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Abstract

The objective of this paper is to compare different forecasting methods for the
short run forecasting of Business Survey Indicators. We compare the forecasting
accuracy of Artificial Neural Networks (ANN) vs. three different time series
models: autoregressions (AR), autoregressive integrated moving average
(ARIMA) and self-exciting threshold autoregressions (SETAR). We consider all
the indicators of the question related to a country’s general situation regarding
overall economy, capital expenditures and private consumption (present
judgement, compared to same time last year, expected situation by the end of
the next six months) of the World Economic Survey (WES) carried out by the
Ifo Institute for Economic Research in co-operation with the International
Chamber of Commerce. The forecast competition is undertaken for fourteen
countries of the European Union. The main results of the forecast competition
are offered for raw data for the period ranging from 1989 to 2008, using the last
eight quarters for comparing the forecasting accuracy of the different
techniques. ANN and ARIMA models outperform SETAR and AR models.
Enlarging the observed time series of Business Survey Indicators is of upmost
importance in order of assessing the implications of the current situation and its
use as input in quantitative forecast models.
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1. Introduction

Business surveys provide detailed information about agents’ perceptions and
expectations. The fact that survey results are based on the knowledge of the respondents
operating in the market and are rapidly available makes them very valuable for
forecasting purposes and decision-making. Survey results are presented as weighted
percentages of respondents expecting a variable to go up, to go down or to remain
unchanged. The qualitative nature of survey results has often lead to quantify them
making use of business survey indicators, such as the balance statistic.

The objective of the present paper is to compare different times series methods to
Artificial Neural Networks for the short-run forecasting of business survey indicators.
As far as we know, there are only a few studies that conduct forecast competitions for
the case of business survey indicators (Clar et al., 2007; Ghonghadze and Lux, 2009).
Such an exercise helps to analyse which forecasting technique presents the best
behaviour (Hendry and Clements, 2003; Stock and Watson, 2003). The usefulness of
this comparison is twofold. First, it will allow having the best qualitative forecast to
predict business cycle turning points (Diebold and Rudebusch, 1989). Second, it will
allow that the best forecast is used as an explanatory variable in quantitative forecasts
models (Biart and Praet, 1987; Parigi and Schlitzer, 1995) or when quantifying Business
Survey data (Claveria et al., 2006).

In order to compare different times series methods to Artificial Neural Networks for
the forecasting of Business Survey Indicators we used the data of the World Economic
Survey (WES) carried out by the Ifo Institute for Economic Research in co-operation
with the International Chamber of Commerce (ICC). We used the raw data from all the
indicators of the question related to a country’s general situation regarding overall
economy, capital expenditures and private consumption (present judgement, compared
to same time last year, from now on - expected situation by the end of the next six
months) for fourteen countries of the European Union. The data set included 18
quarterly indicators and 18 quarterly composite indicators (balance and weighted
balance statistics) for each country for the period ranging from 1989 to 2008, giving a
total of 80 observations per variable.

The structure of the paper is as follows. Section 2 briefly describes the business

surveys indicators used in the paper. Section 3 presents our methodological approach,



including both time series models and Artificial Neural Networks models. The data set
and the results of the forecasting competition are described in Sections 4 and 5. Last,

conclusions are given in Section 6.

2. Business Surveys Indicators

Business surveys have become an essential tool for gathering information about a wide
range of economic variables, as they provide very detailed information about agents’
perceptions and expectations. The fact that survey results are based on the knowledge of
the respondents operating in the market and are rapidly available makes them very
valuable for forecasting purposes and decision-making. Survey results are presented as
weighted percentages of respondents expecting a variable to go up, to go down or to
remain unchanged. As a result, tendency surveys contain two pieces of independent

information at time 7, R, and F,, denoting the percentage of respondents at time 7 —1

expecting an economic variable to rise or fall at time 7. The information therefore refers
to the direction of change but not to its magnitude.

The qualitative nature of survey results has often lead to quantify them making use of
business survey indicators. The most commonly used indicator to present survey results
is the balance statistic ( B,=R, - F,). Assuming that the expected percentage change in a
variable remains constant over time for agents reporting an increase and for those
reporting a decrease, Anderson (1951) defined the balance statistic as a measure of the

average changes expected in the variable. As the balance statistic (B,) does not take
into account the percentage of respondents expecting a variable to remain constant (C,),
Claveria (2010) proposed a non-linear variation of the balance statistic (WB,, weighted

balance) that accounts for this percentage of respondents:
_ Rt _Ft _ Bt (1)

WB, = =
R +F 1-C,

Weighting the balance statistic by the proportion of respondents expecting a variable to

rise or fall allows discriminating between two equal values of the balance statistic

depending on the percentage of respondents expecting a variable to remain constant.
Since the objective of the paper is to assess alternative methods and models for

forecasting business survey indicators, we have considered raw data for the percentage



of respondents expecting an economic variable to rise (R,), the percentage of
respondents expecting an economic variable to fall (F)), the balance statistic (B,) and

the weighted balance statistic (WB,).

3. Methodology-Forecasting Models

In order to assess alternative methods and models for forecasting Business Surveys
Indicators described in Section 2, we used both time series models and artificial neural

networks (NN).
3.1 Time series models

Time series models explain a variable with regard to its own past and a random
disturbance term. We chose three different time series models to obtain forecasts for
Business Surveys Indicators: autoregressions (AR), integrated moving-average models
(ARIMA) and self-exciting threshold autoregressions models (SETAR). In order to
determine the number of lags that should be included in the model, we have selected the
model with the lowest value of the Akaike Information Criteria (AIC) considering
models with a minimum number of 1 lag up to a maximum of 8 quarters (including all
the intermediate lags)

We first considered autoregressions. AR models explain the behaviour of the

endogenous variable as a linear combination of its own past values:
X, =¢x,_ +@,x, _,+...+ ¢px,_p + &, (2)
ARIMA models were first proposed by Box and Jenkins (1970). The general
expression of an ARIMA model is the following:

e,

o (L )plenear ©
where ®S(L‘V): (1 -0.L'-0,L" —...—@QSLQ“) is a seasonal moving average
polynomial, @ (LS ) = (1 -0 L -, L. -D,L" S) is a seasonal autoregressive
polynomial, 6(L) = (1 -0,L' -0,1> —...—0 qu) is a regular moving average polynomial,

and d)(L) = (1 —¢ L' -6, L7 —..— L ) is a regular autoregressive polynomial, A is the



value of the Box-Cox (1964) transformation, A” is the seasonal difference operator, A’

is the regular difference operator, S is the periodicity of the considered time series (S=4

for quarterly data), and ¢, is the innovation which is assumed to behave as a white

noise.
As Clements and Smith (1999) and Hansen (1997) stated, there seems to be a
cyclical asymmetry in the behaviour of most economic variables. A Self-Excited

Threshold Autoregressive model (SETAR) for the time series x, can be summarised as
follows:
B(L)x, +u, if x,_ , <x 4)
S(Lys, +v, if x,_, >x (5)
where u, and v, are white noises, B(L) and {(L) are autoregressive polynomials, the

value k is known as delay and the value x is known as threshold. This two-regime self-
exciting threshold autoregressive process is estimated for each indicator and the Monte
Carlo procedure is used to generate multi-step forecasts. The values of the threshold are

given by the variation of the analysed variable.

3.2 Atrtificial Neural Networks models (ANN)

In recent years, the study of artificial neural networks (ANN) has aroused great interest
as they are universal function approximators capable of mapping any linear or non-
linear function (Kock and Terdsvirta, 2011; Cybenko, 1989; Funahashi, 1989; Hornik,
Stinchcombe and White 1989; Wasserman, 1989). ANN’s flexibility in function
approximation make them very useful in tasks involving pattern classification,
estimating continuous variables and forecasting (Nakamura, 2005; Qi, 2001; Adya and
Collopy, 1998; Swanson and White, 1997; Kaastra and Boyd, 1996; Hill, Marquez,
O’Connor and Remus, 1994). ANN have been applied in many fields (Song and Li,
2008), but never before for the short-run forecasting of Business Survey Indicators.
ANN models have two learning methods: supervised and unsupervised. The neuronal
network model most widely used in time series forecasting is the multi-layer perceptron
(MLP) method. The MLP is a supervised neural network based on the original simple
perceptron model, but with additional hidden layers of neurons between the input and

output layers that increases the learning power of the MLP. The number of hidden



neurons determines the MLP network’s capacity to learn (Palmer, Montafio and Sesé,
2006). Selecting the network which performs best with the least possible number of
hidden neurons is most recommended (Masters, 1993).

Due to their flexibility, ANN lack a systematic procedure for model building.
Therefore, obtaining a reliable neural model involves selecting a large number of
parameters experimentally through trial and error. Kock and Terédsvirta (2011) and
Zhang, Patuwo and Hu (1998) review the main ANN modelling issues: the network
architecture (determining the number of input nodes, hidden layers, hidden nodes and
output nodes), the activation function, the training algorithm, the training sample and
the test sample, and the performance measures.

In this work we used the MLP specification suggested by Kuan and White (1994):

X, = f(ﬁo +_1‘§—:1 /ng(xt—lgoii + (ﬂoj )J

{golj,i:l,---,p,j:l,---,q} (6)
{ﬁj,jzl,...,q}
where £ is the output function; g is the activation function; p is the number of inputs;
g is the number of neurons in the hidden layer; x, is the output; x, | is the input; S,
are the weights connecting the output with the hidden layer and ¢, are the weights
connecting the input with the hidden layer. We chose an MLP (1;3) architecture that
allowed us to represent the possible non-linear relationship between x, and x, . The

model is illustrated in Fig. 1.

Figure 1. Multilayer feed-forward MLP(1;3)



Following Bishop (1995) and Ripley (1996), we divided the collected data into three
sets: training, validation and test sets. This division seeks to improve the performance of
the network with new cases. To achieve a more reliable and accurate result, a four year
period served as the training set. Based on these considerations, the period from 1989.1
to 2001.IV was selected as the training set (66%), 2002.1 to 2006.1V as the validation
set (25%) and 2007.1 to 2008.1V as the testing set (10%) (see Fig. 2):

ﬁj ﬁ Train
\1} 7

Yalidation

Test

Figure 2. Train, Validation and Test sets

These models were implemented using Matlab™ and its Neural Networks module.
Inputs were normalised in order to facilitate the learning process. We used Levenberg-
Marquardt backpropagation in order to calculate the weights in each of the iterations

based on the minimization of the mean squared error.

4. Data

For our analysis, we used information from the World Economic Survey (WES) carried
out quarterly by the Ifo Institute for Economic Research in co-operation with the
International Chamber of Commerce. The WES assesses worldwide economic trends by
polling organisations worldwide on current economic developments in their respective
countries, allowing for a rapid assessment of the economic situation prevailing around
the world. In April 2011, 1107 economic experts in 120 countries were polled.

The survey questionnaire focuses on qualitative information: assessments of a

country’s general situation and expectations regarding important economic indicators.



The survey results are published as aggregated data. The aggregation procedure is based
on country classifications. Within each country group or region, the country results are
weighted according to the share of the specific country’s exports and imports in total
world trade (CESifo World Economic Survey, 2011). For a detailed analysis of WES
data see Stangl (2008).

The design of the forecast competition was based on all the information available for
the first three questions of the WES: the country’s general situation regarding overall
economy, capital expenditures and private consumption. For each question we in turn
used three different kind of expectations stated by the agents: their present judgement,
their judgement compared to same time last year and their expectation by the end of the
next six months. The dataset analysed includes therefore 36 indicators for each country:

four indicators (R,, F,, B, and WB,) for each of the three different expectations

(present judgement, compared to same time last year, expected situation by the end of
the next six months) of each question. The forecast competition is undertaken for
fourteen countries of the European Union: Austria, Belgium, Denmark, Finland, France,
Germany, Greece, Ireland, Italy, the Netherlands (NL), Portugal, Sweden and the
United Kingdom (UK).

Before showing the results of the forecast competition, in Tables 1a, 1b, 2a, 2b, 3a
and 3b we present the main descriptive statistics for the data set. The statistical
properties of Business Survey Indicators differ substantially from those of the main
macroeconomic variables. Survey results are presented as weighted percentages of
respondents expecting a variable to go up, to go down or to remain unchanged.

As a result, business survey indicators can only take values between 0 and 100. As it
could be expected, in all countries aggregate business survey indicators (the balance
statistic, B,, and the weighted balance, WB,) show higher dispersion than R, and F,,
denoting the percentage of respondents at time #—1 expecting an economic variable to
rise or fall at time 7. Therefore, aggregate business survey indicators tend to show lower
levels of kurtosis than R, and F, in most countries. Regarding the coefficient of
skewness, aggregate business survey indicators also tend to show negative values more

often than R, and F, for all three questions in most countries.



Table 1a. Descriptive statistics 1:1989 to IV:2008. Raw data

This country’s general situation regarding overall economy

Present judgment

Compared to same time

From now on: expected
situation by the end of the

last year next 6 months

R, F B WB, R F B WB R F B WB,
Austria
Mean 33.0 113 217 319 382 273 109 16.8 28.6 19.8 8.8 20.8
Std. Dev. 335 183 457 777 30.1 293 554 76.6  23.0 219 409 75.7
Skewness 0.8 1.6 0.1 -0.6 0.4 09 -0.2 -0.3 0.6 1.0 -0.2 -0.4
Kurtosis 2.3 4.1 2.1 1.8 1.9 2.7 2.0 1.5 2.5 2.8 2.2 1.7
Belgium
Mean 23.1 19.9 3.2 -1.0 304 303 0.1 -0.2 309 16.8 14.0 25.1
Std. Dev. 272 238 458 90.2 293 283 547 84.6 26.1 203 422 73.0
Skewness 1.0 1.1 0.1 0.0 0.6 0.5 0.0 0.0 0.7 1.3 -0.1 -0.5
Kurtosis 2.8 33 2.1 1.2 2.2 1.9 1.7 1.2 2.6 3.9 2.4 1.8
Denmark
Mean 46.0 9.8 36.1 553 42,1 144 277 414 302 12,6 17.6 28.8
Std. Dev. 319 209 47.0 73.0 302 202 457 734 282 17.8 40.2 79.0
Skewness 0.2 3.0 -0.8 -1.4 0.1 1.4 -0.5 -0.9 0.6 1.3 -0.1 -0.6
Kurtosis 20 119 3.6 3.3 1.9 4.1 2.3 2.2 2.5 3.6 2.4 1.8
Finland
Mean 40.1 19.7 204 375 418 27.7 14.1 22.1 390 16.7 223 37.3
Std. Dev. 38,0 359 652 81.3 32.8 333 62.0 79.8 28.0 223 465 71.7
Skewness 0.4 1.5 -0.6 -0.8 0.3 1.0 -04 -0.4 0.4 14 -04 -0.8
Kurtosis 1.6 3.5 2.2 2.0 1.9 2.8 2.0 1.5 2.5 3.7 2.5 2.3
France
Mean 17.1  30.7 -13.6 -30.6 30.8 31.7 -0.9 43 356 152 204 39.0
Std. Dev. 253 285 488 82.8 28.7 31.7 56.7 78.5 223 182 375 65.4
Skewness 1.4 0.6 0.4 0.7 0.9 0.7 0.0 -0.1 0.4 1.4 -05 -0.8
Kurtosis 34 2.2 2.2 1.7 2.8 2.2 2.0 1.4 2.5 4.8 2.7 2.3
Germany
Mean 247 299 52 -102 418 293 125 182 425 155 270 434
Std. Dev. 328 328 59.6 88.2 329 324 62.8 80.5 263 19.6 425 62.4
Skewness 1.1 0.7 0.2 0.2 0.2 0.8 -0.3 -0.3 0.2 1.4 -04 -0.9
Kurtosis 2.6 1.9 1.8 1.2 1.6 2.2 1.7 1.4 1.8 3.9 2.3 2.3
Greece
Mean 14.1 378 -23.7 -238 31.7 19.8 118 104  41.0 8.6 323 48.3
Std. Dev. 253 409 57.6 80.7 34.6 25.6 53.7 829 334 153 435 68.6
Skewness 2.2 0.7 0.1 0.4 0.8 1.1 0.1 -0.2 0.4 25  -02 -1.0
Kurtosis 6.8 2.2 2.4 1.6 2.3 2.9 2.0 1.4 1.9 10.0 2.4 2.6

Note: Std. Dev. - Standard deviation.



Table 1b. Descriptive statistics [:1989 to IV:2008. Raw data

This country’s general situation regarding overall economy

Present judgment

Compared to same time

From now on: expected
situation by the end of the

last year next 6 months

R F B WB R F B WB R F B WB,
Ireland
Mean 602 52 550 658 429 225 205 360 309 147 162 429
Std. Dev. 393 128 476 699 295 30.6 555 772 203 223 377 720
Skewnes 03 33 07 -18 02 12 -06 -07 04 17 -08 -08
Kurtosis 15 148 24 45 19 31 22 19 26 55 34 2.1
Italy
Mean 13.0 381 -252 -33.5 304 345 -41 -65 350 142 208 355
Std. Dev. 17.6 31.1 453 782 287 296 546 738 21.7 140 328 62.7
Skewnes 14 04 0.1 07 07 07 00 02 04 1.1 -02 -08
Kurtosis 40 20 20 18 22 22 19 15 27 42 25 2.5
NL
Mean 385 169 21.6 31.8 368 261 106 210 308 18.0 12.8 268
Std. Dev. 345 258 554 871 299 309 57.1 822 281 237 460 794
Skewnes 3 12 03 06 05 09 -03 -04 09 13 -01 -05
Kurtosis 15 28 1.8 16 23 24 19 14 25 36 22 1.6
Portugal
Mean 112 305 -193 284 219 333 -114 95 269 124 146 253
Std.Dev. 186 30.5 44.1 893 228 327 50.8 814 275 181 387 737
Skewnes 14 04 02 06 08 07 -0.1 02 09 14 01 -05
Kurtosis 37 1.6 1.8 15 24 22 19 14 33 41 27 1.9
Spain
Mean 255 220 35 124 304 335 3.1 -1.1 219 221 02 -03
Std. Dev. 256 325 520 864 312 323 592 777 210 209 375 687
Skewnes 06 16 -06 -03 11 07 01 -01 14 12 02 0.2
Kurtosis 20 41 25 13 35 20 20 14 45 38 30 1.7
Sweden
Mean 306 295 12 06 418 31.6 101 121 332 199 133 192
Std. Dev. 36.6 37.1 66.5 887 377 352 685 832 282 236 466 717
Skewnes 08 1.0 -0.1 00 03 08 02 -03 05 14 -03 -05
Kurtosis 21 24 1.8 13 17 23 1.7 14 23 45 25 1.7
UK
Mean 263 222 41 218 322 358 36 -1.7 276 263 13 24
Std.Dev. 252 335 526 817 287 313 575 773 229 240 428 698
Skewnes 07 15 07 -05 08 04 02 0.1 08 08 0.0 0.1
Kurtosis 24 36 25 16 25 18 1.7 13 26 26 22 1.6

Note: Std. Dev. - Standard deviation.



Table 2a. Descriptive statistics 1:1989 to IV:2008. Raw data

This country’s general situation regarding capital expenditures

Present judgment

Compared to same time

From now on: expected
situation by the end of the

last year next 6 months

R, F B WB, R F B WB R F B WB,
Austria
Mean 245 146 100 21.5 30.1 234 67 146 219 174 45 196
Std. Dev. 263 212 414 81.0 250 252 464 793 165 20.1 322 76.8
Skewness 1.1 1.4 0.0 -0.3 0.8 0.9 -0.1 -0.3 03 1.3 -0.7 -0.5
Kurtosis 33 3.9 2.4 1.5 3.1 28 2.2 1.5 2.1 35 2.7 1.7
Belgium
Mean 219 242 23 44 268 28.0 -1.2 45 253 183 7.0 19.7
Std. Dev. 245 245 445 827 243 2777 482 79.1 21.7 222 393 784
Skewness 1.0 0.7 0.1 0.1 0.6 0.8 -0.2 -0.1 0.8 1.1 -0.2 -0.4
Kurtosis 2.8 2.2 2.0 1.4 2.1 2.3 1.9 14 28 3.1 23 1.5
Denmark
Mean 259 234 2.5 53 229 162 6.7 199 262 13,6 126 254
Std. Dev. 28.5 26.1 49.1 848 20.0 202 347 793 255 181 373 805
Skewness 1.1 0.9 0.1 -0.1 0.6 1.0 -0.2 -0.3 1.3 1.3 03 -0.5
Kurtosis 3.3 2.5 2.3 1.4 2.7 3.1 24 1.6 55 40 33 1.7
Finland
Mean 232 30.1 -6.9 -0.1 345 306 39 11.0 32.1 193 128 25.6
Std. Dev. 241 352 542 855 281 321 572 799 248 227 441 77.1
Skewness 0.8 1.0 -0.4 0.0 0.4 0.8 -0.3 -0.2 0.6 1.1 -0.3 -0.6
Kurtosis 2.6 2.6 2.1 1.3 2.2 2.5 1.9 1.4 3.0 33 23 1.8
France
Mean 151 373 222 -37.5 222 287 -64 -2.8 30.1 12.5 17.5 351
Std. Dev. 229 304 489 789 229 286 477 804 206 139 31.6 67.0
Skewness 1.5 0.4 0.4 0.9 1.1 0.8 0.0 0.1 0.6 1.4 -0.2 -0.7
Kurtosis 4.0 2.0 2.3 2.1 33 22 2.0 14 28 47 2.6 2.1
Germany
Mean 257 359 -102 -153 37.8 29.0 88 155 390 164 226 37.7
Std. Dev. 32.1 333 608 853 30.1 313 588 784 229 183 39.1 639
Skewness 1.0 0.4 0.3 0.3 0.3 09 -03 -04 0.0 1.2 -0.5 -0.8
Kurtosis 2.6 1.6 1.7 1.3 1.7 24 1.8 14 1.8 3.6 22 2.2
Greece
Mean 13.0 348 -21.8 -259 199 179 2.0 2.4 308 7.8 23.0 486
Std. Dev. 178 333 463 81.7 220 221 370 777 243 13.0 320 65.6
Skewness 1.1 0.6 -0.1 0.5 0.8 1.1 0.0 0.0 09 1.9 0.1 -1.0
Kurtosis 2.9 2.0 1.8 1.6 2.4 3.1 22 1.5 3.7 63 3.2 2.8

Note: Std. Dev. - Standard deviation.



Table 2b. Descriptive statistics [:1989 to IV:2008. Raw data

This country’s general situation regarding capital expenditures

Present judgment

Compared to same time

From now on: expected
situation by the end of the

last year next 6 months

R F B WB R F B WB, R F B WB,
Ireland
Mean 420 13.8 282 417 368 195 173 353 280 133 148 422
Std. Dev. 30.5 18.8 43.7 742 268 263 47.8 73.6 203 198 347 73.1
Skewnes 00 14 -05 09 03 14 -06 -07 06 1.7 -07 -08
Kurtosis 17 45 24 24 20 39 26 21 30 56 35 2.3
Italy
Mean 82 402 -320 -484 244 312 -67 72 289 142 146 29.7
Std. Dev. 12.1 287 380 699 224 269 460 721 188 144 303  65.1
Skewnes 18 03 02 12 08 07 -0.1 00 04 12 -02 -0.6
Kurtosis 55 20 2.1 29 28 23 21 15 27 42 26 2.1
NL
Mean 302 233 69 191 304 283 2.1 6.8 294 205 89 194
Std. Dev. 283 294 538 902 287 288 53.6 8.1 246 226 430 769
Skewnes o5 08 -03 -04 08 07 -01 -02 08 10 -01 -04
Kurtosis 18 20 17 13 25 23 19 13 28 28 22 1.6
Portugal
Mean 120 343 -223 -328 185 31.1 -126 -10.7 259 96 163 324
Std. Dev. 21.6 319 47.6 859 172 275 40.8 755 248 141 324 73.0
Skewnes 19 02 04 07 07 06 -02 02 1.0 13 04  -06
Kurtosis 56 15 2.1 17 27 22 21 16 41 36 3.1 2.1
Spain
Mean 205 294 88 -33 241 320 -79 50 188 202 -15 2.8
Std. Dev. 225 325 498 794 239 302 504 769 181 192 33.1 702
Skewnes 13 1.1 -04 00 10 07 -0.1 01 14 15 -01 0.0
Kurtosis 42 29 23 14 30 23 20 15 48 55 34 1.7
Sweden
Mean 260 318 -5.9 05 281 345 -64 -60 260 247 13 5.0
Std. Dev. 258 349 570 856 27.6 31.6 549 788 23.0 256 432 755
Skewnes 06 09 -03 00 08 07 -0.1 01 09 10 -02 -0.1
Kurtosis 19 24 1.8 13 28 22 20 14 35 31 25 1.5
UK
Mean 124 381 -257 -290 230 325 95 81 248 252 -04 2.3
Std. Dev. 133 31.6 41.6 700 21.7 287 474 756 223 227 407  70.8
Skewnes 13 07 -04 06 09 07 -0.1 01 12 08 0.1 0.0
Kurtosis 47 23 22 20 31 25 20 14 38 25 24 1.5

Note: Std. Dev. - Standard deviation.



Table 3a. Descriptive statistics 1:1989 to IV:2008. Raw data

This country’s general situation regarding private consumption

Present judgment

Compared to same time

From now on: expected
situation by the end of the

last year next 6 months

R F B WB, R F B WB R F B WB,
Austria
Mean 27.8 132 146 202 335 21.5 12.1 160 265 166 99 245
Std. Dev. 297 172 416 781 286 224 47.1 77.8 193 172 327 744
Skewness 1.0 1.3 0.3 -0.3 0.7 0.8 0.1 -0.2 04 07 -02 -0.5
Kurtosis 26 3.6 2.2 1.5 2.5 2.6 2.0 1.5 27 2.1 2.1 1.9
Belgium
Mean 248 264 -1.6 22 260 25.6 0.3 1.5 273 148 125 29.1
Std. Dev. 26.0 277 489 832 23.6 245 449 774 207 182 343 72.1
Skewness 0.9 09 0.0 0.0 0.8 0.8 0.0 0.1 0.7 1.6 -03 -0.5
Kurtosis 26 2.7 2.1 1.3 28 2.8 2.1 1.4 2.5 5.6 2.6 1.8
Denmark
Mean 31.8 21.0 10.8 62 37.6 17.0 206 351 284 17.6 107 227
Std. Dev. 356 252 553 86.9 285 233 463 754 249 225 416 79.1
Skewness 0.8 1.1 0.1 -0.2 0.4 1.4 -04 -0.7 0.7 14 -03 -0.5
Kurtosis 2.2 33 2.0 1.3 22 4.0 2.4 1.9 27 47 28 1.7
Finland
Mean 479 215 264 387 393 240 153 30.0 306 204 102 258
Std. Dev. 37.1 36.1 682 89.5 30.8 333 59.1 772 268 273 489 799
Skewness -0.2 1.3 -0.8 -0.9 0.4 14 -0.6 -0.7 0.8 1.2 -03 -0.5
Kurtosis 14 3.1 2.1 1.8 2.1 3.5 2.5 1.9 2.7 3.3 2.3 1.7
France
Mean 245 328 -83 -10.8 273 31.0 -3.7 -1.3 309 143 166 36.2
Std. Dev. 26.0 303 53.1 82.5 229 26.1 463 715 189 160 314 61.1
Skewness 0.7 0.6 0.0 0.2 09 0.6 0.0 0.0 0.4 1.4 -05 -0.7
Kurtosis 2.3 2.1 1.8 1.4 32 22 2.1 1.5 22 44 28 2.3
Germany
Mean 14.0 46.7 -32.8 -451 275 278 -04 0.1 394 150 243 449
Std. Dev. 240 326 52.1 72.6 239 252 457 684 200 17.8 355 59.8
Skewness 23  -0.1 0.9 1.1 0.9 1.0 -0.1 0.0 -0.2 1.5 -0.9 -1.0
Kurtosis 7.4 1.5 2.9 2.6 2.9 3.0 2.3 1.7 1.9 43 2.9 2.7
Greece
Mean 11.3 392 -279 -326 100 305 -20.5 -42.1 141 160 -1.9 -7.9
Std. Dev. 143 352 456 743 166 264 355 625 199 175 302 70.1
Skewness 09 07 -03 0.6 2.7 1.3 -0.1 0.8 2.3 1.1 0.7 0.2
Kurtosis 2.7 2.7 2.1 1.9 129 6.6 5.3 2.7 9.9 43 5.2 1.9

Note: Std. Dev. - Standard deviation.



Table 3b. Descriptive statistics [:1989 to IV:2008. Raw data

This country’s general situation regarding private consumption

Present judgment

Compared to same time

From now on: expected
situation by the end of the

last year next 6 months

R, F, B, WB, R, F B, WB, R, F, B, WB,
Ireland
Mean 49.7 81 41.7 59.0 458 179 279 430 337 133 204 496
Std. Dev. 36.8 187 495 727 30.7 263 528 733 194 192 343 640
Skewness 0.0 2.6 -0.6 -1.4 02 1.6 -0.6 -0.9 0.5 1.7  -0.9 -1.0
Kurtosis 1.6 9.3 2.6 34 1.9 46 25 2.2 36 54 39 2.7
Italy
Mean 9.6 414 318 -585 235 337 -102 -109 302 144 158 302
Std. Dev. 192  29.0 42.6 62.0 209 26.7 44.0 68.7 195 144 312 639
Skewness 2.8 04 07 1.5 09 07 -0.1 0.2 0.3 1.2 -03 -0.7
Kurtosis 10.2 22 37 43 29 26 21 1.6 26 35 24 2.4
NL
Mean 324 16.6 158 21.8 30.8 236 72 16.5 254 17.1 8.2 17.4
Std. Dev. 334 249 518 855 277 275 50.8 822 230 20.1 385 787
Skewness 0.6 1.5 -0.2 -04 0.7 1.0 -0.2 -0.3 0.9 1.1 0.0 -0.3
Kurtosis 1.9 4.1 2.1 1.5 24 29 20 1.4 29 32 21 1.5
Portugal
Mean 15.3 355 202 -23.7 154 342 -18.8 -20.2 177 192 -1.5 0.8
Std. Dev. 22.5 31.8° 479 83.1 168 303 427 770 21.6 222 364 76.1
Skewness 1.9 04 03 0.5 1.3 0.6 -0.1 0.4 1.9 1.0 02 0.0
Kurtosis 6.3 2.1 2.3 1.5 48 22 22 1.7 82 28 3.6 1.6
Spain
Mean 296 269 2.7 106 262 31.7 -55 =75 21.8 28.0 -6.1 -12.0
Std. Dev. 292 331 575 837 269 298 526 753 213 230 414 719
Skewness 0.7 1.0 -03 -0.3 09 08 0.0 0.1 1.0 06 03 0.4
Kurtosis 2.4 2.4 1.9 14 26 24 20 1.5 29 25 22 1.7
Sweden
Mean 2866 295 -09 6.8 365 256 109 16.0 279 19.0 88 205
Std. Dev. 322 358 625 90.7 315 305 576 8.0 225 214 392 718
Skewness 0.8 0.7 -0.1 -02 05 1.1 -03 -0.3 0.7 1.1 -03 -0.4
Kurtosis 2.4 1.9 1.7 1.2 1.9 3.1 2.0 1.4 29 37 27 1.9
UK
Mean 30.3 220 82 16.0 314 30.5 0.9 6.0 256 29.1 -35 -5.2
Std. Dev. 27.3 282 50.5 84.1 24.0 261 470 686 220 230 41.7 68.1
Skewness 0.4 1.5 -0.5 -04 09 05 0.1 0.1 1.1 04 04 0.4
Kurtosis 1.9 4.1 2.3 14 27 20 20 1.5 33 20 22 1.7

Note: Std. Dev. - Standard deviation.



4. Empirical Results

The design of the forecast competition was based on all the information available for the
first three questions of the WES: the country’s general situation regarding overall
economy, capital expenditures and private consumption. For each question we in turn
used three different kind of expectations stated by the agents: their present judgement,
their judgement compared to same time last year and their expectation by the end of the
next six months. The dataset analysed includes therefore 36 indicators for each country:

four indicators (R,, F,, B, and WB,) for each of the three different expectations

(present judgement, compared to same time last year, expected situation by the end of
the next six months) of each question. The forecast competition is undertaken for
fourteen countries of the European Union: Austria, Belgium, Denmark, Finland, France,
Germany, Greece, Ireland, Italy, the Netherlands (NL), Portugal, Sweden and the
United Kingdom (UK).

In order to evaluate the relative forecasting accuracy of the models, each model was
estimated for all the indicators included up to 2007.1V and forecasts for 1 quarter ahead
were computed. The model specifications are based on information up to 2007.IV and,
thereafter, the models were re-estimated each quarter and the forecasts were computed
with these estimation results. Given the availability of actual values p to 2008.1V, we
were able to compute the forecast error for each indicator and method in a recursive
way. In order to summarise this information, the Root Mean Square Error (RMSE) was
computed. These values provide useful information for analysing the forecast accuracy
of each method, and enabled us to rank the methods according to their values.

In Tables 4a, 4b, 5a, 5b, 6a and 6b we present the main results of the forecast
competition for raw data, using the last eight quarters for comparing the forecasting
accuracy of the different techniques (AR, ARIMA, SETAR and ANN models). Tables
la and 1b show the results for the question about the country’s general situation
regarding overall the economy, Tables 2a and 2b show the results for the question about
the country’s general situation regarding capital expenditures and Tables 3a and 3b
show the results for the question about the country’s general situation regarding private
consumption.

With regard to the question about the country’s general situation regarding overall
the economy, ARIMA and ANN models outperformed the rest of the models in most

cases. Nevertheless, the lowest RMSE for the present judgement was obtained with the



SETAR model for Denmark ( F}). For the judgement compared to the same time last

year and for the expectation by the end of the next six month the ARIMA model showed
the lowest RMSE for Spain (R,). AR models only outperformed the rest of the models

in two cases out of 42.

As for the results of the forecast comparison regarding the question about the
country’s general situation with respect to capital expenditures, again ARIMA and ANN
models outperformed the rest of the models in most cases. The lowest RMSE was also

obtained with the SETAR model for Portugal (R,) and Germany ( F,) for the present

judgement and the judgement compared to the same time last year respectively. For the
expectation by the end of the next six month the ARIMA model showed the lowest
RMSE for Denmark (R, ).

Finally, with regard to the question about the country’s general situation regarding
private consumption, ANN and ARIMA models outperformed the rest of the models in
most cases. Again the lowest RMSE for the present judgement was obtained with the

SETAR model for Finland ( F,), with the ANN model for the judgement compared to
the same time last year for Austria () an with the ARIMA model for the expectation
by the end of the next six month for Spain (R,).

In spite of the fact that it is usually possible to find a situation in which one indicator
proves to have better predicting power compared with another, we found that ARIMA
and ANN models clearly outperformed SETAR and AR models in the 504 scenarios
compared. These results differ from those obtained by Clar ef al. (2007), who found that
the univariate autoregressions were not outperformed by other methods for the Euro
Area. Nevertheless, the lowest RMSE for the present judgement was obtained with the
SETAR for all three questions (overall economy, capital expenditures and private
consumption). The expectations regarding the present judgement also showed lower
RMSE that the judgement compared to the same time last year and the expectation by
the end of the next six months.

We also found that Business Surveys Indicators (R,, and F)) displayed better
forecasts that the Balance ( B,) and the Weighted balance (WB,), which are calculated

from Business Surveys Indicators. This result also differs from the evidence found for
the Euro Area in Clar et al. (2007), who found that indirect methods performed best for
the Euro Area.



Table 4a. RMSE — Recursive forecasts from 1:2007 to IV:2008. Raw data

This country’s general situation regarding overall economy

Present judgment

Compared to same time

From now on: expected
situation by the end of the

last year next 6 months

R F B WB R F B WB R F B WB
Austria
AR 258 114 269 599 214 204 380 626 277 355 603  99.6
ARIMA 24.1 7.8 23.7 48.0 17.8 214 234 49.7 224 222 431 82.6
SETAR 41.5 9.6 335 49.8 454 193 437 78.0 25.0 395 79.0 115.6
ANN 19.8 6.3 23.1 425 17.6 204 26.5 450 120 227 32.1 63.9
Belgium
AR 26.0 253 37.1 71.0 212 36.1 55.8 70.6 29.6 422 714 1082
ARIMA 189 21.0 31.1 649 16.0 214 350 64.0 7.6 264 364 46.6
SETAR 586 433 485 186.6 442 188 63.5 111.0 150 243 30.7 83.7
ANN 19.5 21.0 28.7 41.0 158 207 324 58.9 7.8 347 334 46.7
Denmark
AR 29.7 2.7 289 32.1 284 320 o614 955 17.5 268 41.8 123.6
ARIMA 25.0 2.0 239 41.0 17.5 164 29.0 58.1 8.0 16.1 235 54.8
SETAR 422 0.7% 46.2 37.6 564 389 417 1055 295 17.1 455 1350
ANN 26.2 2.0 284 33.8 151 21.8 28.5 393 21.2 155 329 50.4
Finland
AR 13.7 124 139 23.8 274 213 465 722 28.7 33.1 59.7 1053
ARIMA 16.9 1.2 137 33 258 144 303 43.9 83 175 194 43.8
SETAR 25.8 1.1 243 6.1 363 155 495 75.8 328 17.8 33.1 80.5
ANN 19.7 3.6 164 142 198 133 28.0 357 15.0 20.1 28.9 46.0
France
AR 239 17.2 367 1150 302 32.1 46.7 70.0 303 26.8 559 1122
ARIMA 17.7 204 352 101.6 293 21.8 444 69.5 20.5 19.5 30.6 60.5
SETAR 212 19.8 31.8 162.0 439 10.7 56.7 74.8 338 237 612 1198
ANN 92 174 275 90.2 16.0 213 413 49.1 202 156 399 68.3
Germany
AR 38.1 276 532 894 222 195 356 69.2 375 312 622 91.3
ARIMA 15.2 79 164 330 11.8 10.7 153 26.7 16.7 18.1 27.0 47.8
SETAR 334 103 36.6 440 363 11.9 442 48.1 264 233 498 94.4
ANN 19.7 5.9 207 35,1 13.8 11.3 224 332 143 18.0 258 54.8
Greece
AR 11.5 6.9 16.2 432 264 324 532 89.1 252 31.5 50.0 93.2
ARIMA 10.8 7.7 13.7 442 131 174 250 48.7 169 232 262 91.2
SETAR 17.4 147 227 1389 28.0 393 53.1 1069 225 325 326 1386
ANN 24.8 7.8 13.1 722 23,6 18.5 31.1 563 209 40.1 36.1 156.3

Italics: best model for each country
* Best model

- Matrix singular or not positive definite



Table 4b. RMSE — Recursive forecasts from 1:2007 to IV:2008. Raw data

This country’s general situation regarding overall economy

Present judgment

Compared to same time

From now on: expected
situation by the end of the

last year next 6 months

R, F, B, WB, R, F, B, WB, R, F B, WB,
Ireland
AR 473 272 68.1 79.0 351 444 723 107.2 30.7 493 748 122.7
ARIMA 29.8 185 425 64.6 238 204 30.6 584 105 224 277 78.3
SETAR 50.7 151 594 88.2 415 205 463 140.7 232 50.0 256 1254
ANN 249 225 475 748 27.1 318 227 55.6 272 475 323 1259
Italy
AR 9.5 320 322 43.1 152 290 428 67.1 233 233 456 96.3
ARIMA 5.8 158 19.2 504 125 183 268 327 134 157 26.6 69.4
SETAR 16.5 329 36.1 623 402 352 59.0 79.0 41.6 252 456 78.2
ANN 8.0 18.8 24.0 450 139 182 324 40.8 125 16.0 26.1 54.1
NL
AR 18.5 8.1 221 274 182 258 438 55.6 333 424 669 98.4
ARIMA 17.9 5.1 20.0 350 14.7 20.1 264 38,6 19.1 188 27.7 47.5
SETAR 63.2 6.0 435 442 451 175 758 76.7 48.6 248 79.1 89.4
ANN 19.8 44 208 399 156 184 295 30.3 7.7 329 229 33.3
Portugal
AR 34 210 23.6 284 27.6 204 449 76.2 250 206 399 65.5
ARIMA 57 203 231 220 13.0 16.7 29.1 454 17.0 21.8 33.6 67.6
SETAR 122 324 327 31.7 339 16.1 58.0 1455 505 274 579 84.1
ANN 9.8 17.8 235 12.7 30.1 16.7 33.5 43.8 23,5 21.5 29.1 100.0
Spain
AR 32.0 329 731 99.7 223 534 789 101.8 159 433 579 70.4
ARIMA 4.1 17,5 232 48.8 4.2*% 221 28.1 43.1  3.0* 254 226 35.0
SETAR 329 38.7 470 89.7 23.1 355 70.1 746 132 445 283 28.4
ANN 11.5 215 26.7 46.7 6.8 278 29.7 444 11.1 334 417 44.7
Sweden
AR 19.1 94 378 29.1 304 335 614 72.0 31.7 320 62.0 1173
ARIMA 16.0 7.7 234 322 159 20.1 292 48.2 96 222 273 65.9
SETAR 799 11.6 41.7 1119 555 17.6 729 87.1 241 268 550 1094
ANN 14.7 9.6 188 306 20.1 134 27.6 482 13.0 19.5 29.0 86.7
UK
AR 232 28.1 49.7 96.8 264 351 494 557 204 359 56.5 84.9
ARIMA 19.7 232 318 928 11.0 195 233 30.8 6.1 182 219 48.5
SETAR 353 31.2 43.1 107.6 30.7 19.8 44.1 82.8 16.8 247 327 70.5
ANN 194 240 337 85.6 10.4 209 26.7 39.1 104 151 364 38.1

Italics: best model for each country

* Best model

- Matrix singular or not positive definite



Table 5a. RMSE — Recursive forecasts from 1:2007 to IV:2008. Raw data

This country’s general situation regarding capital expenditures

Present judgment

Compared to same time

From now on: expected
situation by the end of the

last year next 6 months

R, F B WB, R F B WB R F B WB
Austria
AR 24.9 85 272 673 237 132 30.7 67.1 19.0 35.6 527 97.0
ARIMA 20.6 56 223 580 149 13.0 20.7 41.0 13.5 26.7 33.0 89.2
SETAR 44.4 83 334 788 703 184 343 120.1 200 235 40.8 1262
ANN 21.9 6.0 239 64.1 177 13.1 256 441 152 264 38.0 120.1
Belgium
AR 192 178 333 609 206 324 505 84.1 225 40.6 63.1 1004
ARIMA 254 156 31.1 512 219 212 367 616 143 289 32.8 65.8
SETAR 386 21.3 549 882 36.8 153 57.5 1051 244 456 53.0 102.7
ANN 248 17.6 327 43.6 17.7 182 33.0 584 145 26.7 339 59.5
Denmark
AR 50.8 72 423  62.6 9.7 315 31.6 575 187 298 43,6 127.7
ARIMA 31.0 6.7 345 722 12.1 287 239 355 6.4* 20.1 252 74.5
SETAR 63.0 5.3 541 778 33.6 320 275 120.1 21.2 222 394 1294
ANN 33.3 56 209 682 11.3 266 27.8 70.6 162 21.0 21.8 68.0
Finland
AR 283 207 26.1 569 16.1 17.0 34.0 51.5 189 340 493 87.0
ARIMA 20.6 33 216 140 196 162 31.9 56.8 9.3 251 31.6 52.4
SETAR 324 9.3 287 169 305 153 51.7 102.1 290 21.5 52.0 57.2
ANN 21.3 46 234 299 169 143 27.6 48.1 13.2 23.0 30.7 48.0
France
AR 9.1 195 250 71.6 19.9 248 392 652 237 23.0 445 1028
ARIMA 9.5 235 337 674 219 244 428 98.1 144 16.7 214 63.2
SETAR 9.7 20.1 341 667 362 27.8 44.6 93.4 30.0 193 450 1172
ANN 84 21.1 274 485 21.7 24.0 409 57.8 143 148 23.6 63.0
Germany
AR 235 254 427 812 212 173 355 523 343 308 634 1027
ARIMA 9.7 103 17.5 41.5 10.7 9.7 185 37.8 95 192 262 42.8
SETAR 514 11.5 348 724 294 6.9 464 67.5 24.0 209 425 84.8
ANN 14.6 84 576 421 140 11.8 19.6 322 124 244 499 50.8
Greece
AR 129 119 23.0 1003 124 262 31.1 66.7 16.6 363 332 99.8
ARIMA 13.1 9.9 203 853 103 112 21.1 47.1 132 153 239 68.5
SETAR 20.8 32.0 40.5 156.7 343 132 449 63.2 428 160 50.7 98.2
ANN 11.1 7.6 135 66,6 11.0 16.0 24.6 66.6 19.7 247 238 1154

Italics: best model for each country
* Best model

- Matrix singular or not positive definite



Table 5b. RMSE — Recursive forecasts from 1:2007 to IV:2008. Raw data

This country’s general situation regarding capital expenditures

Present judgment

Compared to same time

From now on: expected
situation by the end of the

last year next 6 months

R, F B WB, R F B WB R F B WB,
Ireland
AR 39.0 244 548 82.0 243 374 564 91.0 28.0 41.8 63.6 126.7
ARIMA 30,6 221 394 68.6 9.0 253 315 72.6 9.2 274 349 86.5
SETAR 473 302 51.6 1014 579 339 455 1350 182 38.1 49.7 1151
ANN 37.8 22,6 51.1 61.8 252 344 56.5 93.9 19.8 34.1 462 108.7
Italy
AR 53 227 288 328 17.2 31.0 478 689 19.7 223 433 96.9
ARIMA 48 146 18.6 341 121 145 204 36.0 10.1 156 269 51.7
SETAR 152 157 19.8 380 269 178 37.0 86.4 258 257 405 81.0
ANN 84 14.0 193 496 174 141 21.0 51.6 11.7 158 232 98.3
NL
AR 19.3 3.6 162 392 21.8 225 389 53.8 264 404 644 98.9
ARIMA 15.8 8.5 183 213 147 192 237 453 124 192 274 42.9
SETAR 27.4 9.0 322 67.6 27.6 399 56.0 71.1 285 377 38.6 66.9
ANN 15.8 3.7 172 57.6 131 19.0 242 404 10.0 173 26.8 32.1
Portugal
AR 37 174 152 193 165 151 289 60.0 17.3 13.0 247 43.8
ARIMA 34 223 205 9.7 127 17.6 20.8 382 149 13.0 24.1 42.5
SETAR 3.2*¥ 399 325 2106 224 229 554 84.0 457 15.1 50.1 48.1
ANN 34 173 159 11.4 9.9 144 20.2 69.6 109 123 156 53.9
Spain
AR 22,5 250 521 623 20.6 43.1 63.1 93.8 17.2 355 521 95.9
ARIMA 11.0 140 17.5 48.9 86 169 25.1 53.0 7.1 166 11.0 25.8
SETAR 259 257 472 1154 328 21.1 463 1509 167 122 21.0 543
ANN 85 158 213 44.9 94 19.1 269 534 10.0 265 242 41.0
Sweden
AR 11.6 105 207 556 17.1 28.9 437 69.0 25.0 33.0 557 104.0
ARIMA 16.5 145 272 46.1 15.1 154 233 52.8 13.7 21.6 30.6 82.2
SETAR 358 133 343 70.1 36.5 20.1 50.9 78.6 204 225 253 1263
ANN 16.8 109 26.2 447 13.9 174 25.1 464 12.0 216 32.6 62.3
UK
AR 153 258 345 90.8 20.8 362 51.6 55.1 18.6 355 538 95.8
ARIMA 151 223 26.7 78.7 16.0 18.8 239 56.2 7.5 202 235 63.4
SETAR 246 37.0 52.0 1489 256 233 353 78.1 325 132 251 1313
ANN 16.5 203 284 593 115 17.8 248 54.6 9.1 157 30.6 76.4

Italics: best model for each country
* Best model

- Matrix singular or not positive definite



Table 6a. RMSE — Recursive forecasts from 1:2007 to IV:2008. Raw data

This country’s general situation regarding private consumption

Compared to same time

From now on: expected

Present judgment situation by the end of the
last year
next 6 months

R, F B WB R F B WB R F B WB,
Austria
AR 19.8 227 447 953 184 135 258 457 179 162 277 737
ARIMA 16.6 11.5 235 46.5 16.5 83 228 422 17.2 105 28.8 58.0
SETAR 34.6 84 39.0 93.0 48.5 7.6 524 70.6  29.1 27.6 39.7 88.8
ANN 199 124 257 584 17.8 59*% 254 37.5 164 10.0 21.4 58.2
Belgium
AR 25.0 139 318 67.5 197 334 526 829 199 41.1 60.0 96.9
ARIMA 23.1 9.9 328 522 168 152 34.1 64.2 9.2 260 28.8 37.4
SETAR 564 100 514 1193 508 273 57.8 1104 21.7 227 39.7 91.4
ANN 209 11.1 242 395 144 26.1 37.8 480 11.8 263 45.0 51.4
Denmark
AR 36.7 6.7 53.6 61.8 260 418 628 113.1 19.6 31.2 440 100.3
ARIMA 248 11.1 304 56.6 166 222 348 67.5 11.7 23.1 28.8 51.4
SETAR 51.7 10.0 45.1 76.0 389 281 549 1134 202 28.8 394 1053
ANN 21.1 6.9 23.0 412 165 23,6 419 505 142 215 322 83.1
Finland
AR 219 114 203 83 203 187 372 747 144 30.6 44.0 82.4
ARIMA 16.7 2.1 183 35 126 140 209 53.0 10.1 156 24.6 51.5
SETAR 27.0 0.9*% 27.6 52 348 203 51.7 89.2 195 192 539 104.0
ANN 19.3 34 16.6 7.8 17.5 139 329 55.1 108 12.6 239 48.7
France
AR 242 213 482 74.6 234 319 465 66.6 252 294 519 1023
ARIMA 185 163 32.7 385 13.7 200 264 49.5 194 19.1 312 71.6
SETAR 36.3 15.1 402 78.8 293 193 446 778 472 164 439 107.5
ANN 17.3 9.9 223 43.1 12,8 18.6 26.8 48.5 21.6 17.6 435 71.9
Germany
AR 34 228 299 40.0 10.7 9.2 18.9 274 18.0 333 47.1 78.8
ARIMA 6.6 8.5 9.4 26.2 139 81 164 223 149 168 303 46.6
SETAR 11.8 147 26.7 789 394 112 409 475 29.6 78.6 777 130.7
ANN 6.5 13.1 9.4 30.8 11.0 10.1 19.7 232 157 157 295 46.7
Greece
AR 11.6 11.8 24.0 62.4 6.0 241 259 48.7 11.9 319 457 103.1
ARIMA 120 12.6 21.0 61.6 6.2 19.6 183 45.3 7.6 210 237 57.1
SETAR 124 17.0 372 98.9 - 1203 56.8 111.3 379 30.7 487 1326
ANN 148 10.8 235 53.4 6.1 153 169 35.8 7.5 255 303 67.1

Italics: best model for each country

* Best model

- Matrix singular or not positive definite



Table 6b. RMSE — Recursive forecasts from 1:2007 to IV:2008. Raw data

This country’s general situation regarding private consumption

Present judgment

Compared to same time

From now on: expected
situation by the end of the

last year next 6 months

R, F, B, WB, R, F, B, WB, R, F B, WB,
Ireland
AR 409 325 724 873 297 485 694 986 274 445 711 1365
ARIMA 327 242 458 698 180 232 359 625 11.7 226 315 46.2
SETAR 57.8 19.8 62.6 924 484 349 79.1 100.1 32.0 18.1 70.3 80.6
ANN 263 174 422 52.8 22,6 382 51.5 69.6 12.8 385 457 67.8
Italy
AR 92 227 249 36.7 12.8 282 36.7 479 213 23.6 43.1 92.7
ARIMA 87 145 175 346 115 172 227 182 12.6 17.7 258 61.9
SETAR 13.4 26.6 34.0 41.8 252 205 39.1 56.4 25.0 39.1 483 96.9
ANN 6.6 188 22.1 256 13.6 18.6 30.0 404 11.9 160 253 59.1
NL
AR 35.3 8.0 733 719 19.2 247 37.1 575 273 355 60.7 86.0
ARIMA 19.9 8.8 232 387 293 196 315 532 141 168 322 50.5
SETAR 317 85.6 333 1152 815 478 670 1182 439 194 436 92.1
ANN 16.8 10.7 20.5 53.1 264 182 28.6 37.7 80 185 229 43.5
Portugal
AR 5.1 286 295 43.6 7.1 258 329 509 133 20.1 285 69.7
ARIMA 49 142 15.0 12.6 74 204 29.8 40.7 141 21.1 243 68.8
SETAR 73 219 212 325 247 248 352 96.3 47.6 29.7 341 1448
ANN 6.0 163 13.6 13.6 73 21.8 29.6 39.3 94 219 228 45.6
Spain
AR 327 357 68.6 952 219 489 703 88.0 12.7 41.1 504 53.2
ARIMA 11.0 183 25.1 53.2 7.7 149 18.4 21.6  4.7% 151 176 28.6
SETAR 273 255 51.6 1119 213 37.6 221 21.2 104 148 189 45.7
ANN 10.0 18.1 242 46.7 156 18.1 23.0 38.2 8.8 30.0 43.6 95.6
Sweden
AR 21.7 6.1 448 26.7 33.0 379 69.0 92.0 21.3 346 553 95.5
ARIMA 16.8 83 23.1 257 223 21.7 315 60.3 167 23.7 327 64.1
SETAR 359 193 437 75.1 39.5 200 53.1 155.0 32.0 300 456 99.6
ANN 21.2 83 19.5 255 20.1 172 326 58.1 153 246 30.1 51.7
UK
AR 209 214 40.1 832 18.0 381 51.8 645 144 352 509 68.0
ARIMA 16,5 233 334 99.6 74 265 275 56.8 84 159 19.6 35.4
SETAR 302 227 535 1079 149 289 633 84.6 247 227 347 42.7
ANN 15.1 207 29.5 86.3 73 277 252 57.1 87 162 244 41.0

Italics: best model for each country

* Best model

- Matrix singular or not positive definite



6. Conclusions and discussion

The objective of this paper was to compare different forecasting methods for the short
run forecasting of Business Survey Indicators. We compared the forecasting accuracy of
Artificial Neural Networks (ANN) vs. three different time series models:
autoregressions (AR), autoregressive integrated moving average (ARIMA) and self-
exciting threshold autoregressions (SETAR). We considered all the indicators of the
question related to a country’s general situation regarding overall economy, capital
expenditures and private consumption (present judgement, compared to same time last
year, from now on - expected situation by the end of the next six months) of the World
Economic Survey (WES) carried out by the Ifo Institute for Economic Research. The
forecast competition was undertaken for fourteen countries of the European Union for
the period ranging from 1989 to 2008, using the last eight quarters for comparing the
forecasting accuracy of the different techniques.

We found that both ANN and ARIMA models outperformed SETAR and AR
models. These results suggest that more complex methods like neural networks can
attain a higher forecasting accuracy than time series models as they are far better able to
handle non-linear behaviour. Interestingly, for all the questions analysed, our results
showed that the expectations regarding the present judgement showed lower RMSE that
the judgement compared to the same time last year and the expectation by the end of the
next six months. Business Surveys Indicators displayed better forecasts that aggregated
indicators calculated form Business Surveys Indicators. Finally, enlarging the observed
time series of Business Survey Indicators and extending the analysis to the rest of the
questions of the World Economic Survey would be of up most importance in order to
assess the implications of the current situation and its use as input in quantitative

forecast models.
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