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Abstract: Since financial and economic time series are nealinneural networks can

be efficiently used in the financial and econonnieet series forecasting. In this paper we
used machine learning technique for data miningviuate the predictive relationships
of economic variables of Turkey. Neural network misdare examined for their

capability to provide an efficient forecast of fréuvalues. For illustration and

confirmation purposes, the proposed model is catediuen typical economic time series.
Empirical results obtained show that the proposedrai-network-based nonlinear

modeling technique is a very promising approachcmnomic time series forecasting.
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1. Introduction

Several factors impact financial markets, includpdlitical events, general economic circumstances,
and even traders’ expectations. Due to the highedsgof irregularity and nonlinearity, financialda@conomic
time series forecasting is regarded as a rathdlealging task (Lai/Yu/Wang/Zhou, 2006; Yu/Wang/La005;
Yu//Lai, 2009). The non-stationary characteristic fimancial and economic time series implies tha¢ t
distribution of these time series is changing ottere. As a result, for traditional linear modelscluas
autoregressive integrated moving average (ARIMA)isivery complicated to capture the irregularityda
nonlinearity hidden in financial and economic tiseries. Recently, artificial neural Networks (ANNggre
effectively used in financial and economic timeie®modeling and forecasting (Yu/Wang/Lai, 2005{/Vai,
2009; Yu,Wang/Lai 2007; Cheng/Wanger/Lin 1996; 8Sh#Patil 1994; Van/Robert 1997; Kaastra/Milton 1,995
Francis/Lijuan 2001). Unlike traditional statisticmodels, neural networks are data-driven, non+patec
models. Therefore, neural networks are less vuliterta the problem of model misspecification as parad to
most of the parametric models. As a result, if caref to traditional statistical models, neural reks are
more efficient in describing the dynamics of finehcand economic time series Francis/Lijuan 2001;
Zhang/Michael 1998; Chiang/Urban/Baildridge 199%&jtually, neural networks suggest a novel technitpag
does not necessitate a pre-specification duringmhbédeling procedure because they independently lder
relationship inherent in the variables. Moreoveuraé networks suggest the flexibility of severathatecture
types, learning algorithms, and validation proceduEnke/Thawornwong 2005).

With the increasing globalization process and tebygical improvement in the information
technology sector the movement of factors overgibbe raises. Technology, capital stock and labore is
the factor that determines economic output, acogrdd the literature on growth (Jones 1997). Withauy
doubt, there exist a considerable gap between ojeig and developed countries when qualified ldbace,
technology advance and capital stock as well isicened. Consequently the immense gap betweemtheh
output levels of developed and developing countdes assigned to the differences in these facteos.
developing countries it is much more exhaustiventeet the very expensive Research and Development
activities. Researchers have long been concerndld thie underlying data-generating process for key
macroeconomic variables such as GNP, GDP and imilathere have been various macroeconomic time-
series studies based on ANN models. In these modets set of parameters governs the evolution ef th
dependent variable. In this work, we used a neneddiork approach for the prediction of gross natigroduct
(GNP) of TURKEY. Hence we will briefly review andsguss the economic structure of Turkey in the next
section. In section three, we will briefly reviemdadiscuss the artificial neural network (ANN) mbdEhe
resulting data selection and model development,irgzap results, and conclusion will then be present
respectively.
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2. Economic Development of Turkey

The flows of factors of production over the globereases with the ongoing globalization process and
additional improvements of the information techmyloTechnology, capital stock and labor force is féctor
that determines Economic output according to tteedture on growth. (Jones 1997) Without any dotliere
exist a considerable gap between developing andlalesd countries when qualified labor force, adeanc
technological utilities and capital stock as weltonsidered. It can be concluded that the immgapebetween
the annual output levels of developed and devetppiuntries are assigned to the differences iretfagors.

An increased allowance of less developed countadke liberalization policies of the early 80s was
an important matter for policy makers to integréteir own economy in the world. A rough division tbie
Turkish economic history can be seen from the mathe of macroeconomic reorientation from the intyhed
industrialization to trade liberalization and expariented growth strategy dominated up to the %980
According to various influential factors in the toisy Turkey had put many barriers in front of imational
trade and investment and devoted herself to statralled enterprises before 1980s. Growth was dbé&sea
long-term on import strategy. After suffered ecoidisruptions the National Committee of the Stal@nning
Unit has been established as a constitutional tutisth. With the five-year plans between 1963 - 098
developing plans were that both the State as wdlican the private sector constructive impulsethefTurkish
economy should be accompanied (Mixed Economy)rdieroto control the high inflation, rising unempiognt
numbers, political violence the Government annodnoe 24.01.1980, with the support of international
financial and economic organizations, the stathefnecessary fundamental economical, legal aritutisnal
change to strengthening the integration of Turk®y ithe global economy. (Ekinci 1990, Kepenek/Yeéntil
1997, Metin-Ozcan/Voyoda/Yeldan 2001; Alici/Ucald&)

In the 80s began the liberalization of trade amdritial deregulation, where the control of capital
flows repealed and the Turkish currency from thisetwas fully convertible. In 1996 the customs unith
the European Union continued. With the more integnaTurkey’s economy to the global capital andafinial
markets their serious consequences was felt inejuduring the crisis in 1999. Following the twoses$ in
1991 and 1994 the macroeconomic environment, fotltedjovernment towards the end of 1999 to implémen
a stabilization program with the intention to reeube rate of inflation, the real interest rate #meldebt stock
of Turkey. As a result of the 1994 crisis, the mergensive imported goods resulting from the nomina
depreciation and the high short-term interest rdtseased the industrial production having an onpa the
economic output. (Celasun 1994; Celasun/Denizet®89) Hence the economic performance broke agam wi
the crisis in 1991 and 1994.

Due to a dispute between the then Prime MinistavEand President Sezer in February 2001 a new
crisis sparked in Turkey. The main challenge fa government was the restore of macroeconomic balan
subject to reduce inflation and sustained econagroevth. With the launch of the new economic stahtiion
program after the 2001 crisis the positive trendtiomes. 2002 and 2003 were the years of econcgoimvery
from the crisis of 2001. So far Turkey lacks lownfidence, weak governance and informal sector énpast
that prevented sustainable economic growth (OEGIl¢cyBrief: Economic Survey of Turkey 2004, Octope
with the retrieval of economic stability the focwas set on sustainable economic growth. After toetdived
coalition governments and coalition governmentsngle party government came to power with the 2004
elections. Political stability was obtained andvyided huge external support as well as positiveca$f of the
EU reforms economic stability has been furtherfoeoed

Turkey is still in comparison to most existing Elémbers very weak, but is also dynamic. Since 2002
Turkey has had a robust economic growth. Investsnétth private and public), industrial producteswell
as degree of capacity utilization have been ine@akiring the time period between 2001-2007 as. wBjl
closer contemplation there is a relationship betwedustrial production and economic growth. Foneljrect
investments can be quoted as another determinainatfiected economic growth. (Alici/lUcal 2003) FHilays a
serious role in the development of closing the wah industrialized nations (catch up) and the mtgnt with
EU standards (convergence). Overall after the @iristis in Turkey there was a shift from the maiplyblic
economy to the private sector's which put focuseffort to increase the efficiency in order to remgiobal
competitive.

3. Atrtificial Neural Network (ANN) Model

The multilayer perceptron network is the most comiypoused neural network in economic and
financial time series modeling. In general, thewmek represents the way the human brain procesgrsg i
sensory data, received as input neurons, into réttog as an output neuron. The interconnected areur
generate expectations or forecasts which leadactioms and decisions in financial data. Mainlytjats come
from forecasts based on the parallel processirigtefconnected neurons (McNelis 2005). The inputades
are fed into a layer of units making up the in@ytelr for each training sample. The weighted outpéithese

213



1. International Symposium on Sustainable Develapniine 9-10 2009, Sarajevo

units are then fed to a hidden layer. The weighputs of the hidden layer are input to units makimgthe
output layer which issues the network’s predictfona given set of samples. Back propagation isntiusst
popular neural network algorithm. It is a method &ssigning responsibility for mismatches to eatlhe
processing elements in the network by propagatimggradient of the activation function back throubh
network to each hidden layer down to the first kiddayer. The weights are then modified so as wmize
the mean squared error between the network’s giediand the actual target (Enke/Thawornwong 2005).

4. Results and Discussion

The main objective of this study was to investigtte applicability of the ANN technique in the
prediction of GNP time series. The selection ofitigut variables is a modeling decision that cgmificantly
influence the model performance. In the neural pétvgituation, the information gain data mining lgaes was
used to find good subsets of the full set of thstfperiod input variables. Thus, overall balarfoegign direct
investment, gross fixed investment, labor force grmks national product (GNP) variables were coesily
used as the input variables for training the nenedlvorks throughout the modeling phase. The vahighe
input variables were first preprocessed by norrvaizhem to decrease the effect of magnitude betvke
inputs and thus increase the effectiveness ofening algorithm. It is well known that most tnaglipractices
implemented by financial analysts rely on precisedjction of the financial instruments. After many
experiments with various numbers of hidden layarromes, learning algorithms, and learning rates,féteal-
forward neural network employing 5 neurons in thpgui-layer, 10 neurons in the hidden layer, 0.@GBrimg
rate, and a gradient descent back propagationirtgaadgorithm was found to be the best network ieckure
based on the lowest average root-mean squared AN training is not firm since the training prasemay
depend on the choice of a random start. Traininglse computationally expensive in terms of thénirg
times used to determine the appropriate netwotlctire. The degree of success, therefore, mayuitrestfrom
one training pass to another.

The focus of this section of the paper was to eramaind discuss the results obtained from the ANN
model. In this model, five basic economic variablesre presented in the network as input parameters
determine the relationship between GNP propertiesp@rameter. In order to develop an ANN modeljtipet
parameters were also individually excluded from ithgut parameters. As previously mentioned, dewsdop
ANN models were tested by data sets from the Rening Organization, which were not employedha t
training stage. To evaluate how accurate the resfulthe developed ANN model is, the coefficient of
correlation(R?) was used as statistical verification tools. Estedatalues were graphically compared with the
actual values as in Figurel. As can be seen, thN ANdels were found to be able to learn the retatiqp
between the input parameters overall balance,dordirect investment, gross fixed investment, l&roe and
gross national product (GNP). Figure 2 gives théistical performance of the ANN model. It appehes there
is a relatively good agreement between the ANN iptisths and the actual data. This can be interprétam
the R value 0.976. Rvalue of the model reflects the overall error perfance of the model. One can clearly
see that ANN model gives good correlation betwédmnetstimated and real GNP values. Consequentlyn whe
the results in figures are evaluated, it can belooled that ANN models can be used for the premfiatif GNP.

The predictive performance of the developed moded estimated using the untouched out-of-sample
(testing) data. This is due to the fact that thpesior in sample performance does not always gteeathe
validity of the forecasting accuracy. One possigpproach for evaluating the forecasting performasc®
investigate whether traditional error measure sastcorrelation coefficient @R between the actual out-of
sample returns and their predicted values are smadlighly correlate, respectively. Hence, the prigoh of the
forecasting model must be adjusted for unbiasetbpeance comparisons. The empirical results shaav th
ANN can accurately estimate GNP because of the ¢ugtelation (R) relationship. This is due to the fact that
the correlation (B of these models indicates higher positive retetiop between the actual and predicted
values of GNP. The findings strongly support then-finearity relationship between the past economic
variables.

5. Conclusions

In this study we investigate the predictive powéreoconomic variables by using ANN as machine
learning technique for data mining. The study lmsi$ed on input data, forecasting methodology agadsnres
used for performance evaluation. This approach sesiitable in selecting the variables when theulisess of
the data is unknown, especially when nonlineandigte in the economic variables as found in thiglgt The
observation is that neural networks model is slétdtr GNP forecasting. ANN gives better resultdrasling
systems and higher forecasting accuracy.

In conclusion, both researchers and practitionenge hstudied financial and economic time series
prediction for many years. Many studies concludst some economic variables can be predicted bygusin
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ANN. To this end, our finding suggests that ecorofarecasting is always and will remain difficulbse such
data are greatly influenced by economical, finangialitical, international, and even natural exer®bviously,
this study covers only fundamental available infatiom, while the technical analysis approach remaitact.
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Figure 1. Comparison of actual values with the results olggifrom the ANN model
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Figure 2. Performance of ANN model for testing dataset.
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