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Figure 1. (A) The Location of plain in Qazvin province. (B) The position of stations and piezometric wells.
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Table 1. Geographical location of the studied stations and wells 

X>G��Z'%��B���G���5 X>G��Z'%��B���G�F3- ��"�W%��2�# ��"�W%��g3#
Lat (deg) Lon (deg) Name of station Type of station

35.87 49.54 XRahimabadZ��
��H���  Hydrometry���/
����
35.87 49.54 XDanesfehanZ�� �W#��  Pluviometry'AW#���

35.82 49.75 XDanesfehanZ�� �W#��  Evaporimeter'A)����	,!
35.80 49.73 XDanesfehan1Za%��� �W#�� ���/
�����������\

Piezometric wells35.87 49.84 XTarzakZ����-
35.91 49.85 XKheirabadZ���
�����
35.75 49.83 XChasekinZ�I����\
35.77 49.83 XTamirabadZ����
����:(!
35.80 49.92 XEbrahimabadZ��
��H����
�
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Table 2. Cross Correlation Function of GRI values with climate signals and meteorological parameters.

':�4U��F�)"���
�'��)&�3����/����
climate signals and meteorological parameters

�3�1�B
Factor

M�W#������(!��	,!
X��/�'4�/Z

'+�#��

X��/�'4�/Z

'
�
��
�v(�/��/Z

X>�#��

���/���Y1���
{4Q/

�>G��Z
X���+�'�#��

���/��MU���
{4Q/

�>G��Z
X���+�'�#��

�/��I�"#��/
�>G��Z

X���+�'�#��

�/���Y1���
�>G��Z

X���+�'�#��

�/��MU���
�>G��Z

X���+�'�#��

 Evapotranspiration
(mm)

Precipitation
(mm)

Discharge
(m3/s)

 Abs Max
 Temperature

(oC)

 Abs Min
 Temperature

(oC)

 Mean
Temperature

 (oC)

 Max
Temperature

 (oC)

Min
Temperature

 (oC)

0.26 -0.11 - 0.24 0.29 0.28 0.28 0.28 CCF

5 6 - 5 5 5 5 5
Lag

0.05> 0.05> NS 0.05> 0.05> 0.05> 0.05> 0.05> P-Value

PDO SOI AMM AMO MEI

-0.19 0.25 -0.12 - -0.23
CCF

3 1 5 - 1
Lag

0.05> 0.05> 0.05> NS 0.05>
P-Value

.����#��3G
������')(/�'"�W,:��NS

PGRIW�4���	���h3�b 4��F'#N�#
��
��O���#/���#49���z# ��� U\B?N
Figure 2. The relation of climate signals and Groundwater Resources Index(GRI).
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Table 3. The results of GRI3’s Gamma Test in three structures.
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First structure
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Third  structure

�3:��%�b&( �(�"���7�( �3:��%�b&( �(�"���7�( �3:��%�b&( �(�"���7�(

 Number of
combination

Mask Variable
 Gamma

Value
Mask Variable Gamma Value Mask Variable

 Gamma
Value

1 _ 0.001605 _ 0.002982 _

2 PDO(t-3) 0.002442 GRI(t-12) 0.003122 Evapotranspiration (t-5) 0.000432

3 SOI(t-1) 0.001388 GRI(t-11) 0.003155 Precipitation (t-6) 0.001658

4 AMM(t-5) 0.00301 GRI(t-10) 0.002674 Abs_Max_Temp (t-5) 0.00071

5 MEI(t-1) 0.001658 GRI(t-6) 0.003457 Abs_Min_Temp (t-5) 0.001039

6 GRI(t-12) 0.002202 GRI(t-5) 0.003049 Mean_Temp (t-5) 0.000702

7 GRI(t-11) 0.00154 GRI(t-4) 0.003473 Max_Temp (t-5) 0.000726

8 GRI(t-10) 0.001741 GRI(t-3) 0.003 Min_Temp (t-5) 0.000746

9 GRI(t-6) 0.002168 GRI(t-2) 0.00291 GRI(t-12) 0.000655

10 GRI(t-5) 0.001464 GRI(t-1) 0.003965 GRI(t-11) 0.000847

11 GRI(t-4) 0.001664 GRI(t-10) 0.000824

12 GRI(t-3) 0.00171 GRI(t-6) 0.00114

13 GRI(t-2) 0.002076 GRI(t-5) 0.001266

14 GRI(t-1) 0.002177 GRI(t-4) 0.001089

15 GRI(t-3) 0.001228

16 GRI(t-2) 0.000228

17 GRI(t-1) 0.002569
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Table 4. Final results of optimum combination inputs.
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Table 7. Parameteres and evaluation measures of selected model for GRI.

Model Parameters Coef SE Coef T ratio P value AIC SBC
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R
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A

(1,1,3)(2,0,1)

1�
0.7808 1.5788 0.49 0.621

14.60057

-2085.15

§1
1.1482 0.0704 16.31 0

§2 -0.1392 0.071 -1.96 0.051

¨1 0.8462 1.5744 0.54 0.591

¨2 -0.2738 0.1213 -2.26 0.025

¨3 0.1788 0.3316 0.54 0.59

©1 0.8913 0.0405 22.02 0
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Model
 Optimum
structure

�W!N03/��W!N03/��W!N03/�

TestTrainTestTrainTestTrain

�F
��������
>�,&

 First
ANN St.

10-14-10.070.020.090.040.860.91

�2
��������
>�,&

 Second
ANN St.

7-18-10.060.020.080.030.840.92

�23��������
>�,&

 Third
ANN St.

14-10-10.050.020.060.030.900.94

'#�/0����ARIMA(1,1,3)(2,0,1)0.080.050.080.050.850.90

',�1�!ANN-
ARIMA

ANN-ARIMA0.040.040.050.030.940.91
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