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CHAPTER-V 

APPLICATION OF ARTIFICIAL 

NEURAL NETWORK TECHNIQUE 

The present chapter will investigate the suitability of using the ANN modelling 

techniques in forecasting and model building exercises involving two very important 

and interesting economic time series viz., the annual gas consumption and the annual 

electricity consumption data for Bangladesh. Section 5.1 briefly introduces the ANN 

model. In section 5.2 the criteria used for the selection of ANN type of models are 

discussed. Results obtained for gas consumption are discussed in section 5.3. and those 

for electricity consumption in section 5.4. Section 5.5 deals with the preference of 

variables (transformed or log-transformed). Finally a summary of the findings of this 

chapter is presented in section 5.6. The numerical results obtained in different steps are 

reported in the appendix in last part of the chapter. 

5.1. INTRODUCTION 

Artificial neural networks (ANN) are an emerging field with diverse applications in 

many practical areas. The ANN architecture is well suited for parallel processing, 

which is the most significant property of the human brain and it is expected that if this 

property can be instilled into an artificial computing system then it may be possible to 

build brain like systems capable of processing fuzzy and ill structured data and provide 

a powerful solutions to many long-standing mathematical problems. 
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A very challenging problem of statistics is the problem of time series modelling and 

forecasting, which is still a very open field with no clear-cut and well defined solution 

which may be called as standard. Many solutions ranging from the highly mathematical 

and technical to the most ad-hoc and naive techniques have been developed so far, but, 

all of these have their benefits as well as their under-sides. However, in many of the 

critical applications , the theory often fails miserably to catch the nuances of the data. 

But, it is once again a common experience that an experienced human brain sometim.es 

makes pretty accurate predictions about human and natural systems based on its 

diverse e{(periences (past data) about the system in question. This· is often the sole 

result of the highly non-linear and parallel architecture of the human br?-in. This fact 

has led to a good amount of research in the past by leading statisticians as well as 

subject matter specialists in many fields to look into the possibilities of the ANN 

models in the realm of many forecasting related problems. Many successful ANN 

forecasting models have so far been constructed in the tinancial and related fields. 

There are a considerable number of researches conducted by cognitive scientists using 

neural networks towards forecasting related problems. Tam and Kiang ( 1991) used 

neural networks to predict bank failures and found the results to be superior to that of 

discriminate analysis techniques. Salchenberger et a/. ( 1992) predicted thrift failures 

with neural networks and achieved better results than that of logit models. Dutta and 

Shekhar (1989) illustrated that neural networks outperform regression analysis in 

predicting the bond ratings. Other researchers have also used neural networks to 
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predict stock price performance (Y oon el a/. 1993 ), software reliability (Karunanithi et 

a!. 1992), power system load (Lu e/ a/. 1993 ), academic success of graduate students 

(Hardgrave et a!. 1994) and have generally found the results better than those of the 

traditional techniques. Shard a ( 1994) presented a survey of literature on applications of 

neural networks and noted that neural network models performed better than 

traditional techniques 71% of the time (30 out of 40 studies). Most of the research 

concerning neural networks for economic forecasting purposes has been in the area of 

time series forecasting. The use of neural networks has been frequently compared to 

the use of traditional time-series forecasting techniques ( e.g. Box-Jenkins) and has 

been applied in a variety of situations (see, for example, Chakrabarty et a/. 1992, 

Foster et a/. 1992, Huntley 1991, Shard a and Patel 1990, Tang et a/. 1991, Chan and 

Chen 1992). 

The purpose of this study is to evaluate the use of neural networks to develop 

forecasting models for predicting the annual gas and electricity consumption in 

Bangladesh. Thus the predictive performances of the selected/developed models will 

be compared with those of two traditional forecasting models, viz., the growth model 

and the ARIMA model. The comparison will show that the ANN models do no~ lag 

behind the other models in modelling and forecasting accuracy. While judging the 

performance of ANN model, we have deliberately restrained ANN model in many 

directions to make the comparison meaningful. The main restrain being the number of 

predictors used. Because the other more conventional methodologies do not work 
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right with such explosions of input variables. Note that the ANN model is capable of 

handling a large amount of both crisp as well as fuzzy input data to arrive at the 

predictions. Thus to maintain comparability of the methodologies it is required to 

consider the same input for the ANN model as done for other models. This constraint 

notwithstanding, the ANN methods have done quite well by producing heartening 

results in both the case studies conducted in this study. 

5.1.1. The Artificial Neural Network model in brief 

A brief description of an ANN model is now provided. There are a large number 

variants of the basic ANN architecture, and even a brief outline of all the major models 

will become too voluminous to handle inside the scope of the present thesis. Thus we 

shall restrict ourselves to the bare minimum and shall touch upon only those models 

which have been directly employed in this study. A more or less authoritative 

description may be found in Wasserman (1989) and Kosko ( 1994). 

The network architecture that have been used, in building the forecasting models, is 

known as the Feed Forward Back Propagation ANN. This type of ANN model is a 

very popular model in neural networks. It does not have feedback cormections, but 

errors are back propagated during training. Generally least mean square error (MSE) is 

used. Although in this study, least mean absolute percent error (MAPE) is also used. 

Many applications can be formulated for using a feed forward back propagation 

networks, and the methodology has been a model for most multilayer neural networks. 
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Errors in the output determine measures of hidden layer output errors, which are used 

as a basis for adjustment of connection weights between the input and hidden layers. 

Adjusting the two sets of weights between the pairs of layers and recalculating the 

outputs is an iterative process that is carried on until the errors fall below a tolerance 

level. Learning rate parameters scale the adjustments to weights. A momentum 

parameter can also be used in scaling the adjustments from a previous iteration and 

adding to the adjustments to the current iteration. The ANN architecture with 

reference only to this particularly important variant of the general ANN architecture 

will be discussed here. 

A Feed Forward Back propagation ANN constitutes the following: 

Layers in a neural network 

A neural network has its neurons divided into subgroups, or fields, and elements in 

each subgroup are placed in a row, or a column. Each subgroup is then referred to as a 

layer of neurons in the network. A great many models of neural networks have two 

layers, quite a few have one layer, and some have three or more layers. A number of 

additional, so-called hidden layers are possible in some networks, such as the 

feedforward back propagation network. When the network has a single layer, the input 

signals are received at that layer, processing is done by its neurons, and output is 

generated at that layer. When more than one layer is present, the first field is for the 

neurons that supply the input signals for the neurons in the next layer. 
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Every network has a layer of input neurons, but in most of the networks, the sole 

purpose of these neurons is to feed the input to the next layer of neurons. However, 

there are feedback connections, or recurrent connections in some networks, so that the 

neurons in the input layer may also do some processing. If any layer is present between 

the input and the output layers, it is refereed as hidden layer, in general. 

Mapping 

The feed forward back propagation network maps the input vectors to output vectors. 

Pairs of input and output vectors are chosen to train the network first. Once training is 

completed, the weights are set and the network can be used to find outputs for new 

inputs. The dimension of the input vector determines the number of neurons in the 

input 'layer, and· the number of neurons in the output layer is detennined by the 

dimension ~f the outputs. If there are k neurons in the input layer and m neur<;ms in the 

output layer, then this network can make a mapping from k-dimensional space to an m

dimensional space. Obviously, mapping is mainly dependent on the pair of patterns or 

vectors used as exetnplars to train the network,· which determine the network weights. 

Once trained, the network gives the image of a new input vector under this mapping. 

Knowing what mapping a researcher wants the feed forward back propagation 

network to be trained for implies the dimension of the input space and the output 

space, so that he can determine the numbers of neurons to have in the input and output 

layers. 
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Layout 

The architecture of a feed forward back propagation network is as in figure 5.1. The 

figure illustrates the network with only one hidden layer, but there can be many hidden 

layers in a network. Although the number of neurons in the input layer and that in the 

output layer are determined by the dimensions of the input and output patterns 

respectively, it is not easy to determine how many neurons are needed for the hidden 

layer. In order to avoid cluttering the figure, the figure is shown with three input 

neurons, two neurons in the hidden layer and three output neurons, with a few 

representative connections. 

The network has three fields of neurons: one for input neurons, one for hidden 

processmg elements and one for output neurons. As already mentioned earlier, 

connections are for feed forward activity. There are connections from every neuron in 

input layer to every one in hidden layer, and, in turn, from every neuron in hidden layer 

to every one in output layer. 

Thus there are two sets of weights, those figuring in the activations of hidden layer 

neurons, and those help determine the output neuron activations. In training all of 

these weights are adjusted by considering what is called a cost .function in terms of the 

error in the computed output pattern and the desired output pattern. 
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OUTPUT LAYER 

HIDDEN LAYER 

INPUT LAYER 

Figure 5.1. Layout of a feed forward backpropagation neural network 

Training 

The feed forward back propagation network undergoes supervised training, with a 

finite number of pattern pairs consisting of an input pattern and a desired target output 

pattern. An input pattern is prese.nted at the input layer. The neurons here pass the 

pattern activations to the next layer neurons, which are in hidden layer. The output of 

the hidden layer neurons are obtained by using perhaps a bias, and also a threshold 

function with the activations determined by the weights and the inputs. These hidden 

layer outputs become output neurons, which process the inputs using an optional bias 

and a threshold function. The final output of the network is determined by the 

activations from the output layer. 

The computed pattern and the input pattern are compared, a function of this error for 
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each component of the pattern is determined, and adjustment to weights of 

connections between the hidden layer and the output layer is computed. A similar 

computation, still based on the error in the output, is made for the connection weights 

·between the input and hidden layers. Tl1e procedure is repeated with each pattern pair 

assigned for training the network. Each pass through all the training patterns is called a 

cycle or an epoch. The process is then repeated as many cycles as needed until the 

error is within a prescribed tolerance. 

Mathematical formulation 

Artificial neural networks are highly non-linear functional forms motivated from the 

human neural architecture. In these networks one has a few fields of neurons, where 

each neuron is represented by a sigmoid function· known as signal function in the neural 

literature. Popularly the logistic function given by 

<f>(x) = 1/{ I + exp(-x)} .......................... (5.1) 

is·used as the sigmoid function. It is to be noted here that this logistic signal function 

considers only the fraction values of inputs. The neurons work as univariate functions, 

transforming the input, x, using their signal functions and then sending the transformed 

input as an output, <f>(x). These neurons are interconnected with each other, i.e. the 

outputs of each of the neurons are fed as inputs to other connected neurons after 

multiplication by a certain constant what is known as a synaptic weight in the neural 

literature. The effective input to a particular neuron is the sumtotal of all the outputs 

from the feeder neurons multiplied by synaptic weights. 
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The variant of the general network that is considered in this study is generally known 

as the two layer feed forward back propagation network. In this type of network we 

actually have three layers or fields of neurons, viz., the input layer, the hidden layer and 

the output layer. However, since the input layer neurons do not transform the data but 

works as mere feeders to the second layer ( the hidden layer) neurons, it is sometimes 

termed as a 2-layer network. The inputs are applied to the input layer neuron(s) and 

the network outputs are obtained at the output layer. The main objective is to minimise 

the sum of squared error at the output. In this study mean absolute percent error is also 

minimised. As mentioned earlier, error being the difference between the actual 

network output and the target output. In this study inputs are the years and the target 

outputs are the energy{gas or electricity) consumption in Bangladesh. 

The architecture of the feed forward network is so that the neurons of the same field or 

layer are not connected to each other, but, are connected to all the neurons of the next 

layer, i.e, each neuron in the input layer is connected to all the neurons in the hidden 

layer and each neuron in the hidden layer is then connected to all the output layer 

neurons. The flow of information is only in one direction, viz., input to hidden to 

output layer, hence the name feed forward neural network. The mathematical 

expression ofthe above discussion can be provided by the following model 

AC, = <f>{.yo ~ LYi <f> (Poi+ Put)} ......................... (5.2) 

where, AC1 is the annual energy consumption in Bangladesh for the period t, 

i is the number of hidden layer neurons used, where i varies from 1 to N 
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Yo and Poi are the synaptic weights for the bias neuroids corresponding to the 

output neuron and the ith hidden layer neuron respectively , 

y; is the synaptic weight corresponding to the connection between the ith 

hidden layer neuron and the output neuron, 

Pli is the synaptic weight corresponding to the connection between the ith 

hidden layer neuron and the input neuron, 

<P is the sigmoid signal function introduced in equation (5.1) which is us~d 

as the common signal function for all the neurons in the hidden layer as 

well as the signal output layer. 

For estimating the parameters (the synaptic weights) of the feedforward neural 

network back propagation algorithm, also· known as the Generalised Delta Rule, 1s 

used in the study. For details of this algorithm see Kosko ( 1994, p.IS0-182). 

5.1.2. The ANN modelling cycle 

Building a successful and useful ANN forecasting model is a rather tricky task, and in 

these early days of ANN research, it is more an art than a purely scientific and 

objective endeavour. The modelling cycle can be broken down, in general, into the 

following main steps which are followed in developing the ANN model in this study. 

1. Decide on what the target is and develop a neural network (following the 

succeeding st~ps) for each target. 

2. Determine the time frame that one wish to forecast 

3. Gather information about the problem domain 

4. Gather the needed data and get a feel for each inputs relationship to the target 



127 

5. Process the data to highlight features for th.e network to discern. 

6. Transform the data as appropriate. 

7. Scale and bias the data for the network, as needed. 

8. Reduce the dimensionality of the input data as much as possible. 

9. Design a network architecture (topology, number oflayers, size of layers, 

parameters, learning paradigm). 

10. Go through the training, testing and redesigning loop for a network. 

11. Eliminate correlated inputs as much as possible, while in step 10. 

12. Deploy the network on new data and test it and refine it as necessary. 

The details of the steps are available in Rao and Rao (1996, p.378). Once the 

forecasting model is developed, it requires to be integrated into trading system. A 

neural network can be designed to predict direction, or magnitude, or perhaps just 

turning points in a particular market or something else. 

5.2. CRITERIA USED FOR SELECTION OF MODEL 

In order to select the type of ANN model of best fit for forecasting the energy 

consumption, trained models are compared against the values of the following criteria. 

i) AME, absolute mean error , ii) RMSE, root mean squal'e error and iii) 

MAPE, mean absolute percent error which have been discussed in section 3.3 of 

chapter III. 

The minimum values of these criteria are desirable for the adequacy of a model. The 
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values of the criteria AME, RMSE and MAPE are compared for all of the three 

periods, viz. estimation period, validation period and total period. It is mentionable 

here that the values of RMSE and MAPE for estimation period are found directly 

during training the ANN model. 

5.3. MODELLING CYCLE FOR GAS CONSUMPTION 

It is mentioned in chapter I that the whole period is split into two periods. The 

observed or estimation period containing data from 1970-71 to 1988-89 and the 

validation or post sample period containing data from 1989-90 to 1992-93. The 

models are fitted using the data of observed period and the validity of model is verified 

using data of validation period. For this purpose, at first the models are fitted using 

data of estimation period, then by the estimated model the consumption figures for 

validation period are predicted for prediction performance comparison as well as for 

testing the validity of model. 

5.3.1. For untransformed series 

A logistic signal function in an ANN model at the output neuron considers output 

fractions only. So for the purpose of training the ANN model the gas consumption 

figures are divided by 250000.00 to make all the target outputs fraction. For 

untransformed gas consumption, several network architectures have been considered 

and trained. At last, on the basis of MAPE and RMSE, following three types are 

selected for comparison. 
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Type 1: The model with a single hidden layer consisting of single neuron. The input 

layer with a single neuron corresponding to the time period (year) and the output layer 

consisting of a single output neuron corresponding to the annual gas consumption. 

Type II: The model with a single hidden layer consisting of two neurons. The input 

and the output layers are the same as in type 1. 

Type ill: The model with two hidden layers each consisting of single neuron. The 

input and the output layers are the same as in type I. 

Diagnostic checks 

The decision in model selection is taken on the basis of the criteria given in section 5.2. 

The values of MAPE and RMSE for estimation period are found directly from the 

computer. AME is computed later. The values of these criteria for three types of 

models are reported in table 5 .1.1. 

Thus from table 5. 1. 1 it is clear that the ANN model of type 1 outperforms the other 

two types by all of the selected criteria in all periods. So ANN model with a single 

neuron in single hidden layer is selected as the best ANN model for untransformed gas 

consumption. 

The selected model 

The estimated synaptic weights for selected model of the untransformed dependents 

are as follows: 
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Ho1= -213.73164 BJ,==0.1073085 

'to = -3.71492 -r 1 = 9.817492 

The gas. consumption figures for the years up to 2000-2001 are predicted using the. 

estimated ·parameters of selected model and reported in table 5 .1.3. 

5.3.2. For log-transformed series 

As in the case of untransformed series in order to make the target outputs fractions, 

for log-transformed series the data are subjected to both base and scale transformation. 

For this purpose 9.00 is subtracted from the log-transformed series and the results are 

divided by 5.00. 

In this case too, several netwo.rk architectures are verified. Thus. the same three 

types as in the case of untrarisformed series have been selected for diagnostic 

checking. 

Diagnostic checks 

The deCision in model selection in this case too, is taken on the basis of the criteria 

given in section 5.2. The values of the criteria for the three types of models are 

. ' . . 

reported in table 5.1.2. From table 5.1.2, it is evident that as in the case of 

untransformed series, in this case too the ANN model with a single neuron in single 

hidden layer outperforms other two types. So ANN model with a single neuron in 

single hidden layer is selected as the best ANN model for log-transformed gas 
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consumption too. 

The selected model 

Synaptic weights for selected models for the log-transformed dependents are found as 

follows: 

fio1 = -103.5704 

"to = -12.736193 

B11 = 0.0528653 

"t! = 16.584375 

The gas consumption figures for the years up to 2000-2001 are predicted using the 

estimated parameters of selected model and reported in table 5.1.3. Note that in this 

case the original values of gas consumption are obtained by taking exponent of the 

predicted logarithmic series. 

5.4. MODELLING CYCLE FOR ELECTRICITY CONSUMPTlON 

As in the case of gas consumption series the total period of electricity consumption 

data have also split into two periods. The observed or estimation period, containing 

data from 1976-77 to 1990-91, is used for fitting the model and the validation or a 

post sample period, from 1991-92 to 1992-93, is used for testing the validity of 

selected model. In this case too, at first the models are fitted using data of estimation 

period, -then by the estimated model the consumption figures for validation period are 

predicted for prediction performance comparison and testing the validity of models. 
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For model selection, the same architectures as the gas consumption have also been 

followed in case ofboth of transformed and untransformed electricity consumption. 

5.4.1. For untransformed series 

The values of the diagnostic criteria for untransformed electricity consumption are 

reported in table 5.2.1. 

Diagnostic checks 

It is evident from table 5.2.1 that the ANN architecture"of type II outperforms other 

two types by all criteria in three periods. So ANN model with single hidden layer 

consisting of two neurons has been selected as the best ANN model for untransformed 

electricity consumption. 

The selected model· 

The estimated synaptic weights for the selected ANN model of untransformed 

electricity consumption are as follows: 

Bot= 1.80602 

fio2 = -6.40298 

fill= -2.82142 

fil2 = 23.47349 

-c0 = 4.60582 -c 1 = -10.18731 't2 = 0.93898 

The electricity consumption figures for the years up to 2000-2001 are estimated with 

this selected model and reported in table 5.2.3. 
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5.4.2. For log-transformed series 

The values of the diagnostic criteria for log-transformed electricity consumption are 

reported in table 5.2.2. 

Diagnostic checks 

It is evident from table 5.2.2 that the ANN architecture of type I outperforms other 

two types by all criteria in three periods. So ANN model with single hidden layer 

consisting of single neuron has been selected as the best ANN type for log

transformed electricity consumption. 

The selected model 

The estimated synaptic weights for the selected ANN model of log-transformed 

electricity consumption are as follows: 

fio1 = :..0.81540 

-co = -0.91275 

f\11 = -4.80183 

1:1 = -2.63668 

It is mentionable here that in this case too, the original values of electricity 

consumption are obtained by taking exponent of the predicted logarithmic series. The 

electricity consumption figures for the years up to 2000-2001 are estimated with this 

selected model and reported in table 5.2.3. 
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Two statistics~ and T defined in chapter ll1 (s~ction 3::2) are also used here for taking 

decision abqut the preference of variables as dependent variable. The values of those . . . 

two. statistics are computed for the selected ANN models of gas and electricity 

consumption of both types viz., transformed and untransformed. The values are 

computed only for total period. 

5.5.1. For gas consumption 

For untransformed gas consumption series· for selected ANN model the values· of r2 

and T are computed as 0.9879 and 192.6168 respectively. Similarly for log-

transformed series the values are 0.9854 and 212.2443 respectively, which immediately 

show that ~ is maximum and T is minimum for untransformed series. So it can be 

concluded that untransformed series of gas consumption is preferable as dependent 

variable to log-transfom1ed one. 

5.5.2. For electricity consumption 

In the case of untransformed electricity consumption for selected .ANN model the 

values of r and T are computed as 0.9361 and 132.5521 respectively. Similarly for 

log-transformed series the values are 0.9883 and 119.4879 respectively. In this case r2 

is maximum and T is minimum for log-transformed series. So it can be concluded that 



135 

log-transformed series of electricity consumption is preferable as dependent variable 

to untransformed one. 

However, predicted values for both the untransformed and transformed senes are 

reported in the study, so that one can use any result. 

5.6. SUMMARY 

The findings in this chapter can be summarised as follows: 

i) Investigations towards modelling the energy consumption applying ANN techniques 

are performed. Performances of ANN with various numbers of neurons in various 

numbers of hidden layers are studied by observing the values of MAPE and RMSE. 

Then, forecasting performance's of three better performed models are compared using 

AME, MAPE and RMSE for three periods. 

ii) ANN model with a -single neuron in single hidden layer is selected as the best ANN 

model for untransformed gas consumption. 

iii) ANN model with a single neuron in single hidden layer is selected as the best ANN 

model for log-transformed gas consumption too. 

iv) ANN model with single hidden layer consisting of two neurons has been selected 

as the best ANN model for untransformed electricity consumption. 

v) ANN model with single hidden layer consisting of single neuron has been selected 

as the best ANN type for log-transformed electricity consumption. 

vi) For modelling purposes untransformed series of gas consumption is preferable to 
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transformed one, while, log-transformed series of electricity consumption is preferable 

to untransformed series. 
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APPENDIX V 

Table 5.1.1. Values of diagnostic criteria for selecting ANN types of 
models for untransformed gas consumption 

Values of diagnostic criteria for ANN models of 
·Criteria · Period 

' ,. 

-_ .' Type I Type II . Type III 

Estimation 3312.0942. 3325.11.50 3341.5213 
AME Validation 3145.2500. 3194.3564 3318.6451 

Total 3283.0770. 3300.7220 3314.9340 

Estimation 13.6285. 13.9314 13.8152 
MAPE Validation 1.9036. 2.0119 1.9901 

Total 11.5895" 11.8584 11.7589 

Estimation 4335.7238" 4369.2236 4346.8836 
RMSE Validation 4466.8274. 4501.3152 4498.6641 

Total 4254.5732" 4287.4420 4268.4411 

Note: The value of the criterion for a model with starlet shows that the model is better than 
other two models with respect to that criterion. 

Type 1: The model with a single hidden layer consisting of a single neuron. The input layer 
with a single neuron corresponding to the time period (year) and the output layer consisting of a 
single neuron corresponding to the annual gas consumption. · 

Type II: The model with a single hidden layer consisting of two neurons. The input and the) 
output layers are the same as in type I. 

Type III: The model with two hidden layers each consisting of single neuron. The input and 
the output layers are the same as in type I. 
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Table 5.1.2. Values of diagnostic criteria for selecting ANN types of 
models for log- transformed gas consumption 

Values of diagnostic criteria for ANN model of 
Criteria Period 

Type I Type II Type III 

Estimation 3711.6227" 3791.5841 3784.0532 
AME Validation 3749.6950. 3862.8142 3799.0113 

Total 3718.2005+ 3803.9710 3786.6541 

Estimation 12.7085. 12.8259 12.8513 
MAPE Validation 2.2273. 2.2517 2.2603 

Total 10.8857. 10.9869 11.0094 

Estimation 4761.4763. 4802.0153 4805.6213 
RMSE Validation 4777.5243. 4780.2134 4783.5432 

Total 4654.2433. 4688.5720 4692.0571 

Note: The value of the criterion for a model with starlet shows that the model is better than 
other two models with respect to that criterion. 

Type 1: The model with a single hidden layer consisting of a single neuron. The input layer 
with a single neuron corresponding to the time period (year) and the output ·Jayer consisting of a 
single neuron corresponding to the annual gas consumption. 

Type II: The model with a single hidden layer consisting of two neurons. The input and the 
output layers are the same as in type I. 

Type III: The model with two hidden layers each consisting of single neuron. The input a:nd 
the output layers are the same as in type L 
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Table 5.1.3. Observed and predicted values obtained by selected 
ANN models for gas consumption data 

Observed gu~ 1\Jr unlmnsfonned series by For 1og-lransfomled series by 
Year consumption ANN model ANN model 

in 106 eft 

ESTIMATION PERIOD 

1970-71 9400 13339.56 12409.224 
1971-72 12300 14469.1R 13477.771 
1972-73 8800 158(15.75 14810.061 
1973-74 20000 17718.25 16469.338 
1974-75 28313 19901.75 18531.764 
1975-76 19754 22483.50 21087.179 
1976-77 28871 25543.75 24238.668 
1977-78 32029 29178.00 28100.243 
1978-79 34131 33496.75 32792.064 
1979-80 38243 38625.25 38432.825 
1980-81 45032 44701.25 45129.487 
1981-82 49494 51866.50 52965.276 
1982-83 63717 60255.25 61987.601 
1983-84 70133 69974.50 72197.997 
1984-85 80257 81078.75 83546.792 
1985-86 90958 93539.25 95929.707 
1986-87 101138 107214.80 109199.310 
1987-88 118955 121834.00 123169.461 
1988-89 146309 136999.50 137631.980 

VALIDATION PERIOD 

1989-90 159071 152221.80 152370.700 
1990-91 164191 166978.50 167175.100 
1991-92 178668 180788.80 181851.510 
1992-93 194100 193276.50 196230.870 

FORECAST PERIOD 

1993-94 201823.41 201995.09 
1994-95 211197.03 211559.35 
1995-96 218949.45 219998.36 
1996-97 225239.06 225624.11 
1997-98 230267.62 231207.07 
1998-99 237372.77 237897.20 
1999-2000 239820.49 241123.51 
2000-2001 245578.30 246823.99 

• Source: Different issues of Bangladesh Statistical Y carbook, Bangladesh Bureau of 
Statistics, Government of Bangladesh, Dhaka and Annual Report 1994, Bangladesh Oil, Gas 
and Mineral Resources Corporation, Dhaka. 



140 

Table 5.2.1. Values of diagnostic criteria for selecting ANN types of 
·models for untransformed electricity consumption 

-· 

Values of diagnostic criteria for ANN model of 
Criteria Period 

Type II Type I Type III 

Estimation 313.3704* 359.1403 321.5032 
AME Validation 781.8690* 794.1241 801.1435 

Total 368.4879* 410.3172 377.9314 

Estimation 10.8505* 10.9914 10.9314 
MAPE Validation 15.2988* 15.8153 15.7005 

Total 11.3739* 11.6805 11.5766 

Estimation 486.4364* 503.7112 499.1111 
RMSE Validation 876.7573* 888.013'5 881.3341 

Total 559.1353* 574.5703 569.6391 

Note: The value of the criterion for a model with starlet shows that the model is better than 
other two models with respect to that criterion. 

Type 1: The model with a single hidden layer consisting of a single neuron. The input layer 
with a single neuron corresponding to the time period (year) and the output layer consisting of a 
single neuron corresponding to the annual electricity consumption. 

Type II: The model with a single hidden layer consisting of two neurons. The input and ,j:he 
output layers arc the same as in type I. '-

Type III: The model with two hidden layers each consisting of a single neuron. The input and 
the output layers are the same as in type I. · · 

; 
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Table 5.2.2. Values of diagnostic criteria for· selecting ANN types of 
models for log- transformed electricity consumption 

Values of diagnostic criteria for ANN model of 
Criteria Period 

Type I Type II Type III 

Estimation 100.951 0* 111.0132 109.9202 
AME Validation 433.9585* 420.5804 435.0153 

Total 140.1283* 147.4328 148.1366 

Estimation 4.0295* 4.1136 4.2302 
MAPE Validation 7.4886* 7.6312 7.775'9 

Total 4.4365* 4.6161 4.7367 

Estimation 149.6813* 151.7205 155.0103 
RMSE Validation 738.6789* 750.5555 752.1159 

Total 241.2024* 316.5547 318.4443 

Note: The value of the criterion for a model with starlet shows that the model is better than 
other two models with respect to that criterion. 

Type 1: The model with a single bidden layer consisting of a single neuron. The input layer 
with a single neuron corresponding to the time period (year) and the output layer consisting of a 
single neuron corresponding to the annual electricity consumption. 

Type II: The model with a single hidden layer consisting of two neurons. The input and the 
output layers are the same as in type I. 

Type III: The model with two hidden layers each consisting of single neuron. The input and 
the output layers are the same as in type I. 



Table 5.2.3. Observed and predicted values obtained by selected 
ANN models for electricity consumption 
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Observed For untninsfonncd series by For log-transformed series by ANN 
Year electricity ANN model model 

consumption 
. 

inMKWH 

ESTIMATION PERIOD 

1976-77 932 1077.717 935.3509 
1977-78 1012 1119.658 1035.954 
1978-79 1205 1186.506 1160.669 
1979-80 1381 1303.274 1313.599 
1980-81 1406 1501.472 1498.445 
1981-82 . 1594 1781.485 1717.896 
1982-83 2028 2105.177 1972.952 
1983-84 2399 2451.392 2262.346 
1984-85 2704 2!Q7.070 2582.238 
1985-86 2841 3242.353 2926.315 
1986-87 3307 3698.142 3286.328 
1987-88 3485 4184.751 3652.947 
1988-89 3772 4684.751 4016.759 
1989-90 4694 5174.800 4369.174 
1990-91 4705 5635.023 4703.094 

VALIDATION PERIOD 

1991-92 4870 6048.586 5013.265 
1992-93 6021 6406.152 5296.347 

FORECAST PERIOD 

1993-94 6512.256 5489.991 
. 1994-95 6789.011 5612.075 
1995-96 7005.325 5806.230 
1996-97 7289.664 6117.339 
1997-98 7435.568 6358.257 
1998-99 7706.123 6603.108 

1999-2000 7<J78.450 6824.006 
2000-2001 8209.237 7003.555 

* Source: Different issues of Bangladesh Statistical Y carbook, Bangladesh Bureau of 
Statistics, Government of Bangladesh, Dhaka and Annual Report 1993-94, Bangladesh Power 
Development Board, Dhaka. 


