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Abstract

Croatian Industrial Confidence Indicator (ICl) is one of the measures of mangers’
sentiment about the economic situation in the Croatian manufacturing industry. Since
2005, the ICI has been calculated in accordance with the harmonised European
Commission methodology as a simple average of three variables: order books, stocks
of finished products and production expectation. It was empirically confirmed that
the ICI could predict the direction of change in industrial production more than one
month ahead. With the aim of raising the ICI forecasting power, this paper proposes
a novel ICI with a different weighting scheme. The empirical analysis is based on
monthly data for three standard ICI subcomponents and industrial production
expressed as year-on-year growth rates. The data set covers the period from May 2008
to February 2019. Data sources were the European Commission and Eurostat. The
newly defined ICIl was constructed by using the nonlinear optimisation approach. The
weights were determined by minimizing the root mean square error (RMSE) in a simple
regression model and by maximizing the correlation coefficient between the ICI and
industrial production for various time lags. The results reveal that the newly defined ICI
performs betterin adapting and following the industrial production growth rate as well
as that the dominant component in the ICl is the production expectation.
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Infroduction

Business and Consumer Survey (BCS) and BCS confidence indicators in different
economic sectors have become an integral part of macroeconomic modelling. Using
confidence indicators, the direction of change in a reference series can be predicted
one or more months ahead. Confidence indicators are calculated for five different
sectors and for the national economy as a whole. There are confidence indicators for
manufacturing industry, construction, retail tfrade, services and for consumers. For
example, change in the industrial confidence indicator predicts change in industrial
production, and so on. The composite indicator on the macroeconomic level is
Economic Sentiment Indicator (ESI). In the last fime, ESI has been postulated as a very
important leading indicator in forecasting changes in overall economic activity.
Methodology for the construction of the European BCS and for the calculation of the
BCS confidence indicators are harmonised by the Joint Harmonised EU Programme of
Business and Consumer survey established in 1961. In accordance with this Program,
Confidence indicators (excluding ESI) are calculated as arithmetic mean of
seasonally adjusted balances of answers to the selected variables in BCS (European
Commission, 2019). For example, Industrial Confidence Indicator (ICl), as the
composite indicator of business climate in manufacturing industry, is an arithmetic
mean of seasonally adjusted balances of three variables: (1) order book, (2)
production expectation and (3) stock of the finished products (with inverted sign),
where balance is a difference between weighted percentages of positive and
negative answers of firms on corresponding questions (variables).

Given the fact that the ICI's forecasting power in predicting the direction of
change in industrial production has been empirically confirmed (Cizmesija, Bahovec,
2009), the main idea and the research goal of this paper is to modify ICI in order to
improve its forecasting power. The hypothesis is that by changing the weights in
calculation of ICI the predictive power of ICI may raise, with respect to year-on-year
industrial production growth rates. The main inspiration in establishing the research
goal was the recent empirical survey conducted by Sori¢ et al. (2016), where authors
determined the new weights in calculation of ESI by minimizing the root mean square
error (RMSE) in simple gross domestic product (GDP) forecasting regression equation
and by maximizing the correlation coefficient between ESI and GDP growth for various
leading times. They estimated the GDP forecasting equations by OLS method where
ESI was the predictor variable for various leading times. The novel weighting scheme
for 26 EU member states improved ESI's forecasting accuracy. With that in mind, in this
paper we propose a novel ICl weighting scheme for Croatian ICI constructed by using
nonlinear optimisation techniques.

This paper is organised as follows: Section 2 presents literature review about using
confidence indicators in forecasting reference macroeconomic variables. Section 3
presents the methodology and empirical data set. The results are presented in section
4, while the last section contains the main conclusion.

Literature review

Recent global economic recession, financial crisis and their impact on the real
economy have particularly inspired many analysts and researchers to investigate the
relationship between economic sentiment and macroeconomic and financial
variables. It is a well-known fact that economic sentiment indicators have the
predictive power formany economic variables, like GDP growth, household spending,
unemployment, income, inflation and many others. This is no surprise since ESI
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expresses economic sentiment in all BCS sectors (manufacturing industry, construction,
retail frade, services sector and among consumers).

The link between BCS confidence indicators and economic activity is widely
covered in the literature, but the existing theoretical and empirical studies of the
economic sentiment mainly have investigated the ESI's predictive power of
macroeconomic variables. Another BCS confidence indicator often used as a
measure of the sentiment is the Consumer confidence indicator (CCl). Itis usually used
as a predictor of the private consumption. Some other indicators, such as confidence
indicators in construction, retail trade and in services sector are used less then ESI and
CCl.

The literature about the relationship between ICI and other macroeconomic
variables is relatively modest, especially in Croatia. In Croatia, in about 60% of cases
changes in ICl correctly predict changes in industrial production with one quarter
ahead. Our assumption that the “predictive power of ICI"” should rise is based on the
results from Sori¢ et al. (2016). Investigation of new ICI’s prediction power is the goal
for the next empirical research. First, it has been known that in many economies (like
in Croatia), ICl is used as a proxy of ESI due to the dominant share of industrial
production in GDP and the fact that CCl can be a proxy for ESI in predicting changes
in GDP or in industrial production. Therefore, the literature review presented below will
be useful in understanding the main research goals presented in this paper.

Cizmesija and Sori¢ (2010) investigated the potentiality of using ESI as a short-term
leading indicator of Croatian GDP and its main components. Using a bivariate VAR,
authors have shown that changes in GDP can be explained more accurately when
we include ESI in models.

Cizmesija et al. (2011) analysed the relationship between ICI and the
manufacturing industry in the EURO Area. Based on regression analyses, the
conclusion was that in accordance with IClI change the direction of change in
industrial production (for the same month) could be predicted. Here one has to have
in mind that business survey results are available before the official stafistics are
published, so the ICI's forecasting power is evident. Cizmesija and Bahovec (2009)
confirmed the possibility of forecasting the direction of change in Croatia’s industrial
production with ICI.

Some empirical studies have shown the existence of the relationship between
consumer senfiment and stock market returns (Jansen, Nahuis, 2003; Akhtar et al.,
2011; Hsu et al. 2011; Bathia et al., 2016; Lolic et al. 2017). Piccoli et al. (2018), by using
the CCI, found that the relationship between conditional variance and stocks returns
is positive (negative) in periods of low (high) sentiment.The exceptions are small
financial markets. They have a negative relationship among the analysed variables.
The sharp growth in the number of less sophisticated investors under these
circumstances is a result of the high impairment of the positive relationship between
risk and return when the sentiment is high. Many recent researches use CCl as a proxy
for the investor sentiment (Piccoli et al., 2018, Aydogan, 2017, Bathia et al., 2016).

Cristiansen et al. (2014) combined sentiment variables with other classical recession
predictors of financial and some other macroeconomic variables. Sentiment variables
showed significant predictive power for US recessions.

Economic sentiment as a predictor of the rate of growth of the real GDP, using
different econometric models, was analysed by Mazurek and Mielcova (2017),
Largent (2017), Osterholm (2014), Utaka (2014), Horvath (2012), Eickmeier and Ng
(2011), Howrey (2001) and many others. All of them derived similar conclusions that
sentiment indicators either by themselves or in conjunction with other leading
indicators can be used in forecasting changes in GDP, with 3 to 6 months lead.
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Sori¢ (2018) investigated the time-varying impact of consumer sentiment on GDP
growth. He conducted the empirical analysis using a state space model with time-
varying coefficients. He used the dataset from 11 New EU Member States. He found
that the impact of consumer sentiment significantly increased in the 2008, which
means that the recent crisis was to some extent psychologically governed. After that,
the impact of consumer sentiment on GDP mostly stabilizes at the earlier levels.

The idea to include sentiment variables in predicting economic activity is not new,
but the scope of application of these variables is wider than before. Shayaa et al.
(2018) investigated linking CCl and social media big data via sentiment analysis. The
results indicated that the significant but very small relationship between CCl and social
media sentiment analysis exists. Brodeur (2018) analysed the effect of terrorism on
consumer sentiment. Guntner and Linsbauer (2018) investigated the effects of oil
supply and demand shocks on the University of Michigan's Index of Consumer
Sentiment. They found that the expectations of future inflation and change in real
household income as well as perceived vehicle and house-buying conditions are the
main transmission channels of oil supply and demand shocks. Cizmesija and Orlovi¢
(2018) investigated the relationship between turnover in retail frade and the CCl on
the aggregate level of the European Union and on the aggregate level of Euro zone.
They concluded that the changesin CCl precede the changes in retail frade turnover
by two (for the EU) and three (for EA) months and that their planned and achieved
changes are significantly correlated.

Yoo (2018) empirically analysed the relationship between Consumer sentiment and
trading volume in Korean Housing Market. The main conclusion is that CCl and trading
volume behave similarly. Based on this conclusion, the suggestion is that the CCI and
trading volume are crucial for policy-making and stability management of the housing
market. Ktopocka (2017) analysed household savings and borrowing behaviour in
Poland in relationship with the consumer confidence. The survey results were twofold.
First, the CCI has predictive power for future household saving and borrowing rates.
Second, consumer confidence index contains information about future household
saving and borrowing rates aside from the information contained in other available
indicators. The link between consumer sentiment and inflation was analysed in
Ahmedl| and Cassou (2016), Biaowolski (2016), Erjavec et al. (2015), Sori¢ (2013) and
many others.

All the papers mentioned above confirmed significant relationship among
economic and consumer confidence on one side and financial, economic and some
other macroeconomic variables on the other side. Therefore, indicators of economic
and consumer confidence can be useful in macroeconomic forecasting.

Methodology

The empirical analyses conducted in this research is based on monthly data for three
standard ICI subcomponents expressed as balances of three BCS questions: order
books, stock of finished products and production expectation. Namely, ICl is an
arithmetic mean of seasonally adjusted balances of three variables: (1) order book,
(2) production expectation and (3) stock of the finished products (used with inverted
sign). Balances per question are seasonally adjusted using Dainties as the seasonal-
adjustment method, developed by Eurostat. Variable of stock of finished products is
inversely correlated with the industrial production as a referent series. Therefore, it is
included in the indicator calculation with an inverted sign. Survey questions used in
preparing balances are given in Table Al. The aim of the research is to construct novel
ICl with the new weighting scheme for Croatian BCS, focused on improving ICI's
forecasting quality. With that in mind, the reference series used in empirical research
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is the industrial production expressed as year-on-year growth rates (in accordance
with the harmonised European BCS methodology). The time series considered refers
to the period from May 2008 to February 2019. The BCS results are obtained from the
European Commission, while the industrial production data are gathered from
Eurostat. It is well known that ICI precedes to the rate of changes in industrial
production (HR_ind_y-o-y index), therefore various prognostic horizons h are
considered (h=0, 1, 2, ..., 12).

The abbreviations used in the paper are as follows: Q2 - order books, Q4 — stock of
finished products and Q5 - production expectation, ICI_HR - standard Industrial
Confidence Indicator, ICI_N — new Industrial Confidence Indicator, HR_ind_y-o-y — the
rate of changes in industrial production.

For each prognostic horizon h, h=0, 1, 2, ..., 12, we consider the simple regression
model:

HR_ind _y—0-Y,, = a+B(WQ, —W,Q, +W,Q, )+, (1)

where a and B are regression parameters and wi, w2 and ws (wi+watws=1) are the
non-negative weights obtained by minimizing the root mean square error (RMSE) for
the simple regression model. Therefore, parameters « and B as well as the weights wi,
w2 and ws are obtained by solving the optimization problem (2):

. 1 & . 2
a’ﬁm!wszs \/T “h_2 ;[HR_lnd_y-o-th —a- ﬂ(leZ,t - W2Q4,t + W3Q5,t ):| (2)
subject to

W +w, +w, =1
W, W,, W, >0

where Qzt, Q4+ and Qs+ denote corresponding values for fime period t. Solving the
optimization model (2) is equivalent to solving the optimization model (3):

. T-h . 2
Y ﬂrvvlvr\) Z[HR_lnd_y-o-th —a- ﬂ(lez,t ~W,Q,  +W,Qs, )} (3)
P oW W Wa
subject to
W+ W, +w, =1
W, W,,W; >0

which is a quadratic optimization problem and therefore easier to solve than
optimization model (2).

Let a”, " wi, wh and wh denote the optimal solution of model (3) for each
prognostic horizon h, h=0, 1, 2, ..., 12. Now, for each h we define the new ICI (ICI_N)
as:

ICI_N"=0"+ 8" (WQ, —wQ, +WjQ; ). (4)

In order to perform the robustness check of the new indicators ICI_Nh obtained by
solving the optimisation problem (3) for different h, we analyse the ICI_Nh's forecasting
power by using the Pearson’s correlation coefficient between ICI_Nh and the rate of
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change in industrial production (HR_ind_y-o-y) for the same forecasting horizons
(h=0,1.2,...,12).

Empirical results

The “optimal” weights for the new ICI_N are obtained by solving the optimisation
problem (2) (3). The results are presented in Table 1 It which brings the values of
al, pt, wit wh and w for different values of prognostic horizonsh, h=0, 1, 2, ..., 12.

Table 1 Optimization results - ICls components weights

F‘r’g‘z‘;ﬂ':g P“’“:‘e*e’ P“’“g‘efe’ Weightw: | Weightw. | Weight ws
0 -5.3176 0.2460 0.0000 0.0000 1.0000
1 -5.3275 0.2473 0.0000 0.0000 1.0000
2 -5.3303 0.2477 0.0000 0.0000 1.0000
3 -5.0869 0.2632 0.0000 0.0802 0.9197
4 -5.3719 0.2573 0.0000 0.0054 0.9945
5 -5.3283 0.2706 0.0000 0.0493 0.9506
6 -5.3563 0.2769 0.0000 0.0550 0.9449
7 -5.3528 0.2792 0.0000 0.0571 0.9428
8 -5.4097 0.2796 0.0000 0.0386 0.9613
9 -5.3854 0.2847 0.0000 0.0557 0.9442
10 -5.3647 0.2903 0.0000 0.0712 0.9287
11 -5.3402 0.2947 0.0000 0.0845 0.9154
12 -5.4298 0.2982 0.0000 0.0638 0.9341

Source: Authors’ calculation.

The standard ICl is defined as the simple average of seasonally adjusted balances
of variables Q2, Q4 and Q5, and therefore here w; = w, = w3 = 1/3. However, if we
want to minimize the RMSE in industrial growth rate, different weighting schemes
should be applied for different prognostic horizons. It is evident that the dominant
component in ICI_N has to be Q5 — production expectation (h=0,1,...,12). Its weight is
equal to 1 in h=0,1,2. After that, w; decreases as the forecasting horizon increases.
Nevertheless, w, is O for all forecasting horizons. It means that Q2 - order books is not
important in calculation of the ICI_N. The presence of variable Q4 - stock of finished
products is minor too. As we can see from Table 1, w, is O for h=0,1,2. After that, w,
slowly increases.

Table 2 shows the correlation of ICI_HR and new index ICI_Nh, h=0,1,...,12, with
HR_ind_y-o-y. As we can see from Table 2, the correlation of ICI_N with HR_ind_y-o-y
is the greatest for h=2. It outperforms the correlation of ICI_HR with HR_ind_y-o-y.
Furthermore, the RMSE for ICI_N2is 43.8052, while the RMSE for ICI_HR is 109.1313, which
shows that ICI_N2 outperforms ICI_HR index regarding the RMSE as well.
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Table 2 Optimization results — correlation ICI_Nh with HR_ind_y-o-y
Correlation of
ICI_Nh with
HR_ind_y-o-y
0.6895
0.6739
0.6917
0.6448
0.5954
0.5153
0.4718
0.4575
0.4036
0.3867
0.3463
0.3013
0.2763

ICI_HR 0.6436

Forecasting
horizon h

o

OINON[W[A|WIN[—

~O

(@)

—_
—_

N

Source: Authors' calculation.
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HR_ind y0y ====- IC_HR  ceevenens 1G_N2

Figure 1 The value of the indicators HR_ind_y-o-y, ICI_HR and ICI_N2 over time
Source: Authors’ creation.

The main conclusion derived from the empirical results presented in Table 1 and
Table 2 can be seen in Figure 1. It is evident that the new ICI with the different
weighting scheme better adapts and follows the HR_ind_y-o-y curve (h=2).

Conclusion

Croatian BCS has been part of the Joint Harmonised EU Programme of Business and
Consumer Surveys since May 2005. Survey methodology and the methodology of
calculating confidence indicators are unified. In accordance with that standard
methodology, confidence indicators in four different sectors are defined as simple
averages of seasonally adjusted balances of selected variables. The ICI as a measure
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of managers’ sentiment in manufacturing industry is a simple average of three
components: order books, stock of finished products and production expectation. All
of them have equal weights in ICI.

In this paper, we proposed the novel weighting scheme in calculation of ICI. The
weights are obtained by using the nonlinear optimisation approach with the goal of
increasing the ICl forecasting power in predicting changes in industrial production. By
minimizing the RMSE in industrial growth rate, we derived different weighting schemes
for different prognostic horizons. The dominant component in ICI has to be the
production expectation. The variable order book is not important in calculation of the
ICl and the presence of variable stock of finished products is of minor importance.

The results obtained confirmed the main hypothesis of this paper that the three
variables of which the ICl is constructed do not have equal weights in calculation of
ICl as a predictor of changes in industrial production rate in Croatia. By changing the
weights in calculation of ICI, the predictive power of ICI may rise, with respect to year-
on-year industrial production growth rates. BSC provide valuable information for
economic short-term forecasting and detecting turning points in the business cycles.
All improvements of the predictive power of the BCS indicator are welcome. The
results of empirical research presented in this paper are part of the ongoing efforts to
produce indicators with better predictive power then the standard one. The limitation
of the survey is relatively small data set in Croatia’s BCS.

Encouraged by the results of our research for Croatia’s ICl, the future research will
be focused on other EU countries and other BCS sectors like construction, retail trade
and services sector.
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Appendix

Table A1 Questions and answers in BCS - Industrial confidence indicator
Q2: Do you consider your current overall order books to be...?
+ more than sufficient (above normal)
= sufficient (normal for the season)
- noft sufficient (below normal)
Q4: Do you consider your current stock of finished products to be...¢
+ to large (above normal)
= adequate (normal for the season)
- to small (below normal)
Q5: How do you expect your production to develop over the next 3 monthse It will
+ increase
=remain unchanged
- decrease
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