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Influence of Teleconnection Patterns on
Prediction of Groundwater Level Fluctuations

(Case Study: Garmsar Plain)
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Abstract

External source of weather signals is also called
teleconnections that can change weather conditions and thus
affect groundwater resources. The purpose of this study is to
predict the effect of teleconnection patterns on groundwater
level fluctuations in Garmsar plain. Data of observation wells,
climatic parameters of the study area, as well as 16
teleconnection indices from 1993 to 2016 were used for this
study. Gamma test was used to analyze inputs sensitivity and
so determine the optimal combination of inputs. Modeling was
performed with multiple regression as well as multilayer
perceptron artificial neural network (MLP) with two
algorithms of Levenberg-Marquardt and Bayesian. Sensitivity
analysis results of model inputs with gamma test showed that
among the climate parameters of the region, maximum
temperature of Firoozkooh station and also teleconnection
indices of SOI, EA, NP and WP had the most influence among
the selected inputs. Also, the best model is the neural network
method with Bayesian learning algorithm, that in the model
testing stage in Sardareh well, the MSE and the R? were 0.37
and 0.9 respectively. In well 26, these values were 0.06 and
0.74, respectively. Also, results indicated that the use of
teleconnections indices to predict groundwater level
fluctuations can have effective role in error rate reduction.
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Fig. 1- Location of the study area and selected stations
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Table 1- Characteristics of selected observation stations and wells
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No. Station name Latitude Longitude Elevation Description
1 Sardarreh 35.24 36.52 845/75 Observation well
2 road km 26 35.26 52.64 826.59 Observation well
Semnan
3 Garmsar 35.12 52.16 825 Synoptic
4 Dehnamak 35.15 52.43 800 Evaporation gage
5 Bonkouh 35.18 52.25 1040 Hydrometry
6 Tange rameh 35.20 52.43 2050 Hydrometry
7 Firuzkouh 35.91 52.83 1975 Synoptic

Table 2- The studied teleconnection indices
axlllao 390 493 3l Wgw L HAAWI Y Jouo

Index Sign Index Sign
North Atlantic Index (NAO) Eurasian Polar Pattern (POL) \, (P/E)
North Pacific Index (PNA) Transitional Nino Index (TNI)
North Oscillation Index (NOI) ENSO Multivariate Index (MEI)
Western Pacific Index (WP) Eastern Atlas Pattern (EA)
Decadal fluctuations of Pacific ocean (PDO) Tropical pattern of the North Atlantic (TNA)
North Pacific pattern (NP) Pattern of North Atlantic Fluctuations (NAO Jones)
East/West Atlantic pattern of Russian (EA/WR) Decadal fluctuations of Pacific ocean (AMO)
Tropical pattern of the South Atlantic (TSA) Atlantic dipole index (TAD)
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Table 3- Results of the Gamma test for determination of effective input compounds for Sardarreh and
Kilometer 26 Wells
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Combination number

omitted variable of the Combination

Gamma amount

Sardarreh well Well No. 26

1 - 0.104 0.0386
2 baransanjibonekoh 0.07 0.0297
3 baransanjigarmsar 0.095 0.033

4 hydrometribonekoh 0.14 0.0329
5 hydrometritangerameh 0.124 0.0431
6 TMAXfir 0.135 0.0464
7 TMinfir 0.033 0.0392
8 Tmeandehnamak 0.0684 0.0167
9 Tmaxdehnamak 0.1184 0.0261
10 Tmindehnamak 0.076 0.0196
11 ETdehnamak 0.104 0.032

12 NAO 0.088 0.0248
13 PDO 0.096 0.0149
14 TNI 0.118 0.0294
15 NOI 0.099 0.0386
16 SOl 0.129 0.027

17 MEI 0.12 0.0437
18 EA/WR 0.0687 0.0167
19 NAO (Jones) 0.099 0.0386
20 POL 0.088 0.0248
21 TAD 0.096 0.0149
22 PNA 0.118 0.0294
23 EA 0.129 0.027

24 WP 0.12 0.0437
25 NP 0.1184 0.0261
26 AMO 0.076 0.0196
27 TNA 0.104 0.032
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Table 4- Error rate and coefficient of determination of selected models from the top parameters in well 26
Y ol 43 5 sl ol 31 Jeols Lsitte S e (et > 9 Wb (im0 —F Jgan

Input variables model method stage R? RMSE
Cllm_atlc and Multlvaflate Enter training 047 35
hydrometric parameters regression
test 0.35 3.9
The Levenberg- -
neural network Marquardt algorithm training 0.74 0.042
validation 0.25 0.171
test 0.30 0.106
Bayesian regulation training 0.54 0.078
algorithm
validation 0.47 0.082
test 0.39 0.095
teleconnection Multlvar_late Enter training 0.5 3.8
regression
test 0.4 4.2
The Levenberg- -
neural network Marquardt algorithm training 0.97 0.014
validation 0.89 0.061
test 0.75 0.141
Bayesian regulation -
algorithm training 0.99 0.005
validation 0.56 0.079
test 0.69 0.201
Hybrid Multlvar_late Enter training 0.58 3.4
regression
test 0.53 3.3
The Levenberg- -
neural network Marquardt algorithm training 0.80 0.038
validation 0.72 0.082
test 0.69 0.074
Bayesian regulation training 0.98 0.003
algorithm
validation 0.88 0.06
test 0.69 0.059
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Table 5- Error rate and coefficient of determination of selected models from top parameters in well
Sardarreh
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Input variables Model Method Stage R? RMSE
Climatic and hydrometric Multlvalflate Enter Training 084 6
parameters regression
test 0.7 6.2
neural network The L b
e Levenberg- -
Marquardt algorithm training 0.72 0.95
validation 0.33 251
test 0.21 3.132
Bayesian r_egulatlon training 0.77 0.661
algorithm
validation 0.75 1.238
o test 0.55 2.1
teleconnection Multlva(late Enter training 0.31 6.6
regression
test 0.3 6.8
neural network The L, i
e Levenberg- -
Marquardt algorithm training 0.90 0.429
validation 0.77 1.238
test 0.79 0.929
Bayesian regulation training 0.88 0.338
algorithm
validation 0.74 0.779
test 0.75 0.82
hybrid Multlvarlate Enter training 0.89 6
regression
test 0.75 6.3
neural network The L b
e Levenberg- .
Marquardt algorithm training 0.91 0.285
validation 0.77 0.633
test 0.66 1.072
Bayesian regulation .o 0.96 0.105
algorithm
validation 0.81 0.633
test 0.90 0.368
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Fig. 4- Estimated and observed ground water level in 26 (a) and Sardareh Well (b) using multiple regression
in the training and test stages
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10- Decadal fluctuations of Pacific Ocean (PDO)

11- North Pacific pattern (NP)

12- East/West Atlantic Pattern of Russian (EA/WR)
13- Tropical Pattern of the South Atlantic (TSA)

14- Eurasian Polar Pattern (PE)

15- Transitional Nino Index (TNI)

16- Eastern Atlas Pattern (EA)

17- Tropical Pattern of the North Atlantic (TNA)

18- Pattern of North Atlantic Fluctuations (NAO Jones)
19- Decadal fluctuations of Pacific Ocean (AMO)

20- Atlantic Dipole Index (TAD)

21- Gamma Test

22- Multiple Regression

23- Multilayer Perceptron of Atrtificial
Networks

24- Enter Method

25- Levenberg-Marquardt Algorithm

26- Bayesian Regulation Algorithm

27- Root Mean Square Error (RMSE)

28- Coefficient of Determination

Intelligent
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1- EI Nino

2- El Nino-Sothern Oscillation (ENSO)
3- North Atlantic Oscillation (NAO)

4- Mediterranean Oscillation Index (MOI)
5- ENSO Multivariate Index (EMI)

6- Arctic Oscillation (AO)

7- North Pacific Index (PNA)

8- North Oscillation Index (NOI)

9- Western Pacific Index (WP)
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Fig. 5- Estimated and observed ground water level in Well 26 using two algorithms of Bayesian Regulation
(a) and Levenberg-Marquardt (b) in the training, validation and test stages
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Fig. 6- Estimated and observed ground water level in Sardareh Well using two algorithms of Bayesian
Regulation (a) and Levenberg-Marquardt(b) in the training, validation and test stages
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