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Introduction 
This report is concerned with the effect of the sample size on the quality of business surveys. Quality can be 
represented in various ways like forecasting accuracy with respect to some target variable, volatility of the 
indicator, reliability of signals with respect to the business cycle and many more. Although it is expected that a 
larger sample size should always improve the quality, as it also increases the representativeness, it is unclear so 
far if this is really the case in reality. Furthermore, in practice there are limits to increase the sample size to a 
desired level. This might be due to institutional or financial reasons, or panel fatigue of the participating firms. 
So it might be interesting if there is a kind of an optimal sample size, where beyond the improvement of survey 
characteristics are rather marginal. This should have consequences for the survey practice. 

This report has two parts. We start with an empirical analysis, where we investigate the relationship between 
various survey quality measures and the sample size. The former are represented by ‘months of cyclical 
dominance’ (“How reliable is the signal given by the survey indicator?”), standard deviation (measure of the 
volatility of the indicator) and forecasting accuracy with respect to some target variable. Doing this, we also 
control for various other survey characteristics like response rate, coverage, survey method, weighting scheme 
and stratum level. This allows us to isolate the real effect of the sample size. Furthermore we gain some insight 
whether a larger sample size might be substituted or compensated by some other survey characteristics, e.g. the 
survey method. We conduct our analysis for the sectors industry, services, construction and retail to see if the 
effects differ. We start with a correlation analysis to get some starting information. Then we continue with an 
extensive regression analysis. The empirical analysis allows us to get information about the relationships 
between sample sizes and survey data quality indicators, but it does not reveal if what sample size might be 
appropriate for the desired purposes. Therefore in the second part we conduct an extensive simulation exercise. 
We simulate both the survey participation process and various business cycles as target variables. We focus on 
the MCD quality measures as our reference. We investigate if and how fast the MCD improves as the sample size 
increases. Finally, we apply a similar set-up to a real-data example, where we sample micro-data from the Ifo 
survey. 
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EMPIRICAL ANALYSIS 

Effects of sample size on performance indicators 

1. Data 
Data for the empirical analysis consist of various BCS performance measures and a number of survey 
characteristics for 27 countries of the European Union (EU). BCS performance measures obtained from the file 
“Quality indicators and Metadata.xls” (circulated by BCS-DG-ECFIN on 18/02/2013) or computed from available 
data, include correlations of BCS indicators with reference series, months of cyclical dominance (MCD), standard 
deviations of BCS indicators and forecast errors. Data on survey characteristics were drawn from the files 
“Quality indicators and Metadata.xls” and “Metadata_checked_by_partners.xls” (circulated by BCS-DG-ECFIN on 
30/04/2013) and consist of variables such as sample sizes, effective sample sizes, response rates, sample 
coverage, population and sampling frame size, as well as dummy variables indicating the weighting scheme used 
in each survey and the survey method.  

Table 1 presents some descriptive statistics on the various indicators measuring the tracking performance and 
volatility of the ESI, INDU, SERV, BUIL, RETA and CONS indicators constructed from BCS data for different EU 
countries. Tracking performance is measured by the correlation coefficient; volatility is estimated by MCD, the 
ratio of the mean absolute first (second) difference of the irregular component to the mean absolute first 
(second) difference of the trend-cycle component denoted by MCD1 (MCD2), as well as by the forecast error 
and standard deviation of the BCS indicators. The relevance of the BCS indicators to statistical reference series is 
evaluated using also the relative mean squared forecast error (henceforth “forecast error” for brevity). In 
particular, we use the forecast errors (relative to an AR(1) benchmark) from models for forecasting the 
reference series (one-period ahead) using contemporaneous values of the BCS indicators and one lag of the 
dependent (reference) variable as predictors. 

Table 1: Descriptive statistics, performance indicators 

  ESI INDU SERV 

  Mean Min Max Obs. Mean Min Max Obs. Mean Min Max Obs. 
Correlation 76.8 44.0 93.0 26 65.4 34.0 84.0 26 72.7 32.0 95.0 21 
MCD 2.7 1.0 4.0 26 2.7 1.0 5.0 26 2.8 1.0 4.0 25 
MCD1 1.9 0.8 3.3 26 2.0 0.7 4.3 26 2.2 0.7 4.2 25 
MCD2 1.0 0.5 1.8 26 1.1 0.4 2.3 26 1.2 0.4 1.9 25 
Standard deviation 10.0 9.3 11.0 26 10.5 6.0 15.6 26 16.3 8.2 26.7 25 
Forecast error 0.9 0.5 1.3 26 0.9 0.6 1.1 26 1.0 0.7 1.1 20 

  BUIL RETA CONS 

  Mean Min Max Obs. Mean Min Max Obs. Mean Min Max Obs. 
Correlation 64.5 -14.0 93.0 19 59.5 8.0 91.0 24 57.6 15.0 91.0 27 
MCD 3.1 1.0 5.0 26 3.6 2.0 5.0 24 3.1 2.0 5.0 27 
MCD1 2.3 0.9 4.6 26 2.9 1.4 4.4 24 2.2 1.3 3.7 27 
MCD2 1.3 0.5 2.4 26 1.5 0.7 2.2 24 1.3 0.7 2.1 27 
Standard deviation 20.8 9.5 34.1 26 11.5 6.4 20.0 24 10.5 5.8 15.8 26 
Forecast error 1.0 0.8 1.1 18 0.9 0.7 1.3 22 1.0 0.8 1.1 25 

The ESI indicator as a weighted average of the others is associated with the best tracking performance and the 
lowest volatility. The highest correlation with reference series is obtained, on average, for SERV, while the 
lowest volatility in terms of MCD and standard deviation is computed for INDU. CONS on average yields the 
lowest correlation with reference series of the five BCS indicators. RETA registers on average the highest MCD, 
as well as MCD1 and MCD2, whereas BUIL is found to be associated with the highest standard deviation. 
Regarding the forecast errors almost no variation is observed among the different BCS indicators, with the ESI, 
INDU and RETA resulting in slightly lower forecast errors on average than the remaining indicators. 
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Tables 2 and 3 show some descriptive statistics across EU countries for various survey characteristics. Regarding 
business surveys, the largest sample size and effective sample size on average is observed in SERV while the 
smallest samples are encountered in BUIL. The average response rate for all business surveys is over 70%. The 
majority of institutes report coverage using employment and about half of the institutes (12-14) state coverage 
using turnover. The average coverage across countries based on employment ranges from 33% in BUIL to 46% in 
INDU. Coverage using turnover varies on average from 47% in BUIL to 63% in INDU. The largest sampling frames 
and populations, on average, are associated with SERV and the smallest with INDU. The most popular business 
survey method amongst institutes is found to be via post followed by web (on-line) and e-mail. Most institutes 
report the weighting scheme at two levels: firm and stratum. In INDU and SERV employment followed by 
turnover are the most frequently reported weighting methods at firm level, whereas value added followed by 
employment are the most commonly used at stratum level. In BUIL, firm-level weighting is mainly carried out 
using employment and “other”; at stratum level “other” and, to a smaller extent, value added are the most 
popular weighting methods. In RETA turnover and “other” are the most frequently reported weighting methods 
at firm-level and stratum-level respectively, though employment is also popular. 

Table 2: Descriptive statistics, business surveys characteristics 

  
INDU SERV BUIL RETA 

  Mean Min Max Obs. Mean Min Max Obs. Mean Min Max Obs. Mean Min Max Obs. 
Sample 1487 100 4100 26 1648 120 4500 26 834 90 5000 26 1173 120 5188 26 
Effective Sample 1121 100 3977 26 1153 118 4004 26 608 72 4400 26 812 113 4531 25 
Response Rate 0.76 0.25 1 26 0.71 0.18 1 26 0.72 0.25 1 26 0.72 0.16 1 26 

Coverage                                 
Turnover 0.63 0.34 0.86 12 0.49 0.13 0.81 12 0.47 0.10 0.89 12 0.55 0.10 0.94 14 
Employment 0.46 0.09 0.83 22 0.38 0.06 0.83 24 0.33 0.04 0.95 24 0.41 0.07 0.87 23 
Sampling fr. 
(000s) 34 0.6 433 24 208 0.8 1600 24 54 0.3 620 24 75 0.6 520 22 
Population (000s) 61 1.6 245 24 369 8.0 1527 24 106 0.4 589 24 168 6.7 554 23 

Survey Method                                 
Web 0.58 0 1 26 0.65 0 1 26 0.58 0 1 26 0.42 0 1 26 
E-mail 0.35 0 1 26 0.35 0 1 26 0.35 0 1 26 0.38 0 1 26 
Fax 0.12 0 1 26 0.15 0 1 26 0.12 0 1 26 0.12 0 1 26 
CATI/Tel 0.15 0 1 26 0.19 0 1 26 0.15 0 1 26 0.23 0 1 26 
Post 0.81 0 1 26 0.73 0 1 26 0.85 0 1 26 0.77 0 1 26 
Other 0.08 0 1 26 0.08 0 1 26 0.08 0 1 26 0.12 0 1 26 

Weighting scheme                                 
Firm level                                 
Employment 0.48 0 1 25 0.50 0 1 24 0.46 0 1 26 0.35 0 1 26 
Value Added 0.12 0 1 25 0.04 0 1 24 0.04 0 1 26 0.04 0 1 26 
Turnover 0.32 0 1 25 0.46 0 1 24 0.19 0 1 26 0.42 0 1 26 
Other 0.24 0 1 25 0.21 0 1 24 0.42 0 1 26 0.35 0 1 26 

Stratum level                                 
Employment 0.27 0 1 22 0.29 0 1 21 0.18 0 1 22 0.23 0 1 22 
Value Added 0.41 0 1 22 0.38 0 1 21 0.23 0 1 22 0.14 0 1 22 
Turnover 0.18 0 1 22 0.24 0 1 21 0.14 0 1 22 0.27 0 1 22 
Other 0.18 0 1 22 0.14 0 1 21 0.45 0 1 22 0.41 0 1 22 

Note: In the case of coverage, survey method and weighting scheme multiple answers have been provided by many institutes in the Metadata files. 

The mean sample and effective sample size across countries for CONS is 1444 and 1003 respectively. The 
response rate is 73%, similar to that of the business surveys. Coverage in CONS is reported by a very small 
number of institutes (10) and not in uniform way; some institutes report coverage in terms of population (or 
population over e.g. 16 years) and others in terms of households. The most popular survey method in CONS is by 
far CATI/Telephone. The weighting scheme “other” is the most frequently reported followed by gender and age 
(usually jointly). About 10% of institutes do not employ a weighting scheme.  
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Table 3: Descriptive statistics, consumer surveys characteristics 

  CONS 

  Mean Min Max Obs. 
Sample 1444 500 3300 27 
Effective Sample 1003 118 2310 27 
Response Rate 0.73 0.03 1 27 
Coverage 0.03% 0.001% 0.09% 10 
Population (mn.) 18.65 0.42 81.84 27 

Survey Method     
Web 0.04 0 1 25 
E-mail 0 0 0 25 
Fax 0 0 0 25 
CATI/Tel 0.80 0 1 25 
Post 0 0 0 25 
Other 0.28 0 1 25 
Weighting Scheme        
Gender 0.46 0 1 26 
Age 0.42 0 1 26 
Region 0.31 0 1 26 
Other 0.60 0 1 26 
Unknown 0.15 0 1 26 
Un-weighted 0.12 0 1 26 

Note: In the case of survey method and weighting scheme multiple answers have been provided by many institutes in the Metadata files. 

2. Correlation analysis 
The relation between the sample size and various performance indicators is first explored using scatter plots. 
The sample size (effective sample size) used in the case of ESI is the sum of the sample sizes (effective sample 
size) over all surveys for each country. Figures 1 and 2 plot the relation of the various performance indicators 
with sample size and effective sample size respectively. The correlation coefficients between BCS indicators and 
reference series do not seem to have a clear relationship (linear or non-linear) with the sample size or the 
effective sample size. However, in the case of volatility measures given by MCD, MCD1 and MCD2 a negative 
relationship between the performance indicators and sample size (or effective sample size) can be detected for 
most BCS indicators. Similarly the standard deviation of some BCS indicators appears to have a negative relation 
with the sample size. The scatter plots do not give a clear picture about the association of the forecast error to 
the sample and effective sample size, though the presence of some outliers indicate a positive relation in some 
cases. 

Table 4 quantifies the relationship between the sample size and performance indicators by providing the 
correlation coefficients together with the respective p-values. Table 5 shows the correlation coefficient between 
performance indicators and the effective sample size. The correlation of the BCS indicators with the reference 
series is not found to be significantly correlated with either the sample size or the effective sample size. MCD, as 
well as volatility measures MCD1 and MCD2 are negatively and significantly correlated with sample in the case 
of ESI, INDU, SERV and BUIL. MCD, MCD1 and MCD2 are negatively and significantly correlated with effective 
sample size in the case of all business survey indicators except RETA. Nevertheless, the standard deviation of 
RETA is negatively correlated with both the sample size and the effective sample size. A negative correlation 
between standard deviation and effective sample is also found in the case of SERV and INDU. MCD and MCD2 
computed from CONS are negatively correlated with the effective sample size. No significant correlations are 
found between forecast errors and sample size at the 5% significance level. There is evidence of a positive 
correlation between the forecast error and effective sample size in the case of ESI and to a smaller degree in the 
case of CONS and INDU. 
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Figure 1: Sample size vs. performance indicators 
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1.3 MCD1 

 
1.4 MCD2 
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1.5 Standard deviation 

 
1.6 Forecast error 
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Figure 2: Effective sample size vs. performance indicators 
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2.5 Standard deviation 
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Table 4: Correlation between sample size and performance indicators 

  ESI INDU SERV BUIL RETA CONS 

Correlation 
0.1282 0.2127 -0.1564 0.3674 -0.2472 0.0223 

[0.5325] [0.2969] [0.4983] [0.1218] [0.2443] [0.9119] 

MCD 
-0.3585 -0.4426 -0.5048 -0.4851 0.2732 -0.2978 

[0.0721] [0.0236] [0.0101] [0.0120] [0.1964] [0.1313] 

MCD1 
-0.4090 -0.5002 -0.5112 -0.3979 0.3100 -0.2165 

[0.0380] [0.0093] [0.0090] [0.0441] [0.1404] [0.2780] 

MCD2 
-0.3523 -0.5407 -0.5090 -0.4561 0.3284 -0.2445 

[0.0776] [0.0043] [0.0094] [0.0192] [0.1172] [0.2190] 

Standard deviation 
0.0290 -0.2987 -0.4486 -0.2144 -0.4760 -0.2138 

[0.8883] [0.1383] [0.0245] [0.2929] [0.0187] [0.2944] 

Forecast error 
0.3872 0.3313 0.2475 0.3328 -0.1623 0.1005 

[0.0506] [0.0982] [0.2947] [0.1772] [0.4705] [0.6326] 

Note: P-values are given in square brackets. 

Table 5: Correlation between effective sample size and performance indicators 

  
ESI INDU SERV BUIL RETA CONS 

Correlation 
0.0555 0.0789 -0.1848 0.3191 -0.0767 -0.1204 

[0.7876] [0.7016] [0.4225] [0.1829] [0.7215] [0.5497] 

MCD 
-0.2385 -0.4496 -0.4572 -0.4901 0.0324 -0.4077 

[0.2406] [0.0212] [0.0216] [0.0110] [0.8806] [0.0348] 

MCD1 
-0.2747 -0.4862 -0.4960 -0.3718 0.0852 -0.3134 

[0.1745] [0.0118] [0.0117] [0.0615] [0.6921] [0.1115] 

MCD2 
-0.2070 -0.5225 -0.4756 -0.4341 0.1248 -0.3518 

[0.3102] [0.0062] [0.0163] [0.0267] [0.5612] [0.0719] 

Standard deviation 
-0.0339 -0.3647 -0.4737 -0.1908 -0.4123 -0.0621 

[0.8696] [0.0670] [0.0167] [0.3506] [0.0453] [0.7630] 

Forecast error 
0.4330 0.3337 0.1606 0.3643 0.0034 0.3566 

[0.0271] [0.0957] [0.4984] [0.1372] [0.9880] [0.0801] 

Note: P-values are given in square brackets. 
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3. Regression analysis 
To investigate the effects of sample size on performance indicators, available data on all surveys (INDU, SERV, 
BUIL, RETA, CONS) and all countries are pooled and variants of a general fixed effects model are estimated. The 
model is given by equation (1) below 

𝑦𝑖𝑘 = 𝑥𝑖𝑘′ 𝛽𝑖 + 𝛼𝑖 + 𝜀𝑖𝑘,   𝑖 = 1,2, … ,5   and   𝑘 = 1,2, … ,27                                                                                            (1) 

where 𝑖 and 𝑘 are indexes for the survey and country respectively, 𝑦𝑖𝑘  denotes the value of a performance 
indicator on survey 𝑖 and country 𝑘; 𝑥𝑖𝑘 is a 𝐿 × 1 vector of survey characteristics (e.g. sample size, response 
rate, weighting scheme, etc.); 𝛽𝑖 is a 𝐿 × 1 vector of parameters that are allowed to differ across surveys; 𝛼𝑖 is a 
constant term (scalar) that varies across surveys and 𝜀𝑖𝑘  is a random error. 

The reason for pooling the data and estimate a single model, allowing for some parameter heterogeneity across 
surveys, is to improve estimation efficiency since for some survey characteristics the number of available 
observations is too small to estimate separate models for each survey. Moreover, in cases where the effects of 
some survey characteristics on performance indicators do not differ significantly among surveys a single 
coefficient for all surveys is estimated to limit the number of estimated parameters. 

The following categorisation of regression results is used. When the effects of the sample size on performance 
indicators is examined, the response rate is also included in the models. When the impact of the effective 
sample on performance indicators is investigated the response rate is not included as its effects are reflected in 
the effective sample. Additionally, two alternative specifications regarding the weighting scheme in business 
surveys is employed:  

• Weighting scheme A whereby survey results are weighted at firm and stratum level by (i) employment, 
(ii) output (i.e. value added or turnover), or (iii) other; 

• Weighting scheme B whereby weighting is differentiated between firm and stratum levels, thus results 
are weighted at firm level by (i) employment, value added or turnover (i.e. popular measures), or (ii) 
other method, and at stratum level by (I) employment, value added or turnover, or (II) other method. 

Estimation results are reported separately for each survey. In the estimations conducted the reference group for 
the fixed effects was INDU. Thus, if the coefficient of a characteristic is allowed to vary over surveys, the 
estimated coefficients reported for surveys other than INDU show the extent (magnitude and direction) to 
which the effects of that characteristic on the performance indicator of the various surveys differ from the effect 
of the same characteristic on the performance indicator for INDU. If the effect of a characteristic on the 
performance indicator is assumed to be the same across all surveys then the estimated coefficient is reported 
under INDU and the indication “INDU” in the place of the common coefficient is shown under the remaining 
surveys.1 For completeness, the overall effect of each characteristic on the performance indicator, for each BCS 
indicator that is allowed to vary (i.e. SERV, BUIL, RETA, CONS), is reported in footnotes with the corresponding p-
value in square brackets. In all models estimated the constant term is allowed to differ among surveys. 

3.1 MCD 

3.1.1 Sample size 

Table 6 presents the estimation results from five specifications for MCD, starting from a simple model that 
includes only the sample size and response rate, and gradually adding other survey characteristics such as 
coverage, weighting scheme A, sampling frame and survey methods. The results in specification (1) confirm the 

                                                 
1 The coefficient is assumed to be same across all or some surveys if the survey-specific parameters estimated in a more general model 
are not found to be statistically significant. 
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findings of the correlation analysis namely that there is a negative and significant effect of the sample size on 
MCD for all surveys except for RETA where the sample size has no significant impact.2 

The inclusion of the coverage variable in specification (2) leaves the results regarding the sample size almost 
unchanged. Coverage reported in terms of employment does not influence MCD, while larger coverage in terms 
of turnover appears to increase MCD in INDU and to lower it in BUIL and RETA albeit the overall effect is not 
significant in the latter case.3 Higher coverage in CONS seems to lead to higher MCD, though this result should 
be read with caution given the limitations of the coverage variable in CONS mentioned above. 

Looking at the effects of weighting scheme A in specification (3), it is found that weighting business survey 
results by output measures could lead to higher MCD compared to other weighting measures/methods. In the 
case of CONS some evidence that region weights decrease MCD is also found. 

Including both coverage and weighting scheme A in the model shown in specification (4), leads to findings 
similar to specifications (2) and (3).4 Specification (5) is more general but with most of the findings concerning 
sample size, response rate, coverage and weighting scheme unchanged from the previous specifications.5 In 
particular, 

• the sample size influences negatively and significantly MCD in all surveys except RETA, with the most 
negative impact being that for CONS; 

• there is evidence of a negative impact of the response rate on MCD albeit insignificant; 
• weights based on value added or turnover could be associated with higher MCD in business surveys 

compared to weights based on employment or other measure/method; 
• weighting by region in CONS tends to lower MCD; 
• larger sampling frames are found to be connected with higher MCD; 
• online- or email-based surveys lead to lower MCD; “other” method in business surveys is found to 

increase MCD but the opposite is found for CONS. 

Table 7 shows the estimated effects of various survey characteristics on MCD using weighting scheme B 
whereby the impact of firm-level and stratum-level weighting is examined separately. All specifications in Table 
7 result in similar effects regarding the sample size and the response rate. Higher sample size decreases MCD in 
all surveys except RETA. The response rate does not seem to influence MCD significantly. Coverage in 
specifications (2) and (3) influence positively MCD only for CONS, but has no effect on the volatility of the 
business survey indicators. 

 

 

 

 

 

                                                 
2 The overall effect in BUIL, SERV, RETA and CONS is -0.00052 [0.0001], -0.00036 [0.0040], 0.00014 [0.3403] and -0.00038 [0.0879] 
respectively, with the p-value for the null hypothesis of zero effect in square brackets. 
3 In specification (2) the overall effect of the sample size in RETA is 0.00019 [0.1306]; the overall effect of turnover coverage in SERV, BUIL 
and RETA is 0.28330 [0.6600], -0.90061 [0.2156] and -0.67654 [0.2428] respectively. 
4 In specification (3) the overall effect of the sample size in RETA is 0.00018 [0.2316]. In specification (4) the overall effect of the sample 
size in RETA is 0.00027 [0.0208]; the overall effect of turnover coverage in BUIL and RETA is -1.05018 [0.2477] and -1.19377 [0.0407] 
respectively. 
5 In specification (5) the overall effect of the sample size in RETA and CONS is 0.00019 [0.4074] and -0.00086 [0.0000] respectively; the 
overall effect of survey method “other” in CONS is -0.49468 [0.0010]. 
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Table 6: Estimated effects of survey characteristics on MCD (sample size, weighting scheme A) 

 (1) (2) (3) (4) (5) 
INDU Coef. t-ratio Coef. t-ratio Coef. t-ratio Coef. t-ratio Coef. t-ratio 
Constant 3.53297 10.43 3.33825 9.58 3.59699 12.46 3.39935 9.51 3.70626 8.30 
Sample -0.00033 -2.80 -0.00040 -4.99 -0.00045 -6.17 -0.00042 -4.68 -0.00035 -3.18 
Response rate -0.46146 -1.70 -0.25762 -0.64 -0.41973 -1.42 -0.31124 -0.71 -0.37047 -0.71 
Coverage           
Employment   -0.11337 -0.33   0.07146 0.15 0.11179 0.20 
Turnover   0.76579 1.72   0.17363 0.37 -0.18008 -0.41 
Weighting scheme A [other]           
Employment      0.11544 0.41 0.04374 0.13 0.18900 0.58 
Output (value added/turnover)     0.38633 2.04 0.39953 2.02 0.41390 1.90 
Sampling frame (mn.)         0.09115 5.16 
Survey method [CATI-Telephone]           
Online/email         -0.69695 -2.26 
Fax         0.26305 0.69 
Post         0.21923 0.77 
Other         0.61708 1.99 
SERV           
Constant [INDU] 0.25043 0.64 0.33794 1.15 0.12553 0.51 0.14973 0.59 0.08613 0.32 
Sample [INDU] -0.00003 -0.200 INDU INDU INDU INDU INDU INDU INDU INDU 
Response rate INDU INDU INDU INDU INDU INDU INDU INDU INDU INDU 
Coverage           
Employment   INDU INDU   INDU INDU INDU INDU 
Turnover   -0.48249 -0.64   INDU INDU INDU INDU 
Weighting scheme A [other]           
Employment      INDU INDU INDU INDU INDU INDU 
Output (value added/turnover)     INDU INDU INDU INDU INDU INDU 
Sampling frame (mn.)         INDU INDU 
Survey method [CATI-Telephone]           
Online/email         INDU INDU 
Fax         INDU INDU 
Post         INDU INDU 
Other         INDU INDU 
BUIL           
Constant [INDU] 0.31347 0.84 0.48206 1.45 0.10501 0.36 0.39226 1.05 0.20688 0.68 
Sample [INDU] -0.00020 -1.12 INDU INDU INDU INDU INDU INDU INDU INDU 
Response rate INDU INDU INDU INDU INDU INDU INDU INDU INDU INDU 
Coverage           
Employment   INDU INDU   INDU INDU INDU INDU 
Turnover   -1.66641 -2.07   -1.22381 -1.30 INDU INDU 
Weighting scheme A [other]           
Employment      INDU INDU INDU INDU INDU INDU 
Output (value added/turnover)     INDU INDU INDU INDU INDU INDU 
Sampling frame (mn.)         INDU INDU 
Survey method [CATI-Telephone]           
Online/email         INDU INDU 
Fax         INDU INDU 
Post         INDU INDU 
Other         INDU INDU 
RETA           
Constant [INDU] 0.21273 0.59 0.41273 1.20 -0.04395 -0.13 0.20682 0.56 0.04201 0.12 
Sample [INDU] 0.00047 2.51 0.00059 3.95 0.00064 3.72 0.00069 4.81 0.00054 2.31 
Response rate INDU INDU INDU INDU INDU INDU INDU INDU INDU INDU 
Coverage           
Employment   INDU INDU   INDU INDU INDU INDU 
Turnover   -1.44234 -2.02   -1.36741 -1.92 INDU INDU 
Weighting scheme A [other]           
Employment      INDU INDU INDU INDU INDU INDU 
Output (value added/turnover)     INDU INDU INDU INDU INDU INDU 
Sampling frame (mn.)         INDU INDU 
Survey method [CATI-Telephone]           
Online/email         INDU INDU 
Fax         INDU INDU 
Post         INDU INDU 
Other         INDU INDU 
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Table 6: continued 
 (1) (2) (3) (4) (5) 
CONS Coef. t-ratio Coef. t-ratio Coef. t-ratio Coef. t-ratio Coef. t-ratio 
Constant [INDU] 0.50341 1.03 0.03724 0.10 0.60135 2.88 -0.06365 -0.14 -0.37551 -0.80 
Sample [INDU] -0.00005 -0.21 INDU INDU INDU INDU INDU INDU -0.00052 -2.43 
Response rate INDU INDU INDU INDU INDU INDU INDU INDU INDU INDU 
Coverage   1669.53 2.24   3094.23 4.63 3850.69 13.69 
Weighting scheme [other]           
Age, gender     0.38265 1.06 0.21208 0.75 0.23847 1.37 
Region     -0.769421 -1.79 -1.910213 -5.04 -1.71196 -12.06 
Sampling frame (mn.)         INDU INDU 
Survey method [CATI-Telephone]           
Online/email         INDU INDU 
Fax         - - 
Post         - - 
Other         -1.11176 -3.45 
Obs. 128 109 110 92 85 
R2 0.28750 0.34830 0.38020 0.44850 0.47130 
Root MSE 0.81660 0.83517 0.80746 0.84227 0.82739 

Note:1. The reference group for the fixed effects is INDU 
2. The reference group for the different survey characteristics is given in square brackets. 
3. The t-ratios reported are computed using heteroscedasticity robust standard errors. 

Weighting by a popular measure such as employment, value added or turnover at firm level lowers MCD for 
INDU, while it tends to increase MCD for SERV and RETA. Specifications (1) and (2) indicate that at stratum level 
weighting by employment or output increases MCD in INDU but has no effect on the MCD of other surveys. 6 
When the sampling frame and survey methods are included in specification (3), the significance of the results 
regarding weighting scheme B is slightly altered. At firm level, weighting by employment, value added or 
turnover does not seem to affect volatility in INDU and BUIL but it tends to increase MCD in SERV and RETA. At 
stratum level weighting by employment or output decreases significantly MCD only in SERV.7 

As in Table 6, all specifications in Table 7 result in a negative and significant effect of the use region weights on 
MCD in CONS. The size of the sampling frame affects positively MCD, similarly to specification (5) in Table 6. 
Moreover, using web or email in the conduct of the surveys lowers MCD, while the opposite is found for “other” 
method in business surveys. 

 

 

 

 

 

 

                                                 
6 In specification (1) the overall effect of the sample size in RETA is 0.00017 [0.1754]; the overall effect of firm-level weighting by 
employment, value added or turnover in BUIL, SERV and RETA is -0.2530 [0.7364], 0.8725 [0.0138] and 0.9482 [0.0590], respectively; the 
overall effect of stratum-level weighting by employment, value added or turnover in BUIL, SERV and RETA is 0.2685 [0.7209], -0.3801 
[0.4735] and -0.1799 [0.6863], respectively. In specification (2) the overall effect of the sample size in RETA is 0.00018 [0.1623]; the 
overall effect of firm-level weighting in BUIL, SERV and RETA is -0.2405 [0.7571], 0.8418 [0.0175] and 0.9153 [0.0724], respectively; the 
overall effect of stratum-level weighting in BUIL, SERV and RETA is 0.2275 [0.7717], -0.3556 [0.5313] and -0.1904 [0.6735], respectively. 
7 In specification (3) the overall effect of the sample size in RETA is 0.00004 [0.6879]; the overall effect of firm-level weighting by 
employment, value added or turnover in SERV, RETA and BUIL is 1.3710 [0.0001], 1.4166 [0.0011] and -0.0893 [0.8753], respectively; the 
overall effect of stratum-level weighting by employment, value added or turnover in SERV, RETA and BUIL is -1.4176 [0.0001],-0.3903 
[0.3021] and 0.4275 [0.4634], respectively; the overall effect of survey method “other” in CONS is -0.32317 [0.1833]. 
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Table 7: Estimated effects of survey characteristics on MCD (sample size, weighting scheme B) 

 (1) (2) (3) 
INDU Coef. t-ratio Coef. t-ratio Coef. t-ratio 
Constant 3.62209 11.87 3.60727 10.15 4.19833 9.96 
Sample  -0.00044 -5.57 -0.00043 -4.63 -0.00041 -3.91 
Response rate -0.44297 -1.44 -0.37546 -0.81 -0.38266 -0.71 
Coverage       
Employment   -0.03423 -0.08 0.22981 0.52 
Turnover   -0.13699 -0.34 0.37196 0.91 
Weighting scheme B [firm: other, stratum: other]        
Firm level: employment, value added, turnover -0.92489 -3.06 -0.95059 -2.54 -0.43471 -0.75 
Stratum level: employment, value added, turnover 0.98888 3.65 1.01470 2.94 0.12257 0.21 
Sampling frame (mn.)     0.07168 3.91 
Survey method [CATI-Telephone]       
Online/email     -0.97777 -2.9 
Fax     0.20875 0.53 
Post     0.28888 0.99 
Other     0.62328 2.44 
SERV       
Constant [INDU] -0.03015 -0.06 -0.03739 -0.07 0.16838 0.77 
Sample [INDU] INDU INDU INDU INDU INDU INDU 
Response rate INDU INDU INDU INDU INDU INDU 
Coverage       
Employment   INDU INDU INDU INDU 
Turnover   INDU INDU INDU INDU 
Weighting scheme B [firm: other, stratum: other]        
Firm level: employment, value added, turnover 1.79743 4.35 1.79243 4.27 1.80567 3.03 
Stratum level: employment, value added, turnover -1.36900 -2.49 -1.37035 -2.32 -1.54018 -2.88 
Sampling frame (mn.)     INDU INDU 
Survey method [CATI-Telephone]       
Online/email     INDU INDU 
Fax     INDU INDU 
Post     INDU INDU 
Other     INDU INDU 
BUIL       
Constant [INDU] 0.14762 0.42 0.15871 0.43 -0.2721 -0.66 
Sample [INDU] INDU INDU INDU INDU INDU INDU 
Response rate INDU INDU INDU INDU INDU INDU 
Coverage       
Employment   INDU INDU INDU INDU 
Turnover   INDU INDU INDU INDU 
Weighting scheme B [firm: other, stratum: other]        
Firm level: employment, value added, turnover 0.67186 0.83 0.71010 0.81 0.34541 0.42 
Stratum level: employment, value added, turnover -0.72039 -0.93 -0.78720 -0.94 0.30498 0.37 
Sampling frame (mn.)     INDU INDU 
Survey method [CATI-Telephone]       
Online/email     INDU INDU 
Fax     INDU INDU 
Post     INDU INDU 
Other     INDU INDU 
RETA       
Constant [INDU] -0.34558 -1.16 -0.33649 -1.05 -0.70046 -1.86 
Sample [INDU] 0.00062 4.12 0.00062 4.08 0.00046 3.71 
Response rate INDU INDU INDU INDU INDU INDU 
Coverage       
Employment   INDU INDU INDU INDU 
Turnover   INDU INDU INDU INDU 
Weighting scheme B [firm: other, stratum: other]        
Firm level: employment, value added, turnover 1.87312 3.19 1.86589 3.02 1.85128 2.79 
Stratum level: employment, value added, turnover -1.16877 -2.27 -1.20505 -2.21 -0.51288 -0.77 
Sampling frame (mn.)     INDU INDU 
Survey method [CATI-Telephone]       
Online/email     INDU INDU 
Fax     INDU INDU 
Post     INDU INDU 
Other     INDU INDU 

 
 
 



17 

Table 7: continued 
 (1) (2) (3) 
CONS Coef. t-ratio Coef. t-ratio Coef. t-ratio 
Constant [INDU] 0.57614 2.42 -0.33649 -1.05 -1.46006 -3.43 
Sample [INDU] INDU INDU INDU INDU INDU INDU 
Response rate INDU INDU INDU INDU INDU INDU 
Coverage   3093.86100 4.51 3647.12200 10.98 
Weighting scheme [other]       
Age, gender 0.38778 1.04 0.19196 0.66 0.56493 2.31 
Region -0.76889 -1.73 -1.90549 -4.99 -1.95524 -6.93 
Sampling frame (mn.)     INDU INDU 
Survey method [CATI-Telephone]       
Online/email     INDU INDU 
Fax     - - 
Post     - - 
Other     -0.94645 -3.12 
Obs. 110 92 85 
R2 0.42660 0.45670 0.56150 
Root MSE 0.80157 0.85920 0.78535 

Note:1. The reference group for the fixed effects is INDU 
2. The reference group for the different survey characteristics is given in square brackets. 
3. The t-ratios reported are computed using heteroscedasticity robust standard errors. 

3.1.2 Effective sample size 

The effect of effective sample size on MCD is analysed using models similar to those employed in the case of the 
sample size. Table 8 presents the estimation results from specifications that include as a regressor the effective 
sample size, as well as a number of other survey characteristics such as coverage and weighting scheme A. 
Specification (1) provides evidence of a negative relation between the effective sample and MCD. More 
specifically, larger effective sample is associated with lower MCD for all surveys except RETA. This finding arises 
also in specifications (2) – (5). 8 

Coverage in terms of employment does not seem to influence MCD in business surveys, while coverage reported 
in terms of turnover is found to affect MCD in some specifications, though evidence is rather weak. For example, 
higher coverage in terms of turnover is associated with higher MCD for INDU in specification (2) and with lower 
MCD for RETA in specification (4). In all specifications coverage impacts positively on MCD for CONS. 

Weighting the results of business surveys by output measures could lead to higher MCD, though evidence is not 
very strong; employment weights do not appear to play any role in shaping MCD. Regarding consumer surveys, 
region weights seem to have a negative effect on MCD, while age or gender weights are not found to affect 
MCD. 

From specification (5) evidence of a positive effect of the sampling frame on MCD is found. Furthermore, 
surveys conducted via web or email tend to decrease MCD; consumer surveys carried out using “other” methods 
are also associated with lower MCD. 

Table 9 presents the effects of various survey characteristics on MCD by employing weighting scheme B whereby 
the impact of firm-level and stratum-level weighting can be assessed. The size of the effective sample influences 
negatively MCD in all surveys except RETA; the findings are along the lines of those reported in Table 8. 

 

                                                 
8 In specification (1) the overall effect of the effective sample in SERV, BUIL, RETA and CONS is -0.00042 [0.0110], -0.00062 [0.0000], 
0.00003 [0.8846] and -0.00052 [0.0139] respectively. In specification (2) the overall effect of the effective sample in RETA is 0.00015 
[0.4837]; the overall effect of turnover coverage in SERV, BUIL and RETA is 0.4080 [0.5501], -0.8918 [0.2148] and -0.7653 [0.2316], 
respectively. In specification (3) and (4) the overall effect of the effective sample in RETA is 0.00008 [0.7016] and 0.00028 [0.2305] 
respectively. In specification (4) the overall effect of turnover coverage in BUIL and RETA is -1.0497 [0.2441] and -1.3640 [0.0463], 
respectively. In specification (5) the overall effect of the effective sample in RETA and CONS is 0.00017 [0.5272] and -0.00121 [0.0000] 
respectively; the overall effect of survey method “other” in CONS is -0.54252 [0.0000]. 
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Table 8: Estimated effects of survey characteristics on MCD (effective sample, weighting scheme A) 
 (1) (2) (3) (4) (5) 
INDU Coef. t-ratio Coef. t-ratio Coef. t-ratio Coef. t-ratio Coef. t-ratio 
Constant 3.11702 12.63 3.01825 12.73 3.19810 14.56 3.04944 11.63 3.37599 10.46 
Effective sample -0.00038 -3.09 -0.00047 -4.72 -0.00052 -6.14 -0.00051 -4.34 -0.00041 -3.52 
Coverage           
Employment   -0.02551 -0.08   0.16703 0.33 0.17149 0.29 
Turnover   0.83542 1.92   0.30285 0.62 -0.11595 -0.26 
Weighting scheme A [other]           
Employment      0.11729 0.43 0.00166 0.01 0.18637 0.59 
Output (value added/turnover)     0.34021 1.82 0.34130 1.74 0.37992 1.74 
Sampling frame (mn.)         0.09649 6.40 
Survey method [CATI-Telephone]           
Online/email         -0.71936 -2.52 
Fax         0.26992 0.72 
Post         0.21236 0.80 
Other         0.58519 2.04 
SERV           
Constant [INDU] 0.21944 0.64 0.30420 1.05 0.08242 0.33 0.12800 0.48 0.06142 0.23 
Effective sample [INDU] -0.00004 -0.18 INDU INDU INDU INDU INDU INDU INDU INDU 
Coverage           
Employment   INDU INDU   INDU INDU INDU INDU 
Turnover   -0.42738 -0.55   INDU INDU INDU INDU 
Weighting scheme A [other]           
Employment      INDU INDU INDU INDU INDU INDU 
Output (value added/turnover)     INDU INDU INDU INDU INDU INDU 
Sampling frame (mn.)         INDU INDU 
Survey method [CATI-Telephone]           
Online/email         INDU INDU 
Fax         INDU INDU 
Post         INDU INDU 
Other         INDU INDU 
BUIL           
Constant [INDU] 0.33767 1.02 0.54149 1.66 0.14979 0.52 0.46216 1.27 0.23996 0.82 
Effective sample [INDU] -0.00024 -1.33 INDU INDU INDU INDU INDU INDU INDU INDU 
Coverage           
Employment   INDU INDU   INDU INDU INDU INDU 
Turnover   -1.72726 -2.17   -1.35256 -1.44 INDU INDU 
Weighting scheme A [other]           
Employment      INDU INDU INDU INDU INDU INDU 
Output (value added/turnover)     INDU INDU INDU INDU INDU INDU 
Sampling frame (mn.)         INDU INDU 
Survey method [CATI-Telephone]           
Online/email         INDU INDU 
Fax         INDU INDU 
Post         INDU INDU 
Other         INDU INDU 
RETA           
Constant [INDU] 0.44413 1.38 0.66281 2.13 0.23777 0.78 0.49362 1.47 0.17579 0.57 
Effective sample [INDU] 0.00041 1.85 0.00061 2.65 0.00060 2.68 0.00079 3.06 0.00058 2.16 
Coverage           
Employment   INDU INDU   INDU INDU INDU INDU 
Turnover   -1.60073 -2.07   -1.66684 -2.03 INDU INDU 
Weighting scheme A [other]           
Employment      INDU INDU INDU INDU INDU INDU 
Output (value added/turnover)     INDU INDU INDU INDU INDU INDU 
Sampling frame (mn.)         INDU INDU 
Survey method [CATI-Telephone]           
Online/email         INDU INDU 
Fax         INDU INDU 
Post         INDU INDU 
Other         INDU INDU 
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Table 8: continued 
 (1) (2) (3) (4) (5) 
CONS Coef. t-ratio Coef. t-ratio Coef. t-ratio Coef. t-ratio Coef. t-ratio 
Constant [INDU] 0.55278 1.51 0.15646 0.43 0.53188 2.42 0.03893 0.09 0.17452 0.51 
Effective sample [INDU] -0.00014 -0.58 INDU INDU INDU INDU INDU INDU -0.00080 -4.30 
Coverage   1521.74 2.01   3027.63 4.49 3656.68 22.48 
Weighting scheme [other]           
Age, gender     0.41993 1.11 0.19170 0.73 -0.20673 -1.96 
Region     -0.72719 -1.69 -1.96632 -5.32 -1.74087 -21.85 
Sampling frame (mn.)         INDU INDU 
Survey method [CATI-Telephone]           
Online/email         INDU INDU 
Fax         - - 
Post         - - 
Other         -1.12771 -3.86 
      
Obs. 128 109 110 92 85 
R2 0.26790 0.32740 0.35010 0.42240 0.46260 
Root MSE 0.82421 0.84397 0.82267 0.85623 0.82763 

Note:1. The reference group for the fixed effects is INDU 
2. The reference group for the different survey characteristics is given in square brackets. 
3. The t-ratios reported are computed using heteroscedasticity robust standard errors. 

Table 9: Estimated effects of survey characteristics on MCD (effective sample, weighting scheme B) 
 (1) (2) (3) 
INDU Coef. t-ratio Coef. t-ratio Coef. t-ratio 
Constant 3.21003 12.90 3.19734 12.12 3.86832 12.15 
Effective sample -0.00050 -5.78 -0.00051 -4.35 -0.00050 -4.41 
Coverage       
Employment   0.11663 0.28 0.35482 0.79 
Turnover   -0.05342 -0.13 0.44551 1.07 
Weighting scheme B [firm: other, stratum: other]        
Firm level: employment, value added, turnover -0.92626 -3.31 -0.92687 -2.72 -0.35331 -0.63 
Stratum level: employment, value added, turnover 0.95601 3.76 0.94341 3 0.02564 0.05 
Sampling frame (mn.)     0.09339 7.43 
Survey method [CATI-Telephone]       
Online/email     -0.99542 -3.19 
Fax     0.19515 0.51 
Post     0.23288 0.86 
Other     0.62358 2.75 
SERV       
Constant [INDU] -0.08141 -0.16 -0.09148 -0.17 0.14542 0.60 
Effective sample [INDU] INDU INDU INDU INDU INDU INDU 
Coverage       
Employment   INDU INDU INDU INDU 
Turnover   INDU INDU INDU INDU 
Weighting scheme B [firm: other, stratum: other]        
Firm level: employment, value added, turnover 1.75443 4.12 1.74509 3.99 1.74284 3.05 
Stratum level: employment, value added, turnover -1.32083 -2.28 -1.29884 -2.15 -1.49943 -2.92 
Sampling frame (mn.)     INDU INDU 
Survey method [CATI-Telephone]       
Online/email     INDU INDU 
Fax     INDU INDU 
Post     INDU INDU 
Other     INDU INDU 

In specification (1) and (2) firm-level weights using employment, value added or turnover tend to decrease MCD 
in INDU. In all specifications, firm-level weights based on employment or output increase MCD in SERV and 
RETA. The opposite results are found in the case of stratum-level weighting based on output or employment. In 
specification (1) and (2) stratum-level weighting using the popular measures is associated with higher MCD in 
INDU (specification (1) and (2)) and with lower MCD in SERV (specification (3)). Weights in consumer survey 
based on region are associated with lower volatility, while those based on gender or age do not have a 
significant effect on MCD. From specification (3), larger sampling frames tend to be related with higher MCD. 
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Furthermore, surveys conducted using the web or email lead to lower MCD and consumer surveys carried out 
through “other” methods tend to lower MCD. 9 

Table 9: continued 
 (1) (2) (3) 
BUIL Coef. t-ratio Coef. t-ratio Coef. t-ratio 
Constant [INDU] 0.16863 0.48 0.16494 0.45 -0.26284 -0.66 
Effective sample [INDU] INDU INDU INDU INDU INDU INDU 
Coverage       
Employment   INDU INDU INDU INDU 
Turnover   INDU INDU INDU INDU 
Weighting scheme B [firm: other, stratum: other]        
Firm level: employment, value added, turnover 0.65572 0.81 0.64980 0.74 0.27086 0.33 
Stratum level: employment, value added, turnover -0.64808 -0.82 -0.63183 -0.75 0.43259 0.52 
Sampling frame (mn.)     INDU INDU 
Survey method [CATI-Telephone]       
Online/email     INDU INDU 
Fax     INDU INDU 
Post     INDU INDU 
Other     INDU INDU 
RETA       
Constant [INDU] 0.12262 0.32 0.12222 0.30 -0.57267 -1.71 
Effective sample [INDU] 0.00050 3.90 0.00050 3.62 0.00051 3.75 
Coverage       
Employment   INDU INDU INDU INDU 
Turnover   INDU INDU INDU INDU 
Weighting scheme B [firm: other, stratum: other]        
Firm level: employment, value added, turnover 1.92594 3.48 1.91340 3.25 1.84203 2.87 
Stratum level: employment, value added, turnover -1.45553 -2.76 -1.45910 -2.56 -0.55517 -0.88 
Sampling frame (mn.)     INDU INDU 
Survey method [CATI-Telephone]       
Online/email     INDU INDU 
Fax     INDU INDU 
Post     INDU INDU 
Other     INDU INDU 
CONS       
Constant [INDU] 0.49972 1.96 -0.10962 -0.23 -0.32691 -0.96 
Effective sample [INDU] INDU INDU INDU INDU -0.00068 -4.07 
Coverage   3027.63300 4.37 3625.97600 24.79 
Weighting scheme [other]       
Age, gender 0.42788 1.10 0.19209 0.71 -0.19779 -1.93 
Region -0.73414 -1.66 -1.96643 -5.18 -1.73506 -21.11 
Sampling frame (mn.)     INDU INDU 
Survey method [CATI-Telephone]       
Online/email     INDU INDU 
Fax     - - 
Post     - - 
Other     -1.16860 -5.08 
    
Obs. 110 92 85 
R2 0.3954 0.4272 0.561 
Root MSE 0.81865 0.87606 0.78579 

Note:1. The reference group for the fixed effects is INDU 
2. The reference group for the different survey characteristics is given in square brackets. 
3. The t-ratios reported are computed using heteroscedasticity robust standard errors. 

                                                 
9 In specification (1) the overall effect of the effective sample size in RETA is 0.00000 [0.9939]; the overall effect of firm-level weighting by 
employment, value added or turnover in SERV, BUIL and RETA is 0.8282 [0.0179], -0.2705 [0.7235] and 0.9997 [0.0387], respectively; the 
overall effect of stratum-level weighting by employment, value added or turnover in SERV, BUIL and RETA is -0.3648 [0.4865], 0.3079 
[0.6868] and -0.4995 [0.2828], respectively. In specification (2) the overall effect of effective sample size in RETA is 0.00000 [0.9849]; the 
overall effect of firm-level weighting in SERV, BUIL and RETA is 0.8182 [0.0350], -0.2771 [0.7244] and 0.9865 [0.0592], respectively; the 
overall effect of stratum-level weighting in SERV, BUIL and RETA is -0.3554 [0.5327], 0.3116 [0.6914] and -0.5157 [0.3066], respectively. In 
specification (3) the overall effect of effective sample size in RETA and CONS is 0.00001 [0.9366] and -0.00119 [0.0000] respectively; the 
overall effect of firm-level weighting in SERV, BUIL and RETA is 1.3895 [0.0000], -0.0825 [0.8901] and 1.4887 [0.0008], respectively; the 
overall effect of stratum-level weighting in SERV, BUIL and RETA is -1.4738 [0.0000], 0.4582 [0.4465] and -0.5295 [0.1644], respectively; 
the overall effect of survey method “other” in CONS is -0.54502 [0.0000]. 
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3.2 Forecast error10 

3.2.1 Sample size 

As in the case of MCD, we estimate a number of alternative regression models to assess the effects of sample 
size on forecast error. Table 10 shows the estimation results from five specifications for the forecast error, 
starting from a simple model that includes only the sample size and response rate, and gradually adding other 
survey characteristics such as coverage, weighting scheme A, sampling frame and survey methods. In 
specification (1) the sample size is found to have a small positive influence on the forecast error, while the 
response rate is insignificant. In particular the effect of the sample size is significant in the case of BUIL and to a 
smaller degree in the case of INDU.11 

In specification (2) where survey coverage is also included the positive effect of the sample size becomes more 
prominent for all BCS indicators except for SERV, where the sample size has no impact on the forecast error. 
Higher response rate is associated with lower forecast error for INDU and SERV, but the opposite is found for 
CONS. Higher coverage in business surveys tends to increase forecast errors with the effect being stronger in the 
case of turnover coverage in INDU and SERV. Higher turnover in consumer surveys appears to increase the 
relevant forecast error.12 

The effects of weighting scheme A on forecast errors is examined in specification (3). The only weights to have 
some impact on the forecast errors are those based on employment; in the case of INDU and BUIL employment-
based weights are associated with higher forecast errors compared to other weighting methods. As in the 
previous specifications higher sample size is found to increase forecast errors in the case of all indicators but 
SERV. Higher response rate in consumer survey once again seems to lead to higher forecast error.13 

Specification (4) includes both coverage and weighting scheme A. Only coverage in terms of employment has a 
marginally significant positive effect on forecast errors in the case of INDU, while employment coverage for 
SERV and BUIL, turnover coverage in general and coverage in CONS do not seem to influence forecast errors. 
Moreover, the weighting scheme in business surveys is insignificant in specification (4), while weights based on 
age/gender and region are found to decrease and increase the forecast error respectively. The sample size in 
INDU and BUIL continues to generate a positive effect on the forecast error. In the case of CONS higher sample 
size is found to lower the forecast error.14 

Specification (5) is the most general as it includes also the size of the sampling frame and the survey method. 
The results regarding the sample size are similar to those in specification (4). The weighting scheme is 
insignificant except in the case of CONS where the use of age/gender weights lowers the forecast error. Larger 
sampling frames tend to decrease forecast errors. Surveys conducted via email or internet are found to result in 
higher forecast error compared to other methods.15 

 

                                                 
10 The empirical analysis regarding the forecast error does not cover RETA as the forecast errors were made available at a later stage. 
However, the inclusion of forecast errors for RETA in the preliminary analysis and in the analysis of section 3.4 indicates that that the 
inclusion of RETA forecast errors in the regressions of this sections is unlikely to change dramatically the results. 
11 In specification (1) the overall effect of the sample size in SERV, BUIL and CONS is 0.00002 [0.2037], 0.00002 [0.0132] and 0.00002 
[0.3817], respectively. 
12 In specification (2) the overall effect of the sample size in SERV is 0.00001 [0.5197]; the overall effect of employment coverage in SERV 
and BUIL is -0.09501 [0.3181] and -0.01191 [0.8209], respectively; the overall effect of turnover coverage in BUIL is -0.04583 [0.4685]; the 
overall effect of the response rate in BUIL and CONS is 0.13373 [0.1588] and 0.26738 [0.0000] respectively. 
13 In specification (3) the overall effect of the sample size in SERV is 0.00000 [0.9384]; the overall effect of employment-based weights in 
SERV is -0.00625 [0.6553]; the overall effect of the response rate in CONS is 0.15166 [0.0212]. 
14 In specification (4) the overall effect of the sample size in SERV and CONS is 0.00000 [0.8662] and -0.00012 [0.0017] respectively; the 
overall effect of coverage in terms of employment in SERV and BUIL is -0.01565 [0.8106] and -0.03996 [0.6140] respectively. 
15 In specification (5) the overall effect of the sample size in SERV and CONS is -0.00001 [0.3502] and -0.00009 [0.0189] respectively. 
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Table 10: Estimated effects of survey characteristics on forecast error (sample size, weighting scheme A) 
 (1) (2) (3) (4) (5) 
INDU Coef. t-ratio Coef. t-ratio Coef. t-ratio Coef. t-ratio Coef. t-ratio 
Constant 0.84623 19.46 0.85639 15.74 0.85803 20.89 0.79779 12.27 0.82837 12.99 
Sample 0.00003 1.81 0.00004 2.85 0.00003 2.81 0.00004 2.53 0.00003 1.90 
Response rate 0.05299 1.24 -0.10379 -2.06 -0.01230 -0.26 -0.02295 -0.49 -0.04520 -0.96 
Coverage           
  Employment   0.14557 1.70   0.16669 1.78 0.05507 0.79 
  Turnover   0.09782 2.44   0.03555 1.02 0.01417 0.28 
Weighting scheme A [other]           
  Employment      0.06836 1.93 0.02257 0.88 0.02942 1.37 
  Output (value added/turnover)     0.02445 1.13 0.01994 0.92 0.03302 1.11 
Sampling frame (mn.)         -0.00559 -1.83 
Survey method [CATI-Telephone]           
  Online/email         0.07864 1.99 
  Fax         -0.05249 -1.47 
  Post         -0.02379 -0.60 
  Other         -0.01486 -0.32 
SERV           
Constant [INDU] 0.08746 1.65 0.20974 3.36 0.15787 3.94 0.21899 3.64 0.16716 3.82 
Sample [INDU] -0.00001 -0.62 -0.00003 -1.76 -0.00003 -2.50 -0.00004 -2.42 -0.00004 -2.29 
Response rate INDU INDU INDU INDU INDU INDU INDU INDU INDU INDU 
Coverage           
  Employment   -0.24059 -2.08   -0.18234 -1.93 INDU INDU 
  Turnover   INDU INDU   INDU INDU INDU INDU 
Weighting scheme A [other]           
  Employment      -0.07461 -2.02 INDU INDU INDU INDU 
  Output (value added/turnover)     INDU INDU INDU INDU INDU INDU 
Sampling frame (mn.)         INDU INDU 
Survey method [CATI-Telephone]           
Online/email         INDU INDU 
Fax         INDU INDU 
Post         INDU INDU 
Other         INDU INDU 
BUIL           
Constant [INDU] 0.09981 2.25 0.02689 0.30 0.10930 3.39 0.18048 2.81 0.11424 3.33 
Sample [INDU] -0.00001 -0.42 INDU INDU INDU INDU INDU INDU INDU INDU 
Response rate INDU INDU 0.23752 2.19 INDU INDU INDU INDU INDU INDU 
Coverage           
  Employment   -0.15748 -1.54   -0.20665 -1.66 INDU INDU 
  Turnover   -0.14365 -1.99   INDU INDU INDU INDU 
Weighting scheme A [other]           
  Employment      INDU INDU INDU INDU INDU INDU 
  Output (value added/turnover)     INDU INDU INDU INDU INDU INDU 
Sampling frame (mn.)         INDU INDU 
Survey method [CATI-Telephone]           
Online/email         INDU INDU 
Fax         INDU INDU 
Post         INDU INDU 
Other         INDU INDU 
CONS           
Constant [INDU] 0.06341 1.19 -0.21455 -3.88 -0.02605 -0.40 0.44886 4.21 0.49542 3.29 
Sample [INDU] -0.00001 -0.41 INDU INDU INDU INDU -0.00015 -3.84 -0.00012 -3.07 
Response rate INDU INDU 0.37117 4.86 0.16397 2.03 INDU INDU INDU INDU 
Coverage   165.9735 3.35   4.31506 0.05 -145.7132 -1.09 
Weighting scheme [other]           
  Age, gender     -0.00734 -0.17 -0.14184 -3.73 -0.14372 -6.06 
  Region     -0.02168 -0.54 0.06461 1.98 0.08639 1.48 
Sampling frame (mn.)         INDU INDU 
Survey method [CATI-Telephone]           
Online/email         INDU INDU 
Fax         INDU INDU 
Post           
Other           
Obs. 89 72 78 62 57 
R2 0.2136 0.4608 0.3944 0.5154 0.5689 
Root MSE 0.0812 0.07335 0.0712 0.0689 0.0708 

Note:1. The reference group for the fixed effects is INDU 
2. The reference group for the different survey characteristics is given in square brackets. 
3. The t-ratios reported are computed using heteroscedasticity robust standard errors. 
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Table 11: Estimated effects of survey characteristics on forecast error (sample size, weighting scheme B) 
 (1) (2) (3) 
INDU Coef. t-ratio Coef. t-ratio Coef. t-ratio 
Constant 0.79088 15.70 0.78458 13.61 0.78887 14.23 
Sample  0.00002 2.76 0.00003 3.49 0.00003 3.29 
Response rate 0.08561 1.75 -0.05072 -1.20 -0.10376 -2.42 
Coverage       
  Employment   0.11715 2.08 0.11066 1.91 
  Turnover   0.08181 2.02 0.07501 1.66 
Weighting scheme B [firm: other, stratum: other]        
  Firm level: employment, value added, turnover 0.05126 0.92 0.10006 2.06 0.0890 2.07 
  Stratum level: employment, value added, turnover -0.01281 -0.24 -0.02157 -0.48 0.01231 0.27 
Sampling frame (mn.)     -0.00623 -2.12 
Survey method [CATI-Telephone]       
  Online/email     0.08819 2.60 
  Fax     -0.04309 -1.18 
  Post     -0.05878 -1.63 
  Other     -0.00906 -0.28 
SERV       
Constant [INDU] 0.23146 5.04 0.28333 4.07 0.28472 3.93 
Sample [INDU] -0.00002 -1.80 -0.00004 -3.04 -0.00005 -2.78 
Response rate -0.13065 -2.07 INDU INDU INDU INDU 
Coverage       
  Employment   -0.1633 -2.21 -0.15817 -1.74 
  Turnover   INDU INDU INDU INDU 
Weighting scheme B [firm: other, stratum: other]        
  Firm level: employment, value added, turnover INDU INDU -0.09113 -2.22 -0.08584 -1.84 
  Stratum level: employment, value added, turnover INDU INDU INDU INDU INDU INDU 
Sampling frame (mn.)     INDU INDU 
Survey method [CATI-Telephone]       
Online/email     INDU INDU 
Fax     INDU INDU 
Post     INDU INDU 
Other     INDU INDU 
BUIL       
Constant [INDU] 0.09957 3.69 0.14272 3.93 0.15854 4.76 
Sample [INDU] INDU INDU INDU INDU INDU INDU 
Response rate INDU INDU INDU INDU INDU INDU 
Coverage       
  Employment   INDU INDU INDU INDU 
  Turnover   -0.13503 -1.77 -0.13212 -1.72 
Weighting scheme B [firm: other, stratum: other]        
  Firm level: employment, value added, turnover INDU INDU INDU INDU INDU INDU 
  Stratum level: employment, value added, turnover INDU INDU INDU INDU INDU INDU 
Sampling frame (mn.)     INDU INDU 
Survey method [CATI-Telephone]       
Online/email     INDU INDU 
Fax     INDU INDU 
Post     INDU INDU 
Other     INDU INDU 
CONS       
Constant [INDU] 0.09704 2.51 0.50966 5.03 0.62416 5.64 
Sample [INDU] INDU INDU -0.00016 -4.29 -0.00013 -4.59 
Response rate INDU INDU INDU INDU INDU INDU 
Coverage   -11.42101 -0.13 -183.6587 -1.73 
Weighting scheme [other]       
  Age, gender -0.01007 -0.22 -0.14851 -3.88 -0.15346 -6.56 
  Region -0.01308 -0.31 0.06959 2.03 0.09085 2.12 
Sampling frame (mn.)     INDU INDU 
Survey method [CATI-Telephone]       
Online/email     INDU INDU 
Fax     INDU INDU 
Post     INDU INDU 
Other     INDU INDU 
Obs. 78 62 57 
R2 0.3758 0.6009 0.7162 
Root MSE 0.0717 0.0633 0.0599 

Note:1. The reference group for the fixed effects is INDU 
2. The reference group for the different survey characteristics is given in square brackets. 
3. The t-ratios reported are computed using heteroscedasticity robust standard errors. 
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Table 11 shows the estimated effects of different survey characteristics on the forecast error using weighting 
scheme B for business survey indicators. Weighting survey results at firm or stratum level by a popular measure 
(e.g. output or employment), has no influence on the forecast errors according to specification (1). The sample 
size affects positively the forecast error (as in Table 10 specifications 2-3) and the response rate in INDU, BUIL 
and CONS has a marginally significant positive effect on the forecast error.16 

The picture in specifications (2) and (3) is somewhat different than in (1). Higher sample sizes in INDU and BUIL 
leads to higher forecast error, while the opposite is found for CONS. The use of output or employment weights 
at firm level is associated with larger forecast errors in INDU and BUIL but has no effect on forecast errors in the 
case of SERV. The use of stratum level weights based on output or employment does not influence forecast 
errors. For CONS, age/gender weights lower the forecast errors, while region weights result in higher forecast 
errors than other types of weights. In both specifications (2) and (3) higher employment coverage in INDU and 
BUIL results in higher forecast errors. Specification (2) also suggests that higher turnover coverage in INDU and 
SERV can lead to higher forecast errors. In specification (3) both the response rate and the size of the sampling 
frame affect negatively the forecast error. As in Table 10 (specification 5) the use of web- or email-based 
business surveys can have adverse effects on the forecast error.17 

3.2.2 Effective sample size 

The estimated effects of the effective sample and other survey characteristics on the forecast errors are shown 
in Table 12. Specification (1) looks at the impact of effective sample only and suggests that higher effective 
sample sizes in INDU and BUIL are associated with larger forecast errors, while effective sample does not affect 
forecast errors in the case of the remaining BCS indicators. The inclusion of coverage in specification (2) in 
addition to the effective sample, indicates a positive relation between turnover coverage and forecast errors, 
and the positive influence of the effective sample size found before remains. 18 

The impact of weighting scheme is examined in specification (4) where it is found that employment-based 
weights in INDU and BUIL tend to result in higher forecast errors compared to weights based on other measures. 
Both in specification (3) and (4), higher effective sample sizes appear to be related to larger forecast errors for 
all indicators except for SERV. The simultaneous inclusion of both coverage and weighting scheme in 
specification (4) renders their effects insignificant.19  

In the more general specification (5) we obtain results very similar to those presented in the case where the 
sample size is used in the regression. The positive effect of the effective sample size on the forecast errors 
persists in the case of INDU and BUIL. Coverage does not seem to influence forecast errors in the general model. 
Regarding the weighting scheme only age/gender-based weights in CONS affect negatively and significantly the 
forecast error. The size of the sampling frame has also a negative effect on the forecast error.20 

 

                                                 
16 The overall effect of the sample size and response rate in SERV is 0.00000 [0.7937] and -0.04505 [0.2077] respectively. 
17 In specification (2) the overall effect of the sample size in SERV and CONS is 0.00000 [0.5430] and -0.00013 [0.0007], respectively; the 
overall effect of output/employment firm-level weights and employment coverage in SERV is 0.00893 [0.7503] and -0.04615 [0.3586] 
respectively; the overall effect of turnover coverage in BUIL is -0.05322 [0.4006]. In specification (3) the overall effect of the sample size 
in SERV and CONS is -0.00001 [0.4487] and -0.00010 [0.0014], respectively; the overall effect of output/employment firm-level weights 
and employment coverage in SERV is 0.00316 [0.9329] and -0.04751 [0.5607] respectively; the overall effect of turnover coverage in BUIL 
is -0.05711 [0.4118]. 
18 In specification (1) the overall effect of the effective sample size in SERV, BUIL and CONS is 0.00001 [0.3344], 0.00005 [0.0838] and 
0.00003 [0.0083]. In specification (2) the overall effect of the effective sample size in CONS is 0.00008 [0.0160]. 
19 In specification (3) the overall effect of the effective sample size and employment-based weights in SERV is 0.00000 [0.6850] and -
0.01038 [0.4428] respectively. In specification (4) the overall effect of the effective sample size in SERV is 0.0000 [0.6024]. 
20 In specification (5) the overall effect of the effective sample size in SERV and CONS is -0.00002 [0.1790] and -0.00010 [0.0969] 
respectively. 
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Table 12: Estimated effects of survey characteristics on forecast error (effective sample, weighting scheme A) 
 (1) (2) (3) (4) (5) 
INDU Coef. t-ratio Coef. t-ratio Coef. t-ratio Coef. t-ratio Coef. t-ratio 
Constant 0.89222 27.47 0.87743 24.41 0.85560 22.21 0.84997 17.39 0.80497 13.49 
Effective sample 0.00003 2.01 0.00002 2.24 0.00004 3.24 0.00003 2.21 0.00003 1.95 
Coverage           
  Employment   0.01299 0.27   0.04544 0.83 0.04431 0.67 
  Turnover   0.06503 2.11   0.03059 0.85 0.01447 0.30 
Weighting scheme A [other]           
  Employment      0.06455 1.94 0.02349 0.93 0.03018 1.40 
  Output (value added/turnover)     0.02249 1.11 0.01577 0.70 0.02631 0.90 
Sampling frame (mn.)         -0.00701 -2.08 
Survey method [CATI-Telephone]           
  Online/email         0.06457 1.65 
  Fax         -0.05591 -1.59 
  Post         0.0015 0.04 
  Other         -0.02522 -0.51 
SERV           
Constant [INDU] 0.09056 2.01 0.07983 2.79 0.15817 4.41 0.14541 3.98 0.16319 4.00 
Effective sample [INDU] -0.00002 -0.96 INDU INDU -0.00004 -2.91 -0.00003 -2.40 -0.00005 -2.50 
Coverage           
  Employment   INDU INDU   INDU INDU INDU INDU 
  Turnover   INDU INDU   INDU INDU INDU INDU 
Weighting scheme A [other]           
  Employment      -0.07493 -2.10 INDU INDU INDU INDU 
  Output (value added/turnover)     INDU INDU INDU INDU INDU INDU 
Sampling frame (mn.)         INDU INDU 
Survey method [CATI-Telephone]           
  Online/email         INDU INDU 
  Fax         INDU INDU 
  Post         INDU INDU 
  Other         INDU INDU 
BUIL           
Constant [INDU] 0.09265 2.33 0.09744 3.72 0.08847 2.43 0.10627 3.18 0.10771 3.26 
Effective sample [INDU] 0.00005 -0.27 INDU INDU INDU INDU INDU INDU INDU INDU 
Coverage           
  Employment   INDU INDU   INDU INDU INDU INDU 
  Turnover   INDU INDU   INDU INDU INDU INDU 
Weighting scheme A [other]           
  Employment      INDU INDU INDU INDU INDU INDU 
  Output (value added/turnover)     INDU INDU INDU INDU INDU INDU 
Sampling frame (mn.)         INDU INDU 
Survey method [CATI-Telephone]           
  Online/email         INDU INDU 
  Fax         INDU INDU 
  Post         INDU INDU 
  Other         INDU INDU 
CONS           
Constant [INDU] 0.03227 0.65 -0.02471 -0.30 0.08847 2.43 0.09726 1.97 0.51718 2.77 
Effective sample [INDU] 0.00002 0.51 0.00006 1.82 INDU INDU INDU INDU -0.00013 -2.16 
Coverage   126.5858 1.44   106.1557 1.11 -

204.7657 
-1.21 

Weighting scheme [other]           
  Age, gender     -0.00702 -0.15 -0.05077 -1.04 -0.16375 -3.45 
  Region     -0.01218 -0.28 0.00079 0.02 0.08767 1.35 
Sampling frame (mn.)         INDU INDU 
Survey method [CATI-Telephone]           
  Online/email         INDU INDU 
  Fax         INDU INDU 
  Post         INDU INDU 
  Other         INDU INDU 
Obs. 89 72 78 62 57 
R2 0.2133 0.2957 0.3429 0.4139 0.5519 
Rout MSE 0.0807 0.0797 0.0730 0.0727 0.0712 

Note:1. The reference group for the fixed effects is INDU 
2. The reference group for the different survey characteristics is given in square brackets. 
3. The t-ratios reported are computed using heteroscedasticity robust standard errors. 
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Table 13: Estimated effects of survey characteristics on forecast error (effective sample, weighting scheme B) 
 (1) (2) (3) 
INDU Coef. t-ratio Coef. t-ratio Coef. t-ratio 
Constant 0.84720 22.24 0.78493 13.34 0.78616 13.94 
Effective sample 0.00003 3.47 0.00003 3.02 0.00002 2.20 
Coverage       
  Employment   0.09984 1.74 0.05858 1.06 
  Turnover   0.07249 1.81 0.03571 0.83 
Weighting scheme B [firm: other, stratum: other]        
  Firm level: employment, value added, turnover 0.05286 1.03 0.10691 1.89 0.04815 1.30 
  Stratum level: employment, value added, turnover -0.00773 -0.15 -0.04273 -0.85 0.00913 0.23 
Sampling frame (mn.)     -0.00803 -2.55 
Survey method [CATI-Telephone]       
Online/email     0.06281 1.89 
Fax     -0.05366 -1.73 
Post     -0.01138 -0.38 
Other     -0.03379 -0.74 
SERV       
Constant [INDU] 0.14165 4.51 0.26811 3.73 0.15971 4.25 
Effective sample [INDU] -0.00003 -2.45 -0.00004 -2.88 -0.000042 -2.43 
Coverage       
  Employment   -0.15332 -1.91 INDU INDU 
  Turnover   INDU INDU INDU INDU 
Weighting scheme B [firm: other, stratum: other]        
  Firm level: employment, value added, turnover INDU INDU -0.08852 -2.07 INDU INDU 
  Stratum level: employment, value added, turnover INDU INDU INDU INDU INDU INDU 
Sampling frame (mn.)     INDU INDU 
Survey method [CATI-Telephone]       
Online/email     INDU INDU 
Fax     INDU INDU 
Post     INDU INDU 
Other     INDU INDU 
BUIL       
Constant [INDU] 0.09897 4.06 0.13124 3.72 0.11016 3.70 
Effective sample [INDU] INDU INDU INDU INDU INDU INDU 
Coverage       
Employment   INDU INDU INDU INDU 
Turnover   -0.13384 -1.57 INDU INDU 
Weighting scheme B [firm: other, stratum: other]        
Firm level: employment, value added, turnover INDU INDU INDU INDU INDU INDU 
Stratum level: employment, value added, turnover INDU INDU INDU INDU INDU INDU 
Sampling frame (mn.)     INDU INDU 
Survey method [CATI-Telephone]       
Online/email     INDU INDU 
Fax     INDU INDU 
Post     INDU INDU 
Other     INDU INDU 
CONS       
Constant [INDU] 0.10176 2.64 0.16034 2.56 0.56715 3.36 
Effective sample [INDU] INDU INDU INDU INDU -0.00013 -2.49 
Coverage   107.011 1.09 -242.6796 -1.54 
Weighting scheme [other]       
  Age, gender -0.00860 -0.18 -0.05007 -1.00 -0.16896 -3.78 
  Region -0.01087 -0.25 0.00046 0.01 0.09973 1.65 
Sampling frame (mn.)     INDU INDU 
Survey method [CATI-Telephone]       
Online/email     INDU INDU 
Fax     INDU INDU 
Post     INDU INDU 
Other     INDU INDU 
Obs. 78 62 57 
R2 0.3567 0.5412 0.6006 
Rout MSE 0.0717 0.0664 0.0672 

Note:1. The reference group for the fixed effects is INDU 
2. The reference group for the different survey characteristics is given in square brackets. 
3. The t-ratios reported are computed using heteroscedasticity robust standard errors. 
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Next the effects of the effective sample are investigated by conditioning on weighting scheme B where firm- and 
stratum- level weights are used. The estimated effects are shown in Table 13. In the first two specifications of 
Table 13 the effective sample size affects positively the forecast error in the case of INDU, BUIL and CONS, while 
in the last specification evidence of a negative impact of effective sample size on forecast errors is found for 
CONS. Only firm-level weights based on employment and output measures in specification (2) are found to 
affect forecast errors for INDU and BUIL. Regarding consumer survey weights, only age/gender-based weights in 
specification (3) are associated with lower forecast errors. Higher employment coverage in INDU and BUIL and 
higher turnover coverage in INDU and SERV appear to result in higher forecast error. However, the effect of 
coverage becomes insignificant once we control for other survey characteristics such as the sampling frame size 
and survey method. In the most general specification (3), larger sampling frame size results in lower forecast 
error. Moreover the use of internet or email in the conduct of the surveys is found to be associated with larger 
forecast errors than the use of other methods.21 

3.3 Standard deviation 

The estimated effects of survey characteristics on the standard deviation of the BCS indicators are shown in 
Table 14. The sample size has a negative effect on the standard deviation of all business survey indicators. For 
the consumer survey, larger samples are associated with larger standard deviation in CONS. Higher response 
rates in consumer survey are found to affect positively the standard deviation.22 Specification (2) that uses the 
effective sample leads to a similar result namely that larger effective sample decreases standard deviation for 
business surveys, while it increases that of CONS.23 
Coverage in terms of turnover is positively related to the standard deviation, but coverage in consumer surveys 
affects negatively standard deviation only in specification (1). The weighting scheme in business surveys does 
not seem to influence the standard deviation, while that in consumer surveys affects significantly the standard 
deviation in both specifications.24 Weighting by age and/or gender leads to higher standard deviation than 
weighting by other methods; weighting by region decreases the standard deviation. 
The size of the sampling frame is found to affect negatively the standard deviation, i.e. surveys based on larger 
sampling frames result in indicators with lower standard deviation. Finally, the use of web or email in the 
conduct of the surveys decreases standard deviation, but the opposite is found for consumer surveys based on 
“other” methods. 
 
 
 
 
 
 
 
 
 
 

                                                 
21 In specification (1) the overall effect of the effective sample size in SERV is 0.00000 [0.9668]. In specification (2) the overall effect of the 
effective sample size, firm-level output/employment weights and employment coverage in SERV is -0.00001 [0.2223], 0.01839 [0.5474] 
and -0.05348 [0.2984] respectively; the overall effect of turnover coverage in BUIL is -0.06135 [0.3909] respectively. In specification (4) 
the overall effect of the effective sample size in SERV is 0.0000 [0.6024]. In specification (3) the overall effect of the effective sample size 
in SERV and CONS is -0.00002 [0.2461] and -0.00010 [0.0567] respectively. 
22 In specification (1) the overall effect of the sample and response rate in CONS is-0.0040 [0.0000] and 7.4628 [0.0000], respectively. 
23 In specification (2) the overall effect of the effective sample in CONS is 0.0055 [0.0000]. 
24 Weighting scheme B for business surveys was not found to have significant effects on the standard deviation. 
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Table 14: Estimated effects of survey characteristics on standard deviation (effective sample, weighting scheme A) 
 (1) (2) 
INDU Coef. t-ratio Coef. t-ratio 
Constant 15.04448 5.90 13.80010 9.87 
Effective sample / Sample -0.00114 -2.98 -0.00151 -3.73 
Response rate -1.60582 -0.50   
Coverage     
Employment -3.17742 -1.40 -2.76758 -1.23 
Turnover 3.74605 2.15 3.96821 2.30 
Weighting scheme A [other]     
Employment  2.28306 1.16 2.17213 1.12 
Output (value added/turnover) -1.15880 -1.10 -1.19971 -1.32 
Sampling frame (mn.) -0.18764 -2.17 -0.15383 -2.10 
Survey method [CATI-Telephone]     
Online/email -2.63363 -1.73 -2.71587 -1.85 
Fax 2.85249 1.59 2.76309 1.59 
Post 0.00713 0 -0.05078 -0.04 
Other -0.18457 -0.11 -0.41543 -0.28 
SERV     
Constant [INDU] 5.03013 5.08 4.98759 5.38 
Effective sample / Sample [INDU] INDU INDU INDU INDU 
Response rate INDU INDU   
Coverage     
Employment INDU INDU INDU INDU 
Turnover INDU INDU INDU INDU 
Weighting scheme A [other]     
Employment  INDU INDU INDU INDU 
Output (value added/turnover) INDU INDU INDU INDU 
Sampling frame (mn.) INDU INDU INDU INDU 
Survey method [CATI-Telephone]     
Online/email INDU INDU INDU INDU 
Fax INDU INDU INDU INDU 
Post INDU INDU INDU INDU 
Other INDU INDU INDU INDU 
BUIL     
Constant [INDU] 9.30725 5.93 9.39659 5.94 
Effective sample / Sample [INDU] INDU INDU INDU INDU 
Response rate INDU INDU   
Coverage     
Employment INDU INDU INDU INDU 
Turnover INDU INDU INDU INDU 
Weighting scheme A [other]     
Employment  INDU INDU INDU INDU 
Output (value added/turnover) INDU INDU INDU INDU 
Sampling frame (mn.) INDU INDU INDU INDU 
Survey method [CATI-Telephone]     
Online/email INDU INDU INDU INDU 
Fax INDU INDU INDU INDU 
Post INDU INDU INDU INDU 
Other INDU INDU INDU INDU 
RETA     
Constant [INDU] 0.12161 0.12 0.17148 0.17 
Effective sample / Sample [INDU] INDU INDU INDU INDU 
Response rate INDU INDU   
Coverage     
Employment INDU INDU INDU INDU 
Turnover INDU INDU INDU INDU 
Weighting scheme A [other]     
Employment  INDU INDU INDU INDU 
Output (value added/turnover) INDU INDU INDU INDU 
Sampling frame (mn.) INDU INDU INDU INDU 
Survey method [CATI-Telephone]     
Online/email INDU INDU INDU INDU 
Fax INDU INDU INDU INDU 
Post INDU INDU INDU INDU 
Other INDU INDU INDU INDU 
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Table 14: continued 

 (1) (2) 
CONS Coef. t-ratio Coef. t-ratio 
Constant [INDU] -19.02681 -7.09 -13.94706 -8.26 
Effective sample / Sample [INDU] 0.00516 8.02 0.00697 8.49 
Response rate 9.06857 2.73   
Coverage -2296.04800 -2.41 -518.87770 -0.47 
Weighting scheme [other]     
Age, gender 4.18375 16.93 5.54640 7.30 
Region -1.06028 -3.96 -1.95339 -2.53 
Sampling frame (mn.) INDU INDU INDU INDU 
Survey method [CATI-Telephone]     
Online/email INDU INDU INDU INDU 
Fax - - - - 
Post - - - - 
Other 6.03363 3.52 7.77814 5.21 
Obs. 85 85 
R2 0.6153 0.6180 
Root MSE 4.35730 4.274600 

Note:1. The reference group for the fixed effects is INDU 
2. The reference group for the different survey characteristics is given in square brackets. 
3. The t-ratios reported are computed using heteroscedasticity robust standard errors. 

3.4 Effects of effective sample and country size 

In the previous section we investigated the effects of various survey characteristics on different performance 
indicators of the BCS data. The use of survey-specific characteristics such as survey coverage and weighting 
scheme resulted in the exclusion of performance indicators relating to ESI from the regression since such 
characteristics are not available. Here we examine the effects of the effective sample and country size on two 
key performance indicators namely MCD and forecast errors using data for ESI as well as for individual survey 
indicators. Table 15 reports the estimated effects. 

Table 15: Estimated effects of effective sample and country size 
 

ESI INDU SERV BUIL RETA CONS 

 Coef. t-stat Coef. t-stat Coef. t-stat Coef. t-stat Coef. t-stat Coef. t-stat 

MCD1 

Constant [ESI] 3.09329 11.28 0.23513 0.67 0.47649 1.39 0.61612 1.88 0.73747 2.32 0.77757 2.19 

Effective sample [ESI] -0.00004 -0.91 -0.00029 -2.30 -0.00035 -2.11 -0.00057 -4.44 0.00008 0.37 -0.00043 -2.04 

Country population 
(mn.) [middle 50%] -0.02019 -1.27 ESI ESI ESI ESI ESI ESI ESI ESI ESI ESI 

Country population: 
lower 25% -0.18742 -2.06 ESI ESI ESI ESI ESI ESI ESI ESI ESI ESI 

Country population: 
top 25% 0.01432 1.03 ESI ESI ESI ESI ESI ESI ESI ESI ESI ESI 

FORECAST ERROR2 

Constant [ESI] 0.83585 17.49 0.06912 1.31 0.16162 3.14 0.16117 3.27 0.12227 2.24 0.10173 1.78 

Effective sample [ESI] 0.00002 3.61 0.00001 0.84 -0.00000 -0.44 0.00000 0.76 -0.00002 0.92 0.00003 0.99 

Country population 
(mn.) [middle 50%] -0.00090 -0.37 ESI ESI ESI ESI ESI ESI ESI ESI ESI ESI 

Country population: 
lower 25% -0.01333 -1.01 ESI ESI ESI ESI ESI ESI ESI ESI ESI ESI 

Country population: 
top 25% 0.00065 0.30 ESI ESI ESI ESI ESI ESI ESI ESI ESI ESI 

Note: 1 Obs.=154; R2=0.2862; Root MSE=0.8075. 
2 Obs.=137; R2=0.1975; Root MSE=0.1089. 
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The size of the effective sample does not affect the MCD in the case of ESI and RETA. It it impacts negatively on 
MCD for INDU, SERV, BUIL and CONS. The size of the population of the country is found to be associated with 
MCD only for the lower 25% of the EU country population distribution (i.e. countries with population equal to or 
smaller than 3 mn.). Specifically, for smaller countries MCD tends to be lower.25 

The forecast error in the case of ESI, INDU, and BUIL is increasing with the effective sample. Country size is not 
found to affect the forecast error.26 

4. Summary and conclusions 
A summary of the main findings of the correlation and regression analysis is given below. 

4.1 Correlation analysis 

• The correlation of the BCS indicators with the reference series is not significantly correlated with either 
the sample size or the effective sample size. 

• MCD, MCD1 and MCD2 are negatively and significantly correlated with the sample size in the case of ESI, 
INDU, SERV and BUIL.  

• MCD, MCD1 and MCD2 are negatively and significantly correlated with the effective sample size in the 
case of all business survey indicators except for RETA.  

• The standard deviation of RETA is negatively correlated with both the sample size and the effective 
sample size. A negative correlation between standard deviation and effective sample is also found in the 
case of SERV and INDU.  

• MCD and MCD2 computed from CONS are negatively correlated with the effective sample size, but none 
of the volatility measures is correlated with the sample size. 

• No significant correlations between the sample size and forecast errors were found, except in the case 
of ESI where the correlation coefficient is positive. 

• The correlation coefficients between forecast errors and effective sample size are positive albeit 
insignificant for all indicators except ESI. 

4.2 Regression analysis 

In order to facilitate the presentation of the findings and the formulation of conclusions we summarise the 
results from the regression analysis (Tables 6-13) in Tables 16 and 17. In particular Tables 16 and 17 show the 
sign and the significance of the overall effect of a survey characteristic on MCD and forecast errors. A positive 
(negative) effect of a characteristic on the performance indicator is denoted by “+” (“-“); a statistically significant 
effect at a level of significance of at most 10% is indicated by “1” and “0” otherwise. We conclude that 
regression results are considered indicative of a statistical relation between a survey characteristic and a 
performance indicator, with a specific direction (positive or negative), if the estimated effect of a given 
characteristic is significant with a consistent sign (i.e. not changing across specifications) in at least half of the 
specifications examined.  
For some survey characteristics, statistical theory provides a prior regarding the direction of their effect on 
performance indicators (e.g. the effect of effective sample size on MCD). For some other characteristics one 

                                                 
25 The overall effect of the effective sample in INDU, SERV, CONS, BUIL and RETA is -0.00033 [0.0081], -0.00038 [0.0180], -0.00046 
[0.0268], -0.00060 [0.0000] and 0.00004 [0.8470] respectively. The overall effect of the population size for countries in the lower and top 
25% of the distribution is -0.20761 [0.0401] and -0.00587 [0.1202] respectively. 
26 The overall effect of the effective sample in INDU, SERV, CONS, BUIL and RETA is 0.00003 [0.0573], 0.00001 [0.3332], 0.00005 [0.1183], 
0.00003 [0.0153] and 0.00000 [0.9839] respectively. The overall effect of the population size for countries in the lower and top 25% of 
the distribution is -0.01423 [0.3314] and -0.00025 [0.5970] respectively. 
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could intuitively expect a given sign. For example higher coverage can limit potential biases and can 
consequently improve tracking performance leading to lower forecast error. Moreover, higher coverage could 
be associated with larger sample size which in turn could have beneficial effects on MCD through lower 
sampling error (and lower volatility). On the other hand, higher coverage could entail higher non-response thus 
leading to (i) lower effective sample and higher MCD or (ii) biased results and higher forecast error (via 
deterioration of the tracking performance). Finally, there are survey characteristics whose expected effect is 
unclear such as the weighting scheme or survey methods. In these cases the regression results can provide 
indications for aspects of the surveys that could be improved by applying (avoiding) methods/schemes that are 
found to have beneficial (adverse) effects on performance indicators. We discuss these issues after summarising 
the key findings of the regression analysis below. 

MCD 

• The sample size influences negatively and significantly MCD in all surveys except RETA; nevertheless, the 
marginal effect (about -0.0004) is rather small e.g. an increase in the sample size by 200 units is 
estimated to decrease MCD by about 0.08 months. 

• The effective sample size has a negative and significant impact on MCD in all surveys except RETA. The 
marginal effect of the effective sample size on MCD is similar to that of the sample size and varies 
between -0.0004 and -0.0005. 

• There is evidence of a negative but statistically insignificant effect of the response rate on MCD. 
• Coverage in terms of employment does not affect significantly MCD. No persistently significant relation 

is found between coverage in terms of turnover and MCD. Coverage in consumer survey is positively 
associated with MCD. 

• Weights based on value added or turnover are found to be connected with higher MCD in business 
surveys compared to weights based on employment or other measure/method. 

• Firm-level weights based on employment, value added or turnover are found to increase MCD in SERV 
and RETA. Evidence that firm-level weights based on employment or output decrease MCD in INDU is 
also found (in 4 out of 6 specifications). Stratum-level weights based on employment, value added or 
turnover are associated with higher MCD in INDU. 

• In consumer survey, weights based on region are associated with lower MCD. Weights based on 
age/gender do not affect MCD in the vast majority of the specifications employed. 

• Larger sampling frames are found to be connected with higher MCD. 
• Online or email-based surveys lead to lower MCD; “other” method in business surveys is found to 

increase MCD but the opposite is found for CONS in the majority of the specifications used. 

Forecast error 

• Larger sample size or effective sample size is found to increase forecast error in the case of INDU and 
BUIL. The sample size and effective sample size does not influence the forecast error in SERV. The results 
for CONS are rather mixed. In 9 out of 16 specifications higher sample size or effective sample size 
increases forecast errors; the opposite is found in 6 specifications which typically control for more 
survey characteristics that those which generate a positive effect on the forecast error. 

• The inclusion of the response rate does not result in a significant effect on the forecast error with a 
consistent direction.  

• The evidence regarding the relation of coverage and forecast errors is rather weak. In 5 out of 10 
specifications employment coverage in INDU has a positive effect on forecast error while in 4 
specifications higher turnover coverage tends to increase forecast errors for INDU and SERV.  
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• The use of employment- or output-based weights does not seem to relate to the forecast accuracy of 
the business survey indicators.  

• In half of the specifications firm-level weights based on output or employment measures are associated 
with higher forecast errors in INDU and BUIL, whereas the type of stratum-level weights have no effect 
on the forecast errors.  

• In consumer survey age/gender-based weights are found to result in lower forecast errors in 6 out of 12 
specifications.  

• Larger sampling frames are found to be connected with smaller forecast errors. 
• The conduct of web or email-based surveys increases forecast errors in the majority of the specifications 

used.  

Standard deviation 

• Larger sample size or effective sample size is found to decrease the standard deviation of all business 
survey indicators. 

• Weights based on age and/or gender influence positively the standard deviation of CONS, while weights 
based on region tend to be associated with lower standard deviation. 

• Coverage in terms of turnover influences positively the standard deviation, while there is some evidence 
that coverage in consumer survey affects negatively the standard deviation.  

• Larger sampling frames are found to be connected with lower standard deviation in survey indicators. 
• Online or email-based surveys decrease the standard deviation. Consumer surveys based on “other” 

methods are associated with larger standard deviation. 

4.3 Discussion and concluding remarks 

The results regarding the impact of the sample and effective sample size on MCD are in agreement with intuition 
stemming from statistical theory, namely that larger sample size leads to lower sampling error and consequently 
to lower volatility of the indicator (i.e. the estimate). The effect of the response rate though in the right direction 
according to expectations (i.e. higher response rate would lead to higher effective sample and therefore lower 
volatility), is not statistically significant.  

Regarding coverage, one would intuitively expect higher coverage to have a beneficial effect on MCD (or at least 
no effect) in the sense that higher coverage could possibly result in larger sample size and/or more variation in 
the data (i.e. more information) thus lower volatility in the estimate over time. The regression results indicate 
either no or positive effect of coverage on MCD, especially in CONS. Therefore it should be investigated whether 
higher coverage affects adversely the response rate and effective sample or whether higher coverage introduces 
biases leading to the collection of noisy information. Nevertheless, coverage in consumer survey and coverage in 
terms of employment in business surveys is found to have a negative sign in the standard deviation regressions 
although in the latter case the effect is insignificant. 

In the case of the forecast error one would intuitively anticipate that the larger the sample or effective sample 
size the less noisy and biased (i.e. from asymptotic efficiency and consistency of the estimators) the estimates 
and therefore the better the forecasting ability of the BCS indicators with respect to the reference series. 
Nonetheless, the results of the analysis are rather counterintuitive. The persistent finding of the positive effect 
of the sample and effective sample size on the forecast error could suggest the presence of potential biases in 
the survey indicators relating to, for example, sample selection procedures and/or non-response.  

The effects of survey characteristics require further investigation as here we only consider one-month ahead 
forecast errors from a simple model, where the reference series is linearly interpolated from quarterly into 
monthly data. Examination of alternative forecast errors could provide further insights regarding the relation 
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with sample and effective sample size as well as with other survey characteristics. Forecast errors that could be 
used include those (i) for longer horizons (2, 3 months etc., or quarters), (ii) from models with alternative 
transformations of the reference series (e.g. year-on-year vs. quarter-on-quarter percentage changes) and BCS 
indicators (levels vs. first differences), or, (iii) from mixed frequency models employing quarterly reference 
series (instead of using monthly interpolated data) and monthly BCS indicators (e.g. bridge equations) for 
nowcasting and forecasting.  

It would also be useful to investigate the presence of possible patterns in the forecast error that could be 
associated with potential biases in the survey data. For example, one could examine whether BCS indicators 
systematically over- or under-predict the reference series and whether the direction of the error relates to the 
sample size. This might also shed some light in the cause of the positive association between forecast errors and 
coverage suggested by the empirical analysis. Since larger coverage would lead to a more representative sample 
and therefore better forecasting/tracking performance the positive relation could indicate the presence of 
biases.  

As far as the weighting scheme is concerned, the direction of the effect it is not straightforward a priori. The 
results suggest that popular measures based on employment and output used for weighting the results might 
not be conducive for limiting volatility or improving tracking performance. In consumer surveys the popular 
weighting schemes based on age/gender and region have desirable effects on volatility and forecasting 
performance. The application of region and age/gender weights reduces MCD and forecast error respectively. 
Nevertheless, the classification of the weighting schemes into explanatory variables was largely dictated by the 
availability of the information in the metadata sheets, thus the impact of alternative categories of weighting 
schemes on performance indicators should be investigated further. 

The effects the size of the sampling frame appear to be in line with expectations in the case of forecast errors. 
The fact that larger sampling frames are associated with more noisy survey data (larger MCD) poses concerns 
similar to those in the case of coverage.  

Regarding survey methods, the finding on the conduct of web- or email-based methods is worthy of some 
attention given the growing use of internet in carrying out surveys. The use of web or email seems to have 
favourable effects on volatility but it has an adverse effect on the forecasting performance of the BCS indicators. 
The possibility that the use of electronic methods could introduce specific type of biases that affect the tracking 
performance requires further examination.  

The finding that countries with population of up to 3 million are associated with lower MCD for a given effective 
sample size could be due to a number of reasons e.g. smaller structural heterogeneity, small and more 
predictable product and labour markets, higher market power for some firms (less competition), etc. Such 
reasons which are conducive for good tracking performance might be indirectly related to the sample size and 
hence its positive association with the forecast error. 

Finally it should be stressed that the quality of the regression results depends heavily on the available number of 
observations in terms of countries and on the information concerning survey characteristics supplied in the 
metadata files. Providing clear guidelines to the partner institutes on the completion of the metadata files so as 
to maximise the comparability and consistency of the information (e.g. coverage, weighting scheme, etc.) among 
countries and across surveys will enhance the quality of the metadata and improve the reliability and accuracy 
of future evaluation exercises.  
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Table 16: Summary of the direction and significance of the overall effect of survey characteristics on MCD 
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t 
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t 
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l 
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x 
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Su
rv
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S 
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L 

BS
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S 

BS
 

BS
 

IN
D

U
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D

U
 

SE
RV

 

BU
IL

 

RE
TA

 

CO
N

S 

CO
N

S 

AL
L 

AL
L 

BS
 

BS
 

BS
 

CO
N

S 

6(1) - - - + - -                         

 1 1 1 0 1 1                         
6(2) - - - + - - - + + - - +                   

 1 1 1 0 1 0 0 1 0 0 0 1                   
6(3) - - - + - -       + +         + -       

 1 1 1 0 1 0       0 1         0 1       
6(4) - - - + - - + + + - - + + +         + -       

 1 1 1 1 1 0 0 0 0 0 1 1 0 1         0 1       
6(5) - - - + - - + - - - - + + +         + - + - + + + - 

 1 1 1 0 1 0 0 0 0 0 0 1 0 1         0 1 1 1 0 0 1 1 

7(1) - - - + - -         - + - + + - + - + -       

 1 1 1 0 1 0         1 1 0 1 1 0 0 0 0 1       
7(2) - - - + - - - - - - - +   - + - + + - + - + -       

 1 1 1 0 1 0 0 0 0 0 0 1   1 1 0 1 1 0 0 0 0 1       
7(3) - - - + - - + + + + + +   - + - + + - + - + - + - + + + - 

 1 1 1 0 1 0 0 0 0 0 0 1   0 1 0 1 0 1 0 0 1 1 1 1 0 0 1 0 

8(1) - - - + -                          

 1 1 1 0 1                          
8(2) - - - + -  - + + - - +                   

 1 1 1 0 1  0 1 0 0 0 1                   
8(3) - - - + -        + +         + -       

 1 1 1 0 1        0 1         0 1       
8(4) - - - + -  + + + - - + + +         + -       

 1 1 1 0 1  0 0 0 0 0 1 0 1         0 1       
8(5) - - - + -  + - - - - + + +         - - + - + + + - 

 1 1 1 0 1  0 0 0 0 0 1 0 1         1 1 1 1 0 0 1 1 

9(1) - - - + -          - + - + + - + - + -       

 1 1 1 0 1          1 1 0 1 1 0 0 0 0 0       
9(2) - - - - -  + - - - - +   - + - + + - + - + -       

 1 1 1 0 1  0 0 0 0 0 1   1 1 0 1 1 0 0 0 0 1       
9(3) - - - + -  + + + + + +   - + - + + - + - - - + - + + + - 

 1 1 1 0 1  0 0 0 0 0 1   0 1 0 1 0 1 0 0 1 1 1 1 0 0 1 1 

Note: “BS” stands for Business Surveys. 
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Table 17: Summary of the direction and significance of the overall effect of survey characteristics on forecast errors 
Ta
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SE
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CO
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CO
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AL
L 

BS
 

BS
 

AL
L 

11(1) + + + + + + + +                         

 
1 0 1 0 0 0 0 0                         

11(2) + + + + - - + + + - - + + - +                  

 
1 0 1 1 1 1 0 1 1 0 0 1 1 0 1                  

11(3) + + + + - - - +        + - + +       - -      

 
1 0 1 1 0 0 0 1        1 0 1 0       0 0      

11(4) + + + - - - - - + - - + + + + + + + +       - +      

 
1 0 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0       1 1      

11(5) + - + - - - - - + + + + + + - + + + +       - + - + - - - 

 
1 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0       1 0 1 1 0 0 0 

12(1) + + + + + - + +            + + + - - - - -      

 
1 0 1 1 1 0 1 1            0 0 0 0 0 0 0 0      

12(2) + - + - - - - - + - + + + - -     + + + - - - - +      

 
1 0 1 1 0 0 0 0 1 0 1 1 1 0 0     1 0 1 0 0 0 1 1      

12(3) + - + - - - - - + - + + + - -     + + + + + + - + - + - - - 

 
1 0 1 1 1 1 1 1 1 0 1 0 0 0 1     1 0 1 0 0 0 1 1 1 1 0 0 0 

13(1) + + + +                             

 
1 0 1 1                             

13(2) + + + +     + + + + + + +                  

 
1 1 1 1     0 0 0 1 1 1 0                  

13(3) + - + +            + - + +       - -      

 
1 0 1 1            1 0 1 0       0 0      

13(4) + - + +     + + + + + + + + + + +       - +      

 
1 0 1 1     0 0 0 0 0 0 0 0 0 0 0       0 0      

13(5) + - + -     + + + + + + - + + + +       - + - + - + - 

 
1 0 1 1     0 0 0 0 0 0 0 0 0 0 0       1 0 1 0 0 0 0 

14(1) + + + +                + + + - - - - -      

 
1 0 1 1                0 0 0 0 0 0 0 0      

14(2) + - + +     + - + + + - +     + + + - - - - +      

 
1 0 1 1     1 0 1 1 1 0 0     1 0 1 0 0 0 0 0      

14(3) + - + -     + + + + + + -     + + + + + + - + - + - - - 

 
1 0 1 1     0 0 0 0 0 0 0     0 0 0 0 0 0 1 0 1 1 1 0 0 

Note: “BS” stands for Business Surveys. 
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SIMULATION STUDY 

Sample size effects on MCD 

 

1. Simulation study 

1.1 Participation model 

For our simulation study, we assume that every respondent 𝑖 is affected in his or her opinion 
formation by the business cycle 𝐶𝑡 and an individual error term 𝐼𝑖,𝑡. Then,   

𝑦𝑖,𝑡∗ =  𝐶𝑡 + 𝐼𝑖,𝑡 

with 𝐼𝑖,𝑡 ~ 𝑁(0,𝜎²). As each survey participant is restricted to give answers on a 3-level 
scale, we observe 

𝑦𝑖,𝑡∗ = �
+    𝑖𝑓              𝑦𝑖,𝑡∗ >  𝜏+ 
=   𝑖𝑓   𝜏+  ≥ 𝑦𝑖,𝑡∗ >  𝜏−

−   𝑖𝑓   𝜏−  ≥ 𝑦𝑖,𝑡∗             
 

with time- and individual-independent thresholds τ (Seiler, 2012a). These assumptions, 
together with the normality of the error term are required for the calculation of the balance 
statistics. In addition, the thresholds are assumed to be symmetric around zero 
(Wollmershäuser and Henzel, 2005). Therefore, the balance statistics is a special case 
according to the Carlson-Parkin framework (Carlson and Parkin, 1975) which allows for 
differences for thresholds and error terms in time and across individuals. These very strong 
assumptions have been criticised by several papers, see Nardo (2003) for an overview. For 
the ZEW indicator, Breitung and Schmeling (2013) found that these thresholds are generally 
not time-independent. As the standard calculation of the balance statistics requires the 
conditions mentioned above, we proceed assuming thresholds and error terms as 
independent from time and individuals. 

 

1.2 IC ratio and MCD 

In classical time series analysis, a macroeconomic time series 𝑌𝑡 is divided into three parts: A 
cyclical component  𝐶𝑡, a seasonal component 𝑆𝑡 and an irregular term 𝐼𝑡. Typically, these 
three components interact in additive form, i.e. 

𝑌𝑡 =  𝑆𝑡 + 𝐶𝑡 + 𝐼𝑡. 

After the elimination of the seasonal component with common seasonal adjustment 
methods, the remaining two components are analysed. To assess how strongly the irregular 
component affects the resulting time series, the IC ratio  

𝐼𝐶 =  
∑ |𝐼𝑡 − 𝐼𝑡−1|𝑇
𝑡=2

∑ |𝐶𝑡 −  𝐶𝑡−1|𝑇
𝑡=2
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calculates the sum of the absolute differences of the irregular component from month 𝑡 to 
𝑡 + 1 and relates it to the sum of the absolute differences of the cyclical component. For 
𝐼𝐶 ≤ 1, shifts of the indicator from month 𝑡 to 𝑡 + 1 are - on average - determined by the 
cyclical and not the irregular component which correspond to a (perfect) Months of Cyclical 
Dominance (MCD) value of 1.  In general, the MCD is calculated by the ceiling value of the IC 
ratio. As the cyclical and irregular component cannot be observed independently, 𝐶𝑡 is 
extracted from the (seasonal adjusted) time series using smoothing approaches such as the 
Hodrick-Prescott filter (Hodrick and Prescott, 1997). 

 

1.3 Simulation setup 

For our simulation study, we define four different types of business cycle functions 𝐶𝑡 as 
described in Seiler (2012a). The first function 𝐶𝑡1 is a simple sinus function 𝑠𝑖𝑛(𝑡). 𝐶𝑡2 is 
defined by four overlapping sinus functions which display the four classical business cycles: 
Kitchin (3-5 years), Juglar (7-11), Kuznets (15-25) and Kondratiev (45-60). The third business 
cycle 𝐶𝑡3 is an AR(0.95) process, i.e. 𝐶𝑡3 = 0.95 ∙  𝐶𝑡−13 +  𝑢𝑡 with 𝐶13 = 0 and 𝑢𝑡  ~ 𝑁(0, 1). 
To include a real-life example, we included a fourth cycle function 𝐶𝑡4 which is defined by the 
filtered growth rates of the U.S. industrial production. All functions are then scaled to range 
between −1 and 1 and the thresholds are defined by 𝜏+ =  1

3
 and 𝜏− =  −1

3
, see Figure 1. 

For the irregular component, we assume 𝐼𝑡 ~ 𝑁(0,𝜎²).  

To start our simulation study, we calculate the probabilities to respond +, = and − in a first 
step. This is done by 𝑃(𝑦𝑖,𝑡  = ′ + ′ | 𝐶𝑡, 𝑡)  =  1 − 𝜙((𝜏+ − 𝐶𝑡)/𝜎),𝑃(𝑦𝑖,𝑡  = ′ − ′ | 𝐶𝑡, 𝑡)  =
 𝜙((𝜏− − 𝐶𝑡)/𝜎) and 𝑃(𝑦𝑖,𝑡  = ′= ′| 𝐶𝑡, 𝑡)  =  1 − 𝑃(𝑦𝑖,𝑡 = ′+′| 𝐶𝑡, 𝑡) −  𝑃(𝑦𝑖,𝑡  = ′ −
′ | 𝐶𝑡, 𝑡). Then, for a fixed sample size 𝑛 we randomly draw 𝑛 observations given the 
calculated probabilities 𝑃(𝑦𝑖,𝑡  = ′= ′| 𝐶𝑡, 𝑡), 𝑃(𝑦𝑖,𝑡 = ′+′| 𝐶𝑡, 𝑡) and 𝑃(𝑦𝑖,𝑡  = ′ − ′ | 𝐶𝑡, 𝑡) 
and calculate the balance statistics  

𝐵𝑡 =  1
𝑛 

(# 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒 𝑟𝑒𝑝𝑙𝑖𝑒𝑠 − # 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒 𝑟𝑒𝑝𝑙𝑖𝑒𝑠). 

In the final step, the IC ratio for this balance statistics is calculated after filtering by a 
Hodrick-Prescott filter.  

As we intent to analyse monthly time series, we adjust the cycle functions 𝐶𝑡1 and 𝐶𝑡2 so that 
𝐶𝑡1 = 𝑠𝑖𝑛 � 𝑡

𝑘𝐾𝑖𝑡
� with 𝑘𝐽𝑢𝑔 = 20 corresponds to a full Juglar cycle with about 120 months. 

Therefore, the three other cycles Kitchin (𝑘𝐾𝑖𝑡 = 8), Kuznets (𝑘𝐾𝑢𝑧 = 38) and Kondratiev 

(𝑘𝐾𝑜𝑛 = 95) lead to 𝐶𝑡2 = 𝑠𝑖𝑛 � 𝑡
𝑘𝐾𝑖𝑡

� + 𝑠𝑖𝑛 � 𝑡
𝑘𝐽𝑢𝑔

� + 𝑠𝑖𝑛 � 𝑡
𝑘𝐾𝑢𝑧

� +  𝑠𝑖𝑛 � 𝑡
𝑘𝐾𝑜𝑛

�.    

To stabilise our results, we set the maximum length 𝑇 of the time series to 120, 240 and 360 
months and 𝜎² = 0.5, 1 and 5. This variance represents the uncertainty of the survey 
participants. As we focus on the effects of the sample sizes on the IC ratio, we set 
𝑛 =  10, 20, . . . , 50, 100, 150, . . . , 450, 500, 600, . . . , 1900, 2000, 2500, . . . , 5000. In 
addition, for every sample size we draw m =  50 replications to achieve valid results. 
Summing up we get the following simulation set up: 
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• Step 1: Calculate response probabilities 𝑃(𝑦𝑖,𝑡  = ′= ′| 𝐶𝑡, 𝑡), 𝑃(𝑦𝑖,𝑡 = ′+′| 𝐶𝑡, 𝑡) and 

𝑃(𝑦𝑖,𝑡  = ′ − ′ | 𝐶𝑡, 𝑡) for cycle function 𝐶𝑡
𝑗 . 

• Step 2: Draw 𝑛 observations given the calculated probabilities in Step 1. 
• Step 3: Build the balance statistics from the drawn responses, extract the 

components 𝐶𝑡 and 𝐼𝑡  using the Hodrick-Prescott filter and calculate the IC ratio.  
• Step 4: Repeat Steps 2 and 3 𝑚 =  50 times. 
• Step 5: Repeat Steps 1-4 for each combination of 𝑗 = 1, . . ,4, 𝑇 = 120, 240, 360 and 

𝑛 =  10, 20, . . . , 50, 100, 150, . . . , 450, 500, 600, . . . , 1900, 2000, 2500, . . . , 5000. 
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Figure 1: The four investigated business cycles 𝐶𝑡. 
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1.4 Results 

In Figure 2, we draw the boxplots of the IC ratios for 𝑇 =  240 and 𝜎² =  1 according to the 
four business cycle functions and sample sizes. The results show that an IC ratio 
approximately decreases by the factor√𝑛

−1
.27 Depending on the underlying business cycle, a 

MCD of 2 (yellow area) is reached at about 500 (𝐶𝑡1), 700 (𝐶𝑡2) or 1400 (𝐶𝑡4) observations, 
see Figure 2. For 𝐶𝑡3, there seems to be a convergence at MCD = 3. As 𝐶𝑡3 displays a relatively 
noisy variant of a business cycle, the HP filter also smoothes the original business cycle 
function 𝐶𝑡3.  

A perfect MCD of 1 can be obtained with about 1900 (𝐶𝑡1), 3000 (𝐶𝑡2) and 5000 (𝐶𝑡4) 
observations, respectively. This relationship still holds for shorter time series, see Figures B.1 
and B.2. However, significant differences appear if the assumed variance 𝜎² is modified: For 
𝜎² = 0.5, a MCD of 1 is reached earlier (450 for 𝐶𝑡1, 600 for 𝐶𝑡2 and 1000 for 𝐶𝑡4) with 
exception of the function 𝐶𝑡3 where there is still a convergence at MCD = 3, see Figures B.3-
B.8. For a very high variance, the IC ratio is between 3 and 5 for 5000 observations. In Table 
1 we summarize the results and show for each series and scenario if and when an IC ratio of 
smaller than 2 or 1 is reached. The results show that, the larger the uncertainty of the survey 
respondents about the underlying variable, the larger the sufficient sample size. 
Furthermore the lesser noisy and volatile the target variable the lesser participating firms 
are necessary. This is illustrated by comparing 𝐶𝑡1 with the other cycle series.  

 
 𝐶𝑡1 and IC <2 𝐶𝑡1 and IC <1 
 T=120 T=240 T=360 T=120 T=240 T=360 

𝜎² = 0.5 150 150 150 600 500 500 
𝜎² = 1 600 600 450 2500 1900 2500 
𝜎² = 5 - - - - - - 

 𝐶𝑡2 and IC <2 𝐶𝑡2 and IC <1 
 T=120 T=240 T=360 T=120 T=240 T=360 

𝜎² = 0.5 200 200 150 250 800 600 
𝜎² = 1 700 700 600 3500 3500 3000 
𝜎² = 5 - - - - - - 

 𝐶𝑡3 and IC <2 𝐶𝑡3 and IC <1 
 T=120 T=240 T=360 T=120 T=240 T=360 

𝜎² = 0.5 - - - - - - 
𝜎² = 1 - - - - - - 
𝜎² = 5 - - - - - - 

 𝐶𝑡4 and IC <2 𝐶𝑡4 and IC <1 
 T=120 T=240 T=360 T=120 T=240 T=360 

𝜎² = 0.5 250 400 300 1000 1400 1200 
𝜎² = 1 800 1500 1100 4500 5000 5000 
𝜎² = 5 - - - - - - 

Table 1: Sufficient (p-value < 0.05) sample size for different scenarios 
  

                                                 
27 Notice that the distances between the boxplots are different. 
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2. Real data example 

In this section, we want to analyse if our simulation study results also hold in a real life data 
situation. Our data source is the micro data from the Ifo Business Survey in manufacturing 
which range from January 1980 to December 2012 (Seiler, 2012b). We calculate the balance 
statistics for this time span for the business situation and business expectations variable. As 
only the company weight is available in the data, we do not include in the weight of the 
appropriate business area in our analysis. As can be seen in Figure 3, the lowest number of 
observations in a single month is around 2500. Since we randomly draw without 
replacement, we set our maximum sample size n to 2000.  

 
Figure 3: Number of observations by month of the Ifo Business Survey in manufacturing 
1980-2012. 

In Figure 4, the boxplots for the business situation and business expectations variable are 
drawn. For both variables, the general trend of the IC ratios for an increasing number of 
observations is similar to those in the simulation study. An IC ratio of smaller than 2 is 
reached at a sample size of 600 and 700 respectively. As the IC ratio for 𝑛 = 2000 is close to 
1, we assume that an IC value of smaller 1 can be received with about 3000-4000 
observations.  
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Figure 4: Boxplots of IC ratios for the two main variables business situation and business 
expectations in the Ifo Business Survey for manufacturing. 
 
3. Conclusions 
 
The simulation results reveal a non-linear relationship between the sample size and the MCD 
measure. Rather large improvements in the MCD are reached when the sample size is 
increased from a low level. These enhancements die out as the sample size increases. 
Furthermore the results show that, the larger the uncertainty of the survey respondents 
about the underlying variable, the larger the sufficient sample size. Finally, the lesser noisy 
and volatile the target variable the lesser participating firms are necessary. 
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Appendix A: Further simulation results  
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Short Summary 

In this report we investigated the effect of the sample size on various survey quality indices. 
In the empirical part we found that a larger sample size is associated with a smaller MCD and 
standard deviation. The results for the forecasting quality are inclusive depending on the 
specification. In our simulation analysis we showed that the MCD can be substantially 
improved when the sample size is rather small at the beginning. Nevertheless the 
enhancement die out the large the sample size gets. The less noisy the survey indicator is the 
smaller is the sufficient sample size. Under stable conditions and an almost ‘perfect’ business 
cycle 150 survey participants might be sufficient. Survey conductors should look at the 
noisiness of the surveyed variable and the uncertainty of the respondents, the high both 
indicators are the larger the number of participating firms should be. 


