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LAYER DIGITAL RECURRENT NETWORK 

FOR FORECASTING OF LONG-TERM 

NATURAL GAS CONSUMPTION IN EU 

COUNTRIES 
 

Abstract: Various methods have been developed and used for 

prediction of natural gas consumption. Analysing natural gas 

demand involves specific statistical and methodological 

problems. The paper describes the training, testing and 

application of the Layered Digital Recurrent Network (LDRN) 

models for computing the natural gas (NG) consumption in 

the European Union (EU) countries. The dynamic back 

propagation learning algorithm and logistic sigmoid transfer 

function were used in the networks. To show the applicability 

and effectiveness of the LDRN approach, data were collected 

for 27 years (1985–2011) in the EU countries. The recurrent 

network model included Gross Domestic Product (GDP) and 

population as the input variables. The reported results 

conformed that the use of LDRN for NG prediction is 

acceptable. 
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1. INTRODUCTION  
 

The gas consumption behaviour analysis is 

an important for accurate policy making. NG 

consumption has risen remarkably in the last 

decade due to the increasing economic 

development and future estimation of NG is 

important for determining the future level of the 

supply/demand balance. 

Gas demand in Europe lost about 40 

Bilions cubic meters (Bcm) in one year alone or 

about 6% of total gas consumption. In recent 

years the focus of research projects is on the 

major changes that happened in the natural gas 

industry and evaluation that happened in the 

power sector. Several studies have built up 

scenarios to highlight the challenges and 

opportunities up to 2030. In order to compare 

statistics in different markets, the IEA 

(International Energy Agency) statistics 

collected from official bodies of member 

countries has been used by Honoré [1]. 

Various models have been applied to 

forecast the evolution of NG demand. 

Khotanzad et al. [2] focused on 

combination of multilayer feedforward neural 

network and a functional link artificial neural 

network (ANN) forecasters with application to 

the prediction of daily natural gas consumption 

needed by gas utilities. Gorucu et al. [3] 

included an approach to evaluate and forecast 

gas consumption by ANN modeling for short-

term applications. Siemek et al. [4] have 

described hypothetical model for estimation 

natural-gas demand, based on average trend of 

the economy development during recent 

decades; the model considers natural 

production/demand maxima of energy carriers. 

Yoo et al. [5] estimated households’ demand 

function for natural gas by using a sample 

selection model applying data from a survey of 

households in Seoul.  An adaptive network-

based fuzzy inference system-stochastic 

frontier analysis approach for long-term natural 

gas consumption prediction and analysis has 

been proposed by Azadeh et al. [6]. The 

proposed models are based on Gross Domestic 

Product (GDP) and population (POP) input 

variables. Azadeh et al. [7] presented an 

integrated adaptive-network-based fuzzy 

inference system (ANFIS)-fuzzy data 

envelopment analysis (FDEA) algorithm for 

improvement of long term gas consumption 

prediction and analysis. 

The present paper suggests a procedure for 
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application of computational intelligence 

techniques for prediction of long-term natural 

gas consumption. The paper describes 

application of the Layered Digital Recurrent 

Network models for computing the natural gas 

consumption in the EU countries (Sweden, 

Switzerland and Finland). 

 

 

2. LAYER DIGITAL RECURRENT 

NETWORKS  
 

In this paper two layered digital recurrent 

network (Figure 1) with sigmoid neurons in the 

hidden layer and linear neuron in the output 

layer is used for prediction of natural gas 

consumption. 

The layered digital recurrent network 

differs from two-layer percrptron network in 

that the first layer has a recurrent connection. 

The delay in this connection stores values from 

the previous time step, which can be used in the 

current time step. LDR network can 

approximate any function with a finite number 

of discontinuities to any degree of accuracy. 

In Figure 1, elements of layer i, such as its 

bias, net input, and output have a superscript i 

to denote that they are associated with the i-th 

layer; x  is an R length input vector; 

, 1,2iS i  is the number of neurons of the i-th 

layer; the weight matrix connected to the input 

vector x  is labeled as an input weight matrix 

(
1,1

UW ); 
1,1

NW  and 
2,1

NW  are matrices of 

weights of the connections between the  

recurrent and the hidden units, and between the 

hidden and the output units, respectively; 
1

b  

and  
2

b  are vectors of biases of hidden 

neurons and output units, 
1

z  and  
2

z  are 

vectors of outputs of hidden neurons and output 

units. 

The output  1 kz  at recurrent tansig layer 

can be calculated as:  

   1 1k z tansig n              (1) 

or: 

 1

12

2

1

k

e


 n
z             (2) 

where: 

bzNWUWxn
111,11,11 )1(  k

   (3) 

                                                      The output of 

the network is determined as: 

 

   2 2k z purelin n            (4) 

 

or: 

   2 2k k z n                  (5) 

 

where: 

 2 2,1 1 2k  n NW z b           (6)  

 

 

 
Figure 1 - Two layered digital recurrent network 

 

The output of the network is a function not 

only of the weights, biases, and network input, 

but also of the outputs of hidden neurons at 

previous points in time. In [8] versions of the 

backpropagation training are used to adapt 

weights and biases of the LDR network. 



 

9
th

 IQC June, 2015                               545 

4. SIMULATION RESULTS 
 

The proposed algorithm is applied for 

prediction of natural gas consumption in 

Sweden, Switzerland and Finland from 1985 to 

2011.  

Figure 2 and and Figure3 show the values 

of POP and the NG consumption during the 

aforementioned years. 

The proposed algorithm is applied to the 

data through the following steps: 

1. Determination of inputs of the model. 

2. Divide data into two subsets: training and 

test data. The 27 rows of data are divided 

into 22 training data (1985–2006) set and 

5 test data set (2007–2011). 

3. Develop the LDR network model for the 

training data set. 

4. Evaluation of the accuracy of the model. 

 

 

 
Figure 2 - The population in Sweden, Switzerland and Finland from 1985 to 2011 

 

 
Figure 3 - The natural gas consumption in Sweden, Switzerland and Finland 

 

In this paper, population and gross 

domestic product are selected as the input 

variables of the LDR network model. The LDR 

model used in this study is a two-layer network 

composed of hidden layer and an output layer. 

In the output layer and hidden layer linear and 

tangent sigmoid actication functions were used. 

The neural network with linear output neuron 

and single hidden layer of neurons with 

hyperbolic tangent activation function are 

universal function approximator. 

Several LDR networks were generated and 

tested. To evaluate the obtained results, we use 

the correlation coefficient (r) and the mean 

absolute error (MAE). The number of hidden 

neurons for has been considered between 3 and 

7. The optimal network size was the one which 

resulted in a maximum correlation coefficient 

for the training set, Table 1. 

 

Table 1.  The correlation coefficient for the 

training set for each country 

LDR-

structure 

2-3-1 2-5-1 2-7-1 

Sweden 0.955 0.993 0.994 

Switzerland 0.961 0.969 0.983 

Finland 0.968 0.975 0.986 
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According to the data structure, the values 

of the input variables from 2007 to 2011 are fed 

to the selected LDR network, and then the 

output values are obtained.   

The performance parameters of the LDR 

models for test sets are given in Table 2. 

 

Table 2. Performance parameters of the LDR 

models for test sets 

Model r MAE 

Sweden 0.893 0.1456 

Switzerland 0.889 0.1841 

Finland 0.911 0.1374 

 

 

 

5. CONCLUSION 

 
The aim of this paper is to develop and 

analyze computational intelligence model for 

prediction of long-term natural gas 

consumption. A two-layer recurrent neural 

network, with a sigmoid transfer function at the 

hidden layer and a linear transfer function at the 

output layer, was used. Modeling NG 

consumption involves methodological 

problems. The result of LDR network approach 

indicated that the proposed models are accurate 

for prediction natural gas demand in the 

considered EU countries. 
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