  �+|@'V<�  ��8
�  �� L�M�� ?������ �=���� 	�
� C� �� 
 $S�'�- ����" �������) &
�: �� .�'T2 (

bR�T ?@��<� $S�'�- ��+ )R2� NSE  
RMSE	�T �Q���� ?�I9P� .��� 	�T $q��� (  ��	����- �+ $� ?�'Z  $ >T

�� ���� $ >T F�� �� L����+ 
 �T�� C� �+  ���Q9SR� �<E�
 i���T �� ?�I9P� F�� $� ����� ?�I9P� ����� ���

 	��+� kT'- &'Y� ?�I9P� �	�'� �':'� ?�� ���� ?�I9P� ��� �� ����+��� kM�� 	��S)�� $� �P�0� �� .��ST��

	��� 	����- �� �
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  �i��
� F�� �� $� 3 JKLMSSSSSSSSS :�=���� 	�
� &'P �� e�R 	�� C� �� 	��� 	����- �� �s� ��'� �S����- F������  
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��	� 	��� �� ����0� HV: �� 
 8��� ��+ 	��� 	����- ��+ 	��� �
� �� �>��� c9Z� ��+ ��=>� 
 ��� ��+-  L�M�� ;�<�
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Figure 10. Average regional annual rainfall (Before bias correction) 
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Figure 11. Regional average annual long-term rainfall (Before bias correction) 

  

     

     
Figure 12. Correlation coefficient observational data with precipitation databases (Before bias correction) 

 

  
Figure 13. Taylor diagram (Before bias correction) 
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Table 3. Values of evaluation indicators (Before bias correction) 
Dataset CHIRPS PERSIANN-CDR GLDAS NCEP 

r2 0.77 0.91 0.85 0.41 

RMSE 31.15 20.18 23.38 44.44 

NSE 0.56 0.81 0.75 0.10 
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Figure 14. Average regional annual rainfall (After bias correction)  

  

 
Figure 15. Regional average annual long-term rainfall (After bias correction) 
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  Figure 16. Correlation coefficient observational data with precipitation databases (After bias correction) 

  
Table 4. Values of evaluation indicators (After bias correction) 

Dataset CHIRPS PERSIANN-CDR GLDAS NCEP 

r2 0.78 0.92 0.9 0.58 

RMSE 22.32 15.02 15.80 34.60 

NSE 0.77 0.9 0.89 0.45 

  

  
Figure 17. Taylor diagram (After bias correction) 
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Figure 18. Monthly actual evapotranspiration data from the databases with the Torrent White balance 

equation (Before bias correction)  

 

      
Figure 19. Correlation coefficient observational data with actual evapotranspiration databases  

(Before bias correction) 

  
Table 5. Values of evaluation indicators (Before bias correction) 

Dataset GLEAM GLDAS 

r2 0.52 0.38 

RMSE 16.36 17.70 

NSE 0.43 0.34 
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Figure 20. Monthly actual evapotranspiration data from the databases with the Torrent White balance 

equation (After bias correction)  

  

     
Figure 21. Correlation coefficient observational data with actual evapotranspiration databases  

(After bias correction) 

 
Table 6. Values of evaluation indicators (After bias correction) 

Dataset GLEAM GLDAS 

r2 0.84 0.81 

RMSE 8.86 9.96 

NSE 0.83 0.79 
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Figure 22. a) Aquifer alignment changes, b) Cumulative changes in Aquifer alignment 
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Table 7. Values of evaluation indicators  
NSE RMSE r2 Dataset 
0.47 0.84 0.52 GRACE 

  

 
Figure 23. Correlation coefficient of observed groundwater changes with the values obtained from GRACE 

and GLDAS database 
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Table 8. Final table of database evaluation indicators for water balance components 
Study Current Study Comprehensive water plan Water Resources Atlas 

Time period 
1983-2011 1967-2011 1967-2006 

Variable 

Precipitation Volume (mcm/yr) 11.09 9.55 10.01 

Actual Evapotranspiration Volume (mcm/yr) 7.26 5.94 5.37 

Time period 

Variable 2002-2011 1967-2011 1967-2006 

Ground water Change (mcm/yr) 0.06 0.00 -0.32 

 
Table 9. Comparing the results obtained from current study with water resources balance reports 

Monthly 

Database Component After bias correction Before bias correction 
NSE RMSE R2 NSE RMSE R2 

0.89 15.80 0.90 0.75 23.38 0.85 GLDAS 

Precipitation 
0.9 15.02 0.92 0.81 20.18 0.91 PERSIANN-CDR 

0.77 22.32 0.78 0.56 31.15 0.77 CHRIPS 
0.45 34.60 0.58 0.10 44.44 0.41 NCEP-NCAR 

0.79 9.96 0.81 0.34 17.70 0.38 GLDAS 
Actual evapotranspiration 

0.83 8.86 0.84 0.43 16.36 0.52 GLEAM 

Yearly 

GRACE Groundwater level changes NSE RMSE R2 

0.47 0.84 0.52 

 

5 .�� O� � �
  
1. The Precipitation Estimation from Remotely Sensed Information using Artificial Neural 

Networks-Climate Data Record 

2. Global Land Data Assimilation System 

3. Climate Hazards Center Infrared Precipitation with station data 

4. National Centers for Environmental Prediction / National Center for Atmospheric Research 

5. Global Land Evaporation Amsterdam Model 
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6. Gravity Recovery and Climate Experiment 

7. Terrestrial Water Storage 

9. Terrestrial Water Storage Change 
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