PUBLIC EXPENDITURE FORECASTING WITH FUZZY TIME SERIES

Ufuk Yolcu

Ankara University, Faculty of Science,
Department of Statistics, Turkey

varynasx@hotmail.com

Cagdas Hakan Aladag

Hacettepe University, Faculty of Science,
Department of Statistics, Turkey

chaladag@gmail.com

ABSTRACT

Nowadays, it is of vital importance to make predictions about the future in
terms of planning and strategy formulation. This can be realized by accurate and
realistic analysis of information and data that have emerged from past to present.
Especially, governments must make as possible as accurate and realistic prediction
in order to produce an accurate planning and budget based on historical data.
Public expenditure forecasting is an important factor for balance of budget. In
addition, with its multiplier effect, public expenditure has distinctive role on other
components of economy such as national income, employment and private con-
sumption expenditures. That is, public expenditure and forecasting it accurately
have vital importance on the economy of countries. Different approaches namely
stochastic and non-stochastic approaches have been proposed in the literature for
the analysis of time series like this. Particularly, in recent years, the use of non-sto-
chastic models such as fuzzy time series approaches for the analysis of time series
has become widespread. In this study, Expenditures of Central Government Bud-
get (ECGB) of Turkey is forecasted with different fuzzy time series approach. The
fuzzy time series approach is rarely applied for the forecast of public expenditures,
and as far as we know this is the first of such attempts involving Turkish data.
Different fuzzy time series forecasting models are applied to the data data from
January 2007 to May 2013 in order to reach accurate forecasts. Obtained results
from the different fuzzy time series approaches evaluate as a whole. As a result of
the implementation, it is shown that fuzzy time series approaches can be effectively
used to forecast of ECGB.
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INTRODUCTION

Many studies presented that public expenditures directly or indirectly affect
economy. The government’s spending policies consisting of economic growth, full
employment, price stability and arrangement of fund and distribution of income
is really important in terms of its effect on economical behaviors of private sector
and outcomes. Public expenditures are decisive on national income and employ-
ment by its multiplier effect on the other hand affects the aggregate demand com-
ponents such as private consumption expenditures (Durukaya, 2012).

There are many studies to research that public expenditures effect on the other
components of economy. Blanchard and Perotti (2002) searched that public ex-
penditures effect on the economic activities. According to this study, increase of
public expenditures causes a significant increase of product, real wages and con-
sumption whereas it causes decreasing private investment expenditures. Schclarek
(2007) obtained similar findings. Fatas ve Mihov (2001) confirm that increase of
public expenditures causes a permanent and significant increase of private con-
sumption. D’Alessandro (2010) determined that public expenditures have impact
with positive aspect on private consumption. Karras (1994), Hjelm (2002), Okubo
(2003), Nieh and Ho (2006) and Gali et al. (2007) put forward that there is comple-
mentarity relation between public expenditures and private consumption. Taking
all of these studies into account, public expenditure and its’ accuracy forecasting
are of vital importance with respect to the economy of countries.

Different approaches namely stochastic and non-stochastic approaches have
been proposed in the literature for the analysis of time series, like this. In recent
years, the use of non-stochastic models such as fuzzy time series approach for the
analysis of time series has become widespread. The main advantage of fuzzy time
series approaches is that they do not need assumptions that stochastic models do.

The concept of fuzzy time series was first introduced by Song and Chissom
(1993 a). Fuzzy time series forecasting models consist of three steps as fuzzifica-
tion, identification of fuzzy relation and defuzzification which have an influence
on forecasting performance of the method. Many researchers have carried out
studies using different approaches on these three steps.

In the fuzzification step, Song and Chissom (1993a, 1993b, 1994) and Chen
(1996, 2002) determined fixedly interval lengths arbitrarily whereas Huarng
(2001) used average and distribution based and Egrioglu et al. (2010, 2011) used
optimization based methods. In addition, for the analysis of time series containing
trend, a ratio-based length of intervals is proposed by Huarng and Yu (2006a). In
addition, Cheng et al. (2008), Li et al. (2008), Aladag et al. (2012), Alpaslan et al.
(2012), Egrioglu (2012), Egrioglu et al. (2013) and Alpaslan and Cagcag (2012)
were used fuzzy C-means (FCM) and Gustafson-Kessel fuzzy clustering tech-
niques, respectively.
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Identification of fuzzy relation is the step in which the appropriate model is
determined. Song and Chissom (1993a, 1993b, 1994) used fuzzy relation matrix.
Chen (1996) proposed a simpler approach using fuzzy logic group relationships
tables. Huarng and Yu (2006b) proposed a first-order fuzzy time series approach
which uses feed-forward neural networks (FFANN) in this step. Aladag et al.
(2009) proposed a high-order fuzzy time series forecasting model which uses
FFANN in the determination of fuzzy relations. Yolcu et al. (2013) proposed an
approach which considers the membership values and used FCM technique in-
stead of determining the membership values subjectively.

In this study, we aim to forecast the ECGB from January 2007 to May 2013 by
applying different fuzzy time series approaches. When obtained results from the
different fuzzy time series approaches evaluate, it is shown that fuzzy time series
approaches can be effectively used for forecasting of ECGB. The rest of this paper
is designed as follows. In Section 2, the basic concepts of fuzzy time series are
briefly reviewed. Section 3 gives the implementation. The last section concludes
the paper.

Fuzzy TIME SERIES

The fuzzy time series was firstly defined by Song and Chissom (1993a). The
basic definitions of fuzzy time series, and time variant and time invariant fuzzy
time series definitions are given below.

Definition 1 Let Y(¢) (t =...,0, 1,2, ...), a subset of real numbers, be the universe
of discourse on which fuzzy sets ]j(t) are defined. If F(¢) is a collection of f,(#), f,(t),
... then F(#)is called a fuzzy time series defined on Y(#).

Definition 2 Suppose F(t) is caused by F(t - 1) only, i.e., F(t - 1) - F(t). Then this
relation can be expressed as F(t) = F(t — 1) ° R(¢t, t — 1) where R(¢, t - 1) is the fuzzy
relationship between F(t - 1) and F(t), and F(t) = F(t - 1) ° R(t, t - 1) is called the
first order model of F(t). “ ° “ represents max-min composition of fuzzy sets.

Definition 3 Suppose R(t, t - 1) is a first order model of F(¢). If for any ¢, R(t, t — 1)
is independent of ¢, i.e., for any t, R(t, t - 1) = R(t - 1, t — 2), then F(t) is called
a time invariant fuzzy time series otherwise it is called a time variant fuzzy time
series.

Song and Chissom (1993a) firstly introduced an algorithm based on the first
order model for forecasting time invariant F(t). In Song and Chissom’s labour, the
fuzzy relationship matrix R(¢#, t - 1) = R is obtained by many matrix operations.
The fuzzy forecasts are obtained based on max-min composition as below:
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F(t) = F(t-1) °R (1)

The dimension of R matrix depends on the number of fuzzy sets. The number
of fuzzy sets equals to the number of intervals that compose of universe of dis-
course. The more fuzzy sets are used, the more matrix operations are needed for
obtain R matrix. When the number of fuzzy set is high, using the method proposed
by Song and Chissom (1993b) considerably increases the computational cost. In
this situation, the method suggested by Song and Chissom is given as below.

Definition 4 Let F(t) be a time invariant fuzzy time series. If F(t) is caused by F(t -

2), F(t-1),...,and F(t - n) then this fuzzy logical relationship is represented
by

F(t-n),..,F(t- 2),F(t- 1) »F(t) )

and it is called the n™ order fuzzy time series forecasting model.

THE APPLICATION

In this study, we used different fuzzy time series forecasting methods for fore-
casting of ECGB. These methods are Song and Chissom (1993b) - SC93b, Chen
(1996) - C96, Huarng (2001) - HO1' (distribution based) and HO1* (average based),
Chen (2002) - C02, Huarng and Yu (2006b) - HY06b, Cheng et al. (2008) - C08,
Aladag et al. (2009) - A09 and Yolcu et al. (2013) - Y13. Each of these methods uses
different approaches in each steps of analysis process. The graph of monthly ECGB
data from January 2007 to May 2013 is given in Figure 1.

In the analysis of ECGB, we used observations of last five month as the out-of-
sample observations (test data). The number of fuzzy sets and intervals are varied
between 5 and 15 in the analysis of all forecasting method. The number of hidden
layer of artificial neural network is taken between 1 and 12 in A09 and Y13. In
addition, the model order is taken between 1 and 12 for C02 and A09.

The error criteria obtained from the case where we obtained the best results
for the test data are presented in Tables 1. In these tables, RMSE, MAPE, and DA
represent root mean square error, mean absolute percentage error, and direction
accuracy criteria, respectively. Mentioned performance measures were calculated
over the test set.

216 | WSGE



39000
34000 -
29000
24000
19000 -+
14000 - T
Time

Figure 1. The graph of monthly expenditures of central government budget

Table 1 The error criteria obtained from analysis

C93b 96 01! 012 02 Y06 08 09 13

MSE 47945 61413 70840 38425 686.81 21699 577.54 95.14 18.93

APE 98% S1% 680%  6.66% J70%  4.75% 1.94% 93% 30%

A  000% 500% 500% 000% 500% 0.00% 000% 500% 5.00%

We obtained the superlative results given in Table 1 when;
« the interval length was 2500 for the SC93b;
 the interval length was 6000 for the C96;
« the interval length was 4000 for the HO1' (distribution based);
 the interval length was 200 for the H01* (average based);
« the interval length was 5000 and model order twelve for the A09;
o the ratio sample percentile was 0.5 for the HO6b;
o the number of the fuzzy sets was twelve for the C08;

« the interval length was 3500, the number of the neurons in the hidden layer
was five and model order twelve for the A09;

o the number of the fuzzy sets was thirteen and the number of the neurons in
the hidden layer was one for the Y13.

When Table 1 is examined, it is seen that fuzzy time series approaches produce
good forecasts for ECGB data. All forecasting results can also be compared to each
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other according to Table 1. The best results are obtained from the approaches sug-
gested by Aladag et al. (2009) and Yolcu et al. (2013) in terms of all performance
measures. The forecasting results can also be examined visually. The graph of ob-
servations and forecasts obtained from the best two methods Aladag et al. (2009)
and Yolcu et al. (2013) for the test set is given in Figure 2. From this figure, it is
clearly seen that the obtained forecasts are very good.
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Figure 2. The graph of observations and forecasts obtained from the best two
methods.

CONCLUSIONS

Public expenditure forecasting problem is an important task. Therefore, vari-
ous forecasting techniques which are stochastic or non-stochastic have been used
to solve public expenditure forecasting problem. The fuzzy time series approach
is rarely applied for the forecast of public expenditures, and as far as we know this
is the first of such attempts involving Turkish data. To accurately forecast expen-
ditures of central government budget of Turkey, nine different fuzzy time series
forecasting approaches available in the literature were applied to the data. As a
result of the implementation, it was observed that fuzzy time series approach give
accurate for this time series. All forecasting results obtained from these methods
are compared to each other in terms of RMSE, MAPE, and DA criteria. The most
accurate forecasts were obtained when methods proposed by Aladag et al. (2009)
and Yolcu et al. (2013). These findings show that fuzzy time series approach is a
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good alternative method to forecast public expenditure time series.

REFERENCES

Schclarek, A. (2007), “Fiscal Policy and Private Consumption in Industrial and Devel-
oping Countries’, Journal of Macroeconomics, 29(4), 912-39.

Fatas, A. ve Mihov, 1. (2001), “The Effects of Fiscal Policy on Consumption and Em-
ployment: Theory and Evidence”, CEPR Discussion Paper, 2760, Centre for Eco-
nomic Policy Research.

D’Alessandro, A. (2010), “How can Government Spending Affect Private Consump-
tion? A Panel Cointegration Approach’, European Journal of Economics, Finance
and Administrative Sciences, 18, 40-57.

Karras, G. (1994), “Government Spending and Private Consumption: Some Interna-
tional Evidence’, Journal of Money, Credit, and Banking, 26(1), 9-22.

Hjelm, G. (2002), “Is Private Consumption Growth Higher (Lower) During Periods
of Fiscal Contractions (Expansions)?”, Journal of Macroeconomics, 24(1), 17- 39.

Okubo, M. (2003), “Intratemporal Substitution between Private and Government
Consumption: The Case of Japan’, Economics Letters, 79(1), 75-81.

Nieh, C.C. ve Ho, T. (2006), “Does the Expansionary Government Spending Crowd
out the Private Consumption? Cointegration Analysis in Panel Data”, The Quar-
terly Review of Economics and Finance, 46, 133-148.

Gali, J., Salido, L.D.J. ve Valles, J. (2007), “Understanding the Effects of Government
Spending on Consumption’, Journal of the European Economic Association, 5(1),
227-270.

Song, Q. and Chissom, B.S., 1993a. Forecasting enrollments with fuzzy time series-
Part I, Fuzzy Sets and Systems, 54, 1-10.

Song, Q. and Chissom, B.S., 1993b. Fuzzy time series and its models, Fuzzy Sets and
Systems, 54, 269-277.

Song, Q. and Chissom, B.S., 1994. Forecasting enrollments with fuzzy time series- Part
I1, Fuzzy Sets and Systems, 62 1-8.

Chen, S. M., 1996. Forecasting enrollments based on fuzzy time-series, Fuzzy Sets and
Systems, 81, 311-319.

Chen, S.M., 2002. Forecasting enrollments based on high order fuzzy time series, Cy-
bernetics and Systems, 33, 1-16.

Huarng, K., 2001. Effective length of intervals to improve forecasting in fuzzy time-se-
ries, Fuzzy Sets and Systems, 123, 387-394.

Egrioglu, E., Aladag, C.H., Yolcu, U,, Uslu, V.R. and Basaran, M.A., 2010. Finding an
optimal interval length in high order fuzzy time series, Expert Systems with Appli-

WSGE | 219



cations, 37, 5052-5055.

Egrioglu, E., Aladag, C.H., Bagaran, M.A., Uslu, V.R. and Yolcu, U, 2011. A New Ap-
proach Based on the Optimization of the Length of Intervals in Fuzzy Time Series,
Journal of Intelligent and Fuzzy Systems, 22, 15-19.

Huarng, K. and Yu, T. H. K., 2006a. Ratio-based lengths of intervals to improve fuzzy
time series forecasting. IEEE Transactions on Systems, Man,, and Cybernetics—Part
B: Cybernetics, 36, 328-340.

Huarng, K. andYu, H. K., 2006b. The application of neural networks to forecast fuzzy
time series, Physica A, 363, 481-491.

Cheng, C. H., Cheng, G. W. and Wang, J. W., 2008. Multi-attribute fuzzy time series
method based on fuzzy clustering, Expert Systems with Applications, 34, 1235-1242.

Li, S. T, Cheng, Y. C. and Lin, S. Y., 2008. A FCM-based deterministic forecasting
model for fuzzy time series,Computers and Mathematics with Applications, 56,
3052-3063.

Aladag, C. H,, Yolcu, U., Egrioglu, E. and Dalar A.Z., 2012. A new time invariant fuzzy
time series forecasting method based on particle swarm optimization, Applied Soft
Computing, 12, 3291-3299.

Alpaslan, E and Cagcag, O., 2012. A Seasonal Fuzzy Time Series Forecasting Method
Based On Gustafson-Kessel Fuzzy Clustering, Journal of social and Economic Sta-
tistics, 2(1), 1-13.

Alpaslan, E, Cagcag, O., Aladag, C. H., Yolcu, U. and Egrioglu, E., 2012. A Novel Sea-
sonal Fuzzy Time Series Method, Hacettepe Journal of Mathematics and Statistics,
43, 375-385.

Egrioglu, E., 2012. A New Time Invariant Fuzzy Time Series Forecasting Method
Based On Genetic Algorithm, Advances in Fuzzy Systems, Volume 2012, Article
ID 785709, pp.6.

Egrioglu, E., Aladag, C.H. and Yolcu, U, 2013. A Hybrid Fuzzy Time Series Forecast-
ing Model Based on Fuzzy C-Means and Artificial Neural Networks, Expert Sys-
tems with Applications, 40, 854-857.

Aladag, C.H., Basaran, M.A., Egrioglu E., Yolcu, U. and Uslu V.R,, 2009. Forecasting
in high order fuzzy time series by using neural networks to define fuzzy relations,
Expert Systems with Applications, 36, 4228-4231.

Yolcu, U,, Aladag, C.H., Egrioglu, E. and Uslu, V.R,, 2013. Time series forecasting with
a novel fuzzy time series approach: an example for Istanbul stock market, Journal
of Computational and Statistics Simulation, 83(4), 597-610.

Durukaya, M., 2012. The Relationship between Public Expenditure and Private Con-
sumption in Turkey, Maliye Dergisi (Journal of Finance), 163, 1-12.

220 | WSGE



