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Abstract

The existence of correlation between economical situation of a state and its effects on construction
production is generally known. Thanks to economical and legal specifications of construction field, it
is possible to qualitatively forecast future development based on macroeconomic indicators.
Macroeconomic indicator of GDP (gross domestic product) is used towards mentioned goal. This
paper strives to quantify general relations between these values: GDP and CPI (construction
production index). For this purpose, calculation will be used of correlation coefficient of time series
based on statistical data of every state in the European Union after solving delay hypothesis. These
action create an analytical map of EU with levels of GDP — CPI dependencies which are used in
prediction algorithm. Prediction algorithm is created in relation to levels of GDP - CPI dependences
and data from their times series. Algorithm is tested on creating CPI predictions for year 2012 for EU
states. Output values are compared with real values from Eurostat. Differences are compared with
predictions based on neural network and on random predictions with significantly better results.
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1 INTRODUCTION

People constantly try to predict future development of various events. That is more easily
done in some areas than in others. For example, a lot of effort is devoted to short-term or
medium-term economic development forecasting [1]. Of course, there is always a degree of
uncertainty and degree of subjectivity. Research goal of this paper is to objectively investigate
a relationship between change of macroeconomic indicator GDP (gross domestic product) [2]
representing economical development and change of CPI (construction production index) [3]
in countries of the EU (European Union) and to predict future development based on this
research. With all necessary data gathered, research focuses on analysis and logical
connections between time series of these indicators. We also react to a discussion of
impossibility of future development prediction based on independent relationships between
GDP and construction production. The primary goal of this paper is to create an instrument to
predict future values of CPI based on known past values and values of GDP. Such instrument
would create predictions based on impartial technical analysis without human interference.
Secondary goal is to create an analytical map of Europe with representation of uncertainty of
future construction development in each individual state based on its GDP indicator.

2 LITERATURE REVIEW

The topic of predictive modelling is nowadays the area of high interest [4] as it can be widely
used both in academic and industrial research. In the field of economy, there is a lot of focus
aimed at predictions of GDP [5, 6, 7]. However, there has been reported a limited number of
using predictive modelling and forecasting at the intersection of economy and construction
industry. Especially estimating construction production on macroeconomic level and related
technical analysis can be extremely useful for national and enterprise resources planning. To
our best knowledge only two groups so far have focused on analysis of construction
production time series [8, 9]. Abdelhamid and Everett [8] in their work explored the use of
time series analysis in evaluating the results of experiments to improve construction
productivity. Hwang [9] in more recent paper presented the concept of forecasting
construction costs using time series indexes. We believe that merging the idea of GDP
forecasting and using construction production time series analysis to investigate the
relationship between construction production and economic performance of the region can be
advantageous and can bring even more insight to this emerging interdisciplinary research
field.

3 DATA SOURCE

We obtain necessary data - time series of GDP and CPI from free database Eurostat [10]
which gathers data from individual states of the European Union or from the EU as a single
unit [11]. It should be noted that this paper focuses only on states of the European Union and
not on European states in general. European states outside the EU (e.g. Norway, Switzerland)
share specific aspects, followed naturally from their not being in the EU, which could distort
final results. Methodology of gathering data for the database is under Eurostat management,
and it is available for inspection at their web pages, see references.

Two time series were chosen for further analysis: Construction production index - annual
data - percentage change [12] and Real GDP per capita, growth rate and totals [13]. Both
tables are modified to represent percentage change in index compared to previous year, see
table 1.
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Tab. 1: Example of data from Eurostat database representing whole EU — change in index
(%) of GDP and CPI. (source: Eurostat)
1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

GDP 170 26| 28 28 36 19 1 1 21 16/ 29 28 -01] -46] 18 14 —0,5|
CPI -26| -06/] 05 31 28 09 06| 20 09 25 33 26/ -29 -78 -35 13

See figure 1, there is an example of two time series from the database presented in line chart
(data from the whole EU). We can see that there is an obvious similarity in tendency of both
series. However, the goal is to analyse this similarity using statistical methods [14].
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Fig. 1: Line chart of time series of change in GDP and change in CPI (data from whole EU)
(source: Eurostat)

4 CORRELATION OF TIME SERIES

This section focuses on methods of analysis of relationship between development of GDP and
CPI. The dependency rate between these values is represented by correlation coefficient.
Correlation coefficient is a dimensionless number. Its values are expected to range from zero
to one, numbers near value one represent strong dependence and numbers near zero represent
low dependence or independence. Values from minus one to zero, representing negative
dependence, are possible but not expected. For calculation we use formula for correlation (1)
and covariance (2) [14].

N CGij)
RG,j) = —ef) 1
RN T T ) 0
CGi,j) = Ef[i — ED][ - EQ)] )

Where i and j are time series vectors, R is correlation coefficient and C is covariance
coefficient.

According to general principles, we can interpret values of correlation coefficient R as follows
[15]:

R <0.36 — low or weak correlations (dependences)
R € (0,36; 0,67) — modest or moderate correlations (dependences)
R>0,67 — strong or high correlations (dependences)

4.1  Time shift (lag) of time series — delay hypothesis

For purpose of analysis using correlation coefficient, there is a need to analyze time series
without any time shift (lag) [16]. Original hypothesis was that there would be a certain time
shift in all GDP-CPI time series. Assumption was that there would be at least a year’s delay of

154



International Scientific Conference People, Buildings and Environment 2014 (PBE2014)
15-17 October, 2014, Krométiz, Czech Republic, www.fce.vutbr.cz/ekr/PBE

construction production when compared to GDP. This conclusion is based on logical
reasoning of known characteristics of construction industry: long term investment, long term
planning, and backlog of work for construction company, etc. [17] therefore long reaction
time of industry development to economical events (e.g. economical growth or economical
crisis). This idea is also supported by visualized data from some countries (e.g. Czech
Republic), figure 2. This hypothesis needs to be tested.
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Fig. 2: Time series with time shift (top) and compensation of time shift (bottom). Example of
data Czech Republic. (source: author)

We calculate correlation coefficients for time series of GDP and CPI with and without
artificial time shift (which was meant to compensate for the originally present time lag). This
is done in case of ten randomly chosen EU states. Time shift was set to one year, see figure 2.
Results are shown in table 2.

Tab. 2: Correlation coefficient of time series with and without compensation of a time shift
(source: author)

Correlation coefficient
Without time shift-y With 1yearshift-z

Belgium 0,1176 -0,0007
Germany 0,3546 0,2696
United Kingdom 0,7207 0,0686
Czech Republic 0,5449 0,7105
Poland 0,7309 0,5554
Spain 0,7460 0,7131
Sweden 0,6159 0,3319
Finland 0,8743 -0,0049
Slovakia 0,6915 0,3550
Portugal 0,3760 0,3579

Average 0,5772 0,3356
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Results indicate that the original hypothesis is wrong and that time series have more
significant correlation without time shift compensations. Question is whether this result can
be applied for every state of interest (the remaining EU states). We confirm that by using a
pair t-test [18]. Result of this test proves that our original assumption is not correct at a
significance level of 5% and that our time series have higher correlations without any time
shift. This result does not fit data from the Czech Republic, but t-test shows this discrepancy
as insignificant in the big picture. Therefore, in further calculations we use the correlation
without time shift compensations.

4.2  Correlation coefficient of change in GDP and CPI time series

This paper uses time series of GDP and CPI change of every state of EU, from the starting
point of circa twenty years ago. Data for calculations is represented by two vectors of time
series GDP and CPI from one country of the EU. These vectors share the same length, as
appropriate when the same stretch of time is considered. Calculation is done according to
formula (1) and (2). Table 3 shows the calculated correlation coefficients.

Tab. 3: Correlation coefficients of change in GDP and in CPI in EU countries (source:

author)
Belgium 0,1176 |France 0,5618 |Austria 0,2550
Bulgaria 0,7427 |ltaly 0,7223 |Poland 0,7309
Czech Republic 0,5449 |Cyprus 0,9084 |Portugal 0,3760
Denmark 0,3501 |Latvia 0,8779 |[Romania 0,7029
Germany 0,3546 |Lithuania 0,9104 [Slovenia 0,7200
Estonia 0,8244 |Luxembourg 0,2504 [Slovakia 0,6915
Ireland 0,8102 |Hungary 0,5897 |Finland 0,8743
Greece 0,5083 [Malta 0,5346 |Sweden 0,6159
Spain 0,7460 [Netherlands 0,5236 |United Kingdom 0,7207

We can see the dependency rate between GDP and CPI in individual states using the
correlation coefficient in table 3. By the definition of correlation coefficient [15], we can
assume that there is a possibility of prediction of one time series based on a development of
the other one in countries with high correlations. The question is which one of them is the
cause and which one is the effect. This question was answered in other paper with the
following conclusion: ,,GDP tends to lead the construction flow, not vice versa“[19].
Combined with this conclusion, we can assume that there is a possibility of prediction of CPI
development based on data from GDP. This idea is discussed further in the next section.

For better interpretation of results, an analytical map was created to illustrate the rate of
correlation in individual states of European Union. The rate of correlation is related to color
scale in the map, for example see figure 3. The whole map is featured in appendix 1.

Where correlation is low, the development of construction production is believed to be run by
different causes than GDP. Those may be: political interference, impact of international trade
or atypical features of construction industry in the country [20]. These ideas should be
subjected to further research, as they reach beyond the scope of this paper.

4.3  Prediction of CPI change based on GDP development

For prediction of development in construction production we use data which state the
development of GDP. For calculations of coefficients in previous chapter we used time series
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of GDP up to year 2011. Now we are using data of GDP including also years 2012, 2013
(prediction) and 2014 (prediction).

Prediction algorithm uses Monte Carlo method [21]. After simulation, using pseudorandom
number generator, of future development of construction production (separately for years
2012, 2013 and 2014), correlation coefficient between GDP and construction production is
calculated with new simulated values. This new coefficient is compared to the original
coefficient in table 3. If it fits confidence interval [22] (formula (3)), predicted values are
noted. This algorithm gives us a set of possible future developments. This set is transformed
to three values: maximum value, minimum value and mean value. Diagram of algorithm is
presented in figure 4.

Italy
Finland
Austria
r=0,2550 D r=0,7223
[

q r=0,8743

Fig. 3: Example of an analytical map with correlation coefficients of individual countries.
More in appendix 1 (source: author)

R; € (Rimin; Rimax) 3)

Confidence interval (Ry,,in:R1max) OF correlation coefficient R, is calculated using Fishers
transformation [23]; therefore, formula (4) is implied.

leax - Rl * Rl - lein (4)
Confidence interval has a significance level a = 0,45; therefore, predicted result are

distributed as it is suggested in figure 5.

rok 1 2 10

3 4 5 6 7 8 9
HDP I2.l| 3.8 I 1.6 |2.8 |3.8 |-1.2 I 6.2 |4.5| 1.6 I2.D

R1 = correlation coefficient. Year1-9
R2 = correlation coefficient. Year1- 10

Isp |2.3| 1.5| 2.3 I 2.5 |4.2 I -CI.2I 5.2 |3.8| 4.5 |3.5

Yes No
Value noted -::::: :::;— Value droped

Fig. 4: Algorithm of predictions based on correlation coefficient (timeline is approximate)
(source: author)

Pseudorandom
number generator
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Finland was chosen as an example for prediction of future development in CPIl. Reason of
choosing Finland is its high correlation coefficient (R = 0,8743). Though the correlation
coefficient is high, there is an inaccuracy. That is the reason why results are distributed
according to the diagram in figure 5. See predictions in figure 6.

There are different scenarios of development (maximum, minimum and mean values) of CPI
for 2012 at figure 6. Prediction for the following period, year 2013, must be based on a
specific scenario from previous periods.
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Fig. 6: Predictions of change in CPI for Finland year 2012 (source: author)

It is important to say about these predictions that in case of using presented algorithm it is
necessary to consider scenarios from previous prediction period. Otherwise, it may lead to
misinterpretation of results. See figure 7. Future predictions based on correlation coefficient
have tendencies to compensate for past extreme values. There are predictions for Finland in
2013 as an example in appendix 2.
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Predictions - year 1 Predictions - year 2 . Maximum values
. @ Minimum values
.S
Fig. 7: Presentation of possible compensations in future predictions two years ahead (source:
author)

Correlation coefficient has a significant role in predicting result. A similar prediction was
calculated for Austria, which is a country with low correlation coefficient (R = 0,2550).
Prediction for 2012 is illustrated in figure 8. It is obvious that the trend of construction
production does not match development of GDP, and future tendencies are quite uncertain.
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Fig. 8: Prediction of CPI for Austria 2012 based on low correlation coefficient (source:
author)

5 DISCUSSION

To discuss quality of prediction algorithm and predicted values, predictions are created for
year 2012 (mean values). Predictions are created only for EU states with strong CPI — GDP
correlation (R >0,670). These values are compared to real CPI values from Eurostat for
2012. See table 4.

Mean and standard deviations from absolute value of difference between prediction and real
values are calculated with results of 7,71 for mean deviation and 5,47 for standard deviation.
These values are compared with completely random predictions and predictions based on
neural network. Results are shown in table 5.

Predictions based on neural network were created using Feedforward[24] neural network
structure with Back—propagation learning algorithm [25] specifically Sequential order
incremental training w/learning function with 2000 learning cycles. Neural network
processed the same data input information as presented algorithm.
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Tab. 4: Prediction of CPI for Austria 2012 based on low correlation coefficient (source:

author)
Presented Presented
State Eurostat . State Eurostat .

algorithm algorithm
Bulgaria -0,50% 5,15%|Lithuania -7,20% -0,64%
Czech Republic -7,40% -2,95% |Hungary -6,70% -5,10%
Estonia 18,40% 0,61%|Netherlands -8,10% -4,56%
Ireland -5,40% -9,61%|Poland -4,70% -0,37%
Spain -5,40% -8,23%|Slovenia -16,90% -9,75%
Italy -13,90% -0,87%|Slovakia -12,20% -5,15%
Cyprus -22,10% -5,66% |Finland -1,50% -0,47%
Latvia 14,10% 5,07%|United Kingdom -7,70% -5,95%

Tab. 5: Comparison of prediction results (source: author)

Presented Neural Random

algorithm network | predictions
Mean error 7,71 8,68 14,13
Standard deviation of error 5,47 6,75 7,37

Results show that presented algorithm reaches more accurate results than other two
alternatives.

6 CONCLUSION

This paper investigates correlation between development of GDP and construction production
over a period of the last 20 years. It finds out that correlation between these time series must
be calculated without time shift, in spite of original assumptions. It proves that this principle
works for the whole Europe with statistically insignificant exception of a few states.

The paper demonstrates a table of correlation coefficients of all states of European Union.
These results are presented in an analytical map with colour scale. This map helps to decide if
there is a possibility of predicting future construction production based on development of
economy represented by GDP. On the map, we can see large areas with low correlation e.g.
Benelux, Germany, Austria etc. They represent quite unpredictable development in these
areas and it should be a subject of further research.

An algorithm was created for forecasting future development of construction production
based on development of GDP. This idea is projected onto the example of Finland. Calculated
results from other countries are compared with real values from Eurostat and compared with
predictions made by using neural network and random forecasting. Presented algorithm shows
significantly better results.
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APPENDIX 1 - CORREALATION COEFFICENTS OF GDP-CPI TIME SERIES

(source: autor)
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APPENDIX 2 — PREDICTIONS OF CPI CHANGE FOR FINLAND IN 2013
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