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Abstract— Timeseries forecasting is an important tool to 

implement innovative program for the integration of 

groundwater level forecasting. It is highly used methodology in 

discrete forecasting areas. Various researchers have been 

proposed miscellaneous ideas to model time series methodologies 

for groundwater forecasting. However, they are complex to 

understand well by new practitioners. So, a simple idea is 

proposed in this paper to find future orientation followed by the 

historical trend of the data. In order to attain the aim of the 

paper, following steps are manipulated. Firstly, data set is 

selected and divided into training set and testing set. Around 60 

% of the data set are training and remaining are used as testing 

set. Secondly, exponential regression function is proposed as a 

new time series forecasting methodology and Autoregressive 

Integrated Moving Average (ARIMA) with order (p,d,q) is used 

as an existing method. Thirdly, a statistical simulation is 

conducted to find curve fitting of the training set. Fourthly, 

individual forecasting is performed. Finally, a case study is 

carried out to find the precision of proposed method to existing 

forecast method using historical groundwater level data of 

Sancheon watershed of eastern South Korea. The result has 

revealed that the proposed exponential regression method is 

more suitable for groundwater level forecasting. 
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I. INTRODUCTION 

Groundwater is a major source of water which has more 
purity than other source of water. Due to its freshness and 
readily availability, the extraction of this resource is high for 
daily activities like drinking, irrigation and industrial 
purposes. Due to high extraction and climatic conditions, the 
level of water fluctuates all over the year. The level of water is 
significantly higher in rainy season but drops down gradually 
in dry season. In order to find the level of water, various 
researchers worked upon it. It is remarkably important to find 
the level of water in dry season for its sustainable use. 
Unsustainable water uses in various consequences and the 
management of the water are one of the serious global issues, 
especially in developing countries [1]. The extraction of water 
should be less than the recharge for its consistent use but 
despite of this, problem may arise if the extraction becomes 
more than recharge. So, for the feasible use of this prominent 

resource, a new timeseries methodology is proposed in this 
paper. This research mainly is focused in modeling 
groundwater level of eastern South Korea. The groundwater 
accounts for only 11.2% in Korea but the uses of this 
resources highly increase in the drought seasons [2]. In south 
Korea, the eastern part is more shallower and also more water 
is extracted from this area, therefore the groundwater level has 
more significant importance in this area [1]. 

The forecasting of the groundwater level can be classified 
into empirical time series models and physical descriptive 
model. The empirical time series models are highly used for 

water level forecasting [3] [4] [5]. Time series forecasting 

methods are proposed and implemented for an estimation of 
water table fluctuations of eastern South Korea. By examining 
the historical trend of the fluctuation, these methods can 
address the reduction or increment of the water level in a 
significant way. Autoregressive Integrated Moving Average 
(ARIMA) is a famous timeseries methodology whereas 
exponential regression is a newly proposed methodology. It is 
a new approach in groundwater level forecasting although it 
has been widely uses in the field of biology, chemistry, 
pharmacokinetics or microbiology [6]. 

This paper is composed in the following ways. Firstly, data 
set are selected and divided into training and testing set for 
further processing. Secondly, a statistical simulation is 
performed to find curve fitting of the training data set by using 
ARIMA (p,d,q) and proposed exponential regression function. 
Thirdly, curve fitting of each forecasting method is used for 
timeseries prediction. Finally, a case study is performed to find 
the accuracy of the proposed methodology. 

II. METHODOLOGY 

A. Autoregressive Integrated Moving Average 

(ARIMA)(p,d,q) 

Autoregressive Integrated Moving Average (ARIMA) is 
an integrated form of Autoregressive (AR) and Moving 
Avergae (MA). When an autoregressive moving average 
differenced with some lag then it is said to be ARIMA. This 
method was first coined by [7]. The univariate ARIMA with 
order (p,d,q) is used in this paper for time series forecasting. 
The Box & Jenkins methodology in order to build ARIMA 



International Journal of Conceptions on Computing and Information Technology 

Vol. 5, Issue. 1, July’ 2017; ISSN: 2345 - 9808 

13 

 

model is based on the following steps: (I) Model 
Identification, (II) Parameter estimation and (III) model 
validation. Where the order of ARIMA (p,d,q) is defined as, 

p = number of autoregressive lags 

d = number of difference lags 

q = number of moving average lags 

The general AR (p) model can be obtained as, 

 

𝑦𝑡 = α + ∅1𝑥𝑡−1 + ∅2𝑥𝑡−2 + ⋯ + ∅𝑝𝑥𝑡−𝑝 + 𝜀𝑡   (1) 

 

Where, 𝑥𝑡  is regressed is on 𝑥𝑡−1 ,𝑥𝑡−2 ,… , 𝑥𝑡−𝑝  of the 

same time series and ∅1 ,∅2 ,… , ∅𝑝  are the unknown p 

parameters. If, ACF (autocorrelation function) cut off after lag 
n, the lag at which the PACF cut off is the indicated number of 
AR terms. 

The moving average equation is given in the following 
equation 

𝑦𝑡 = μ − 𝜃1𝑒𝑡−1 − 𝜃2𝑒𝑡−2−,… , −𝜃𝑞𝑒𝑡−𝑞 + 𝜀𝑡  

 (2) 

The above equation is the moving average process of order 

q. Where, −𝜃1,−𝜃2,… , −𝜃𝑞  are a finite set of weights and 

the minus signs are introduced by convention [8]. 

The general ARIMA (p,d,q) model is, 

 

𝑦 =  𝜇 + ∅1𝑦𝑡−1 + ⋯ + ∅𝑝𝑦𝑡−𝑝 − 𝜃1𝑒𝑡−1 − ⋯− 𝜃𝑞𝑒𝑡−𝑞  

 (3) 

 

where, 𝑦𝑡  and 𝜀𝑡  are the actual value and random error at time 

period t, respectively; ∅𝑖(𝑖 = 1,2, … . . , 𝑝)  and 𝜃𝑗 (𝑗 =

0,1,2, … . . , 𝑞) are model parameters. p and q are integers and 

often referred to as orders of the model. Random errors, 𝜀𝑡  are 

assumed to be independently and identically distributed with a 

mean of zero and a constant variance of σ
2
  [9]. Here, p = 1 

and 3 are used with integrated term d=1 along with q = 1, and 

4 terms. 

B. Exponential Regression- A new timeseries forecasting 

approach 

Exponential regression function is a newly proposed 

regression method by using statistical simulation for 

timeseries forecasting. It has tendency to define exponential 

growth or decay for future prediction. The curve fitting of the 

training set is analyzed for forecasting. The groundwater level 

of eastern South Korea is modelled by using exponential 

regression with first order. The model is given in the following 

equation. 

 

𝑦𝑡 = 𝜃0 exp 𝜃1𝑥𝑡 + 𝜀𝑡    (4) 

where 𝜀𝑡  are independent normal with constant variance [10]. 
The initial values of 𝜃0 𝑎𝑛𝑑 𝜃1 are calculated by linearize the 

response function by taking natural logarithm.  

 

log(𝜃0 exp 𝜃1𝑋𝑖 = log 𝜃0 + 𝜃1𝑋𝑖   (5) 
 

Thus, a simple linear regression model can be fit with 
response, log(Y), and predictor, X, and the intercept can give 
an estimate of log 𝜃0  while the slope can give an estimation 
of  𝜃1. In this paper MATLAB R2014a software is used for 
training the data set and estimation of 𝜃0 𝑎𝑛𝑑 𝜃1. 

The overview of the proposed methodology is given in the 
Figure 1. As shown in figure, the data are first fitted by using 
ARIMA (p,d,q) model and exponential regression model. The 
fitted curves are used for forecasting future trend of the 
timeseries data. The errors of the simulated methods are 
compare by using two comparative criteria i.e. Root Mean 
Square Error (RMSE) and Coefficient of Determination (𝑅2). 

 

 
Figure 1: Schematic diagram of proposed methodology 

C. Comparative goodness of fit criteria 

1) Root Mean Square Error (RMSE) 

Root Mean Square Error (RMSE) also called Root Mean 

Square Deviation is a comparative criterion widely use in the 

area of forecasting. It measures the differences between 

predicted and real values that is being modelled. The 
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computational form of RMSE for the dataset can be defined 

as: 

𝑅𝑀𝑆𝐸 =   
1

𝑛
 (𝑦𝑖 − 𝑦𝑖)

2𝑛
𝑖=1    (6) 

 

where, 𝑦𝑖 (𝑖 = 1,2, … , 𝑛)  is the predicted values and 𝑦𝑖(𝑖 =
1,2, … , 𝑛) represents the real values. 

 

2) Coefficient of determination (𝑅2) 

Coefficient of determination is another widely used 

comparative criteria in forecasting. It can be defined as the 

proportion of the variance in the dependent variable that is 

predictable from the independent variable. It is the correlation 

(r) between predicted and the actual values and it ranges from 

0 to 1. The forecasting with 𝑅2 equal to 1 is strong prediction 

and with 0 means there is no any relation between predicted 

and actual value. The calculation of this criterion is; 

 

𝑅2 = 1 −  
 (𝑦𝑖−𝑦𝑖 )2𝑛
𝑖=1

 (𝑦𝑖−𝑦 )2𝑛
𝑖=1

    (7) 

 
where, 𝑦𝑖  is the ith observed value, 𝑦 𝑖  is the ith predicted 

value and 𝑦  is the mean of the observed value. 

III. CASE STUDY 

A. Case study area 

A case study is conducted for Sancheon water shed of 

eastern South Korea. It is located in the northeast part of 

Soraksan National Park with the area of 6500 𝑘𝑚2 [11] [12]. 

This area is more steeper and groundwater is hugely extracted. 

Due to excessive pumping, the groundwater level reduces 

dramatically especially in dry season. 

B. Selection of data 

 
(a) 

The data set used in this case study is from December 4, 
2003 to December 3, 2004. There is always huge variation of 
groundwater level within different seasons of a year and the 
variation is due to diverse reasons but not limited to 
precipitation, temperature, pressure, humidity and pumping. 
The level of water is high in rainy and summer season but the 

water level drops down in winter season because of low 
rainfall and high amount of extraction. So, the data set from 
January to June has selected among nine periods of Choi et al. 
[13]. There are three significant periods within this time frame 
and have dramatic reduction of water level. The data set for 
these three periods are given in Figure 2. 

 
(b) 

 

 
(c) 

 
Figure 2: (a) data set from Jan 15 to Feb 21 as period I, (b) dataset 

from Feb 22 to Apr 25 as period II, and (c) dataset from Apr 26 to 

Jun 18 as period III 

C. Simulation of data set 

The data set are simulated in order to find curve fitting of 

the training to model a timeseries forecasting for groundwater 

level. Around 60% of the data are used as training data and 

remaining 30% are used as testing data. The simulated curve 

fittings of the data set are given in the Figure 3, 4, and 5. The 

order (p,d,q) of the ARIMA model as used in the experiment 

is the most precise order which is determined after series of 

experiments.  ARIMA(1,1,1) is used in period I, 

ARIMA(1,1,4) is used in period II and ARIMA(3,1,1) is used 

in period III. All of these above-mentioned orders are the best 
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order of ARIMA for the respective periods. And exponential 

regression with first order is used in all periods. 

 

 
Figure 3: Curve fitting simulation using ARIMA (1,1,1) and 

Exponential regression in period I 

 

 
Figure 4: Curve fitting simulation using ARIMA (1,1,4) and 

Exponential regression in period II 

 
Figure 5: Curve fitting simulation using ARIMA (3,1,1) and 

Exponential regression in period III 

 
Figure 6: Final result using ARIMA(1,1,1) and exponential 

regression in period I 
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The curve fitting of the groundwater level can help to 
predict future level of water. Actually, the final level of water 
in each period is more important than the initial level. It is 
because the determination of water level is very crucial when 
water drops down dramatically. Moreover, for optimal 
pumping of the fresh water in a consistent ration, the final 
level of water is more valuable. The water level in the testing 
area in each period is reducing with a high variation. The main 
motivation of this paper is to find the optimum level of 
groundwater level when the water level plunged highly. So, 
ARIMA (1,1,1), ARIMA (1,1,4) and ARIMA (3,1,1) are used 
in period I, II and III respectively with exponential regression 
function. The curve fitting of the exponential regression seems 
weaker than the ARIMA (p,d,q) but the final estimation is far 
better than ARIMA forecast. It is because it has capacity to 
model steep declination of the data set. So, exponential 
regression function is a better timeseries method to forecast 
water table depth in dry season. The final result of the 
groundwater level using ARIMA and exponential regression is 
given in Figure 6,7 and 8. 

 
Figure 7: Final result using ARIMA(1,1,4) and exponential 

regression in period II 

 

 
Figure 8: Final result using ARIMA(3,1,1) and exponential 

regression in period III 

The comparative study of the above obtained results is given in 

Table 1. By comparing two widely used criteria, it is concluded that 

exponential regression is a better alternative that can be used to 

model groundwater level in an optimal way. It can be used more 

significantly when fluctuation of groundwater is high. 

Table 1: Comparative goodness of fit table for final result 

 

The final comparison has revealed that exponential 
regression function is a good approach with high possibility to 
model groundwater level in a significant way. It can help to 
forecast water table depth in an optimum way. The value of 
𝑅2 is more than 85% and RMSE is less than 0.05 whereas 
ARIMA has significantly less 𝑅2  and higher RMSE than 

exponential regression in each period. So, the sustainable water 
management program can be implemented by using 
exponential regression function. ARIMA is known as one of 
the renowned timeseries forecasting method, however the 
precise result of exponential regression than the ARIMA has 
shown better possibility of the proposed method in future. 

 Period I Period II Period III 

Methodology RMSE 𝑅2 RMSE 𝑅2 RMSE 𝑅2 

ARIMA 0.060 0.95 0.065 0.80 0.067 0.86 

Exponential 0.031 0.96 0.059 0.87 0.033 0.98 



International Journal of Conceptions on Computing and Information Technology 

Vol. 5, Issue. 1, July’ 2017; ISSN: 2345 - 9808 

17 

 

IV. CONCLUSION 

Exponential regression function has used in this paper as a 
new timeseries method for groundwater level forecasting. The 
historical data are used for modeling and forecasting 
groundwater level of eastern South Korea. There is high 
fluctuation of water level throughout the year and has huge 
reduction especially in dry season. The proposed methodology 
is hoped to be a more convenient method for timeseries 
forecasting. The comparison of the proposed methodology 
with the existing renowned timeseries method has revealed 
that the proposed method is more significant than the existing 
methodologies in groundwater level forecasting. The obtained 
results are more precise for proposed method after the 
statistical simulation. In all periods, exponential regression has 
shown superior result than ARIMA (p,d,q). 

For further study, a multivariate ARIMA method can be 
applied by combined with exponential regression function. 
Another method could be an Artificial Neural Network (ANN) 
by analyzing various factors e.g. precipitation, temperature, 
pumping rate etc. that might affect the groundwater level. 
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