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1. Introduction

Since the 2008 financial crisis, UK productivity growth has been negligible compared with
average growth pre-crisis of approximately 2% a year. Had productivity continued to grow as
before, output per hour in the UK would be around 21% higher than it is now.

During the financial crisis, productivity declined as output fell more quickly than hours worked,
with hours worked falling to a lesser degree than had been experienced in previous recessions
due to a higher degree of worker retention by firms. Since the financial crisis, the economy has
grown relatively modestly by comparison with previous post-recession recoveries, but the
performance of the labour market has exceeded expectations - the unemployment rate has
declined to its lowest level since the 1970s. Meanwhile, the associated recovery in output has
been weak such that productivity growth has remained limited.

Various arguments have been put forward to explain this productivity puzzle, which has been
experienced in other countries to varying degrees since the financial crisis. These include:

e Labour hoarding immediately after the financial crisis: Unemployment did not rise to
the extent previously experienced in recession as companies held onto workers; instead,
there was a more pronounced adjustment in working hours,

e Low investment: Initially high financing costs and low finance availability following
the financial crisis, heightened risks aversion, relatively low labour costs and high
labour flexibility made labour a more appealing resource for expanding output;

e Economic measurement difficulties (e.g. quantifying the sharing economy);

e Structural changes in the labour market: in the UK, there has been an increase in the
prevalence of those in self-employment, higher participation by older workers, the
spread of zero-hours contracts, an increase in part-time working patterns, any of which
may have affected measured productivity.

The purpose of this study is to use the CBI’s Industrial Trends Survey to investigate how the
data captured within the survey can help us understand the UK’s productivity weakness since
the financial crisis. We look at which industry sectors are the main drivers behind low
productivity growth, while looking at the productivity-employment nexus.

The report is structured as follows:

e First, we do a regression analysis on our survey data to uncover the factors with the
strongest link to productivity and see how manufacturing productivity growth behaves
before and after the 2008 financial crisis.

e Second, we look at sectoral developments in productivity growth. Which sectors drive
industry’s productivity growth, which factors are considered significant and what was
the behaviour of each sector before, during and after the 2008 financial crisis.

¢ Finally, we conclude with a discussion around the most important findings.

We will mainly use dynamic regressions on a productivity measure derived from our survey
data with explanatory variables selected from survey questions. In addition, a panel data
analysis is used with the most important manufacturing sectors as cross sections. As a proxy
for productivity, we use the difference between the balance statistics for output and
employment.



2. Dataset

The Industrial Trends Survey (ITS) is the CBI’s longest-running survey, beginning in 1958,
and continues to be an accurate and timely bellwether for UK manufacturing and the wider
economy. The survey contains key questions on optimism, domestic and export orders,
capacity, output, employment, investment, competitiveness, training and innovation.

To derive a proxy for manufacturing productivity we took the following output and
employment questions from the quarterly ITS.

Q6a) Excluding seasonal variations, what has been the trend over the past three months,
regarding Numbers Employed? “Up”, “Same” or “Down”

Q8a) Excluding seasonal variations, what has been the trend over the past three months,
regarding Volume of Output? “Up”, “Same” or “Down”

Then for each time period! we calculated the Balance statistic? for both numbers employed and
volume of output questions and derived productivity growth(t) = output growth(t) —
employment growth(t) for every quarter (®) 1975Q2-2018Q3.2

We then look at the relationship between other different factors captured within the survey and
productivity.

Hence, we looked at the following quarterly ITS questions:

Factors Limiting Output question (LO):

Q14) What factors are likely to limit your output over the next three months? (multiple choice)
- Orders or Sales
- Skilled Labour
- Other Labour
- Plant Capacity
- Credit or Finance
- Materials or Components

Factors Limiting Investment question (L1)

Q16c) What factors are likely to limit (wholly or partly) your capital expenditure authorisations
over the next twelve months? (multiple choice)

- Inadequate net return on proposed investment
- Shortage of internal finance
- Uncertainty about demand

1 The data we used are collected quarterly therefore for this report the time period will always be in quarters. The present time (t) will
always refer to the time the ITS was conducted not the time the questions are referring to. When referring to what happened over the past
three months, it will be considered as a nowcast for the present at (t) and when referring to what will happen over the next three months this
will be considered as a forecast for the next quarter (t+1). If the question refers to what will happen over the next twelve months, it will also
be considered a forecast for four quarters ahead (t+4).

2 The balance statistic is the difference between the percentage of firms responded “Up” minus the percentage of those who responded
“Down”, and represents growth for the underlying economic variable.

3 The quarterly ITS runs every quarter (t) four times a year. However, between 1958 and 1972 the survey ran three times a year rather than
four. Also, from 1958 to 1975 the question regarding firms’ output was about value rather than the volume.



- Shortage of labour, including managerial and technical staff
- Inability to raise external finance
- Cost of finance

Investment questions (INVE)

Q3) Do you expect to authorise more or less capital expenditure in the next twelve months
than you authorised in the past twelve months on:

a) Buildings: (“More”, “Same”, “Less”)
b) Plant and Machinery: (“More”, “Same”, “Less”)

Q17) Do you expect to authorise more or less expenditure in the next twelve months than you
authorised over the past twelve months on:

a) Product and process innovation: (“More”, “Same”, “Less”)
b) Training and retraining: (“More”, “Same”, “Less”)

The table below shows exactly how far we can go back in terms of quarterly data for each
question.

ITSQ questions available time period
Q3 1972Q2 - 2018Q3
Q6a 1972Q1 - 2018Q3
Q8a 1975Q2 - 2018Q3
Q14 1972Q2 - 2018Q3
Q16¢ 1979Q3 - 2018Q3
Q17 1989Q3 - 2018Q3

Since the productivity proxy is created from question 8a and 6a the period we consider will be
from 1975Q2 to 2018Q3. Notice also that as we want to add variables (questions) into our
model we will need to shorten the time period.

For the sectoral analysis, we use the same firm-level data as before, but now we break it down
into the following industry sub-sectors (cross sections):

=

Building Materials
Chemicals

Electrical goods
Electronic engineering
Food, drink & tobacco
Furniture and upholstery
Glass and ceramics
Mechanical engineering
. Metal manufacture

10. Metal products

11. Motor vehicles & other transport equipment
12. Other manufacturing
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13. Paper, printing and recorded media
14. Plastic products

15. Rubber products

16. Textiles and clothing

17. Timber and wooden products

From this, we create a panel dataset treating each manufacturing sub-sector as a cross section
with multiple measurements over time.

3. UK’s Manufacturing productivity developments

Testing for structural breaks

Figure 3.1 below shows how well the ITS productivity proxy series tracks the official (ONS)
data. The correlation is slightly better with the ONS year on year (0.43) manufacturing
productivity growth. We can also see that productivity growth has settled at a pace somewhat

lower than the pre-2008 crisis average.

Fignre 3.1: UK's Manufacturing Productivity developmenis
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Next, we performed an identification test for structural breaks* in the ITS productivity time
series. Figure 3.2 gives the results from the test and Figure 3.3 a visual representation. We
found two significant breaks one in 1995Q2 and one in 2010Q2 with their corresponding 95%

confidence intervals.

4 Structural breaks are events in time where comparing before and after, the time series show different characteristics for example large
negative shocks after the financial crisis can have a permanent significant impact on the average productivity when comparing the
observations before and after the event.



Figure 3.2: ITS Productivity time series - structural break fest
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Fignre 3.3: ITS Productivity fime series with structural breaks and their confidence intervals

We conducted the same approach on the ONS Manufacturing Productivity YonY % time series
(see the results below Figures 3.4 and 3.5) and we found as expected one significant break in

2008Q1 which was the start of the financial crisis.

Figure 3.4: ONS YonY preductivity growth series - struictural break test
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Figure 3.53: ONS YoY% Productivity fime series with structural breaks and confidence intervals
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We decided to investigate two breakpoints in the ITS productivity time series (A) 2008Q1 and
(B) 2010Q2. Hence, we constructed a series of experiments that involved dynamic linear
regressions and we looked for significant differences in ITS productivity growth before and
after each event. These experiments are split in three parts. First, we find which of the ITS
questions—LO, LI and INVE (see section 2)—have the strongest relationship to productivity.
Next we construct a dynamic linear regression model with ITS productivity on the LHS and
the most significant factors on the RHS. Finally, we test for significant differences in the two
breaking points (A) 2008Q1 and (B) 2010Q2.

Interestingly if we look at three distinct periods - “Pre”, “During” (2008Q2-2009Q2) and
“Post” crisis — we can see that median productivity growth declined even more after the crisis
than it did during. And looking at the trends in output and employment over that period, the

sharpness of the recovery in employment is stark.



Figure 3.6: Growth distribution in PRE-DURING-POST 2008 financial crisis for:
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Figure 3.7: Developments of ITS Productivity growth compared to median Ourpur and
Employment growths PRE-DURING-POST 2008 financial crisis.
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We then investigate the factors related to Productivity. Before discussing the regression
analysis, it’s worth noting again that not all the series refer to the same time period: some are
“next 3 months” or “next quarter”, some “next 12 months” or “next 4 quarters” etc.. For this
reason, as well as the likelihood that productivity is autocorrelated, and to avoid omitted
variable bias, we use ARDL models.

Since we aim to uncover a long run relationship with productivity we ran a set of regression
experiments beginning with productivity data (output and numbers employed) going as far
back as possible and at least one factor series, then we repeat the process by reducing the time
frame while adding more variables into the model as the data becomes available. This approach
also helped us to decide on the number of lags and the time frame that showed the most

promising results.



Empirical Analysis Procedure

Modelling approach
We use a special case of ARDL(p, q4,-.,qx) models and the specification is given as follows:
o ¢(L,py: = {'c=1 ,[i’i(L, qi)xit + 6+ u;
where
¢(L,p) =1— 1L — L. —P,LP
Bl @) = 1= BisL = Biol®... —BigL"
u, are independent identically distributed error terms for vt
L is the lag operator e.g. L'y, = y,_4, Ly, = y,_, etc. and § represents the intercept.
We could also add other deterministic variables into the model such as time trend, seasonal

dummies, structural breakpoint dummies or exogenous variables with fixed lags. For example,
the model with all the variables was an ARDL[1,(2,..,2),(4,..,4),(4,...4)]

Prod, = 6 + ¢,Prod,_; + Zﬁ (L, q,)LO;;4 +Z/3 (L)Ll + 2 B.(L.q,)INVE;,_,
=13
+ y1t + y,t? + yZSEASONt + y4YEARt + u,

v, Is productivity growth at quarter (t)

LO;, are the factors limiting output

LI;; are the factors limiting investment

INVE;, are the investment expenditure questions.
two, time trend variables ¢, t?

two seasonality variables SEASON and YEAR.

Before we continue it is worth noting that all the explanatory variables are forecast variables,
whereas y, is considered a nowcast, hence the former start from (¢ — 1). For example, take
LO;- . limit output because of low orders or sales over the next three months. When firms are
asked this question at time t they make a prediction for the next three months or next quarter
(t + 1) the outcome of this is captured by the next quarterly ITS at (t + 1). Where we ask
firms, what happened over the past three months or past quarter basically between (t) to (t +
1) to their output and employment this data is considered unobserved. Hence, to avoid further
confusion and potential overfitting the model, we did not include the lagged terms of the

explanatory variables that look ahead of Productivity(t). To distinguish the most important
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factors between the number of variables, number of lags and time period we took a stepwise

approach and split it into two parts.

Part 1: Determining the variables linked with productivity

We started with the latest available dataset that goes the furthest back from 1975Q2-2018Q3.
For this, all the (1) LO variables were available: Orders or Sales, Skilled Labour, Other Labour,
Plant Capacity, Credit or Finance, Materials or Components. Then we run a dynamic regression
model with Productivity on the LHS and the LO factors on the RHS plus Investment in Plant
and Machinery, Investment in Buildings and L(1) term of Productivity. On the RHS we also
included the L(1) lagged terms for the LO variables and up to L(5) for INVE variables. Then
we conducted a backward elimination process based on F-tests to get the best model. The
results can be found in M1 Table R1.

Afterwards we decreased the time period to 1979Q3-2018Q3 in order to add the limiting
investment questions (LI). Accordingly, we have productivity on the LHS and on the RHS the
variables from M1 plus the LI including their lags up to L(5). Following the same backward

elimination process, we arrive at the model M2 in Table R1.

To include the questions on investment in training and product-process innovation we had to
decrease the time horizon again to 1989Q3-2018Q3. Adding them to the model, we have
productivity on the LHS and on RHS we have all the variables LO, LI and INVE including
their lagged terms (as specified previously in M2) plus the first lag of productivity itself. Then
by repeating the same elimination process, we get the results shown in M3 Table R1. Model 4
from Table R1 is a by-product of M3 where we tried to rerun the model excluding the variables

that were not found statistically significant in M3.

The final step involved model specification tests. One specification assumption that was
difficult to test was multicollinearity. This becomes a problem when one (or more) explanatory
variable can be linearly predicted by other explanatory variables in the model with high
accuracy. Multicollinearity affects the t-statistics and p-values of the coefficients. Therefore,
we cannot say with 95% confidence that the underlying explanatory variables influence the
response. Take for example Investment in Buildings and Investment in Plant and Machinery

these two have Pearson correlation of 0.9 and by including them both we could have

11



collinearity problems. Also, by looking at the correlation matrix Table A.2 we can see that
investment questions are highly correlated with each other. Hence, we used the variance
inflator factors (VIF) test to figure out if the model shows any signs of multicollinearity. The
rule of thumb says values less than 10 are accepted (Fox, J. and Monette, G. (1992)). Looking
at the four investment questions on training, plants and machinery, buildings, and product and
process innovation, their VIF was close to 10 and in plants and machinery was 11. In general,
when explanatory variables are highly correlated we do not need to include them both in the
model.

To avoid any problems, we decided to transform the variables using the eigenvalue
decomposition method and perform a Principal Component Analysis see Table A.3. The goal
was to start with a set of correlated variables and end up with a set of uncorrelated variables
namely the Principal Components. We performed PCA in three different sets of variables LO,
LI and INVE. For the first two sets PCA, did not work well as the variables were not highly
correlated to each other. However, on the third set which included the investment questions the
first two components explained 95% of the total variation. We decided to keep only the first
component PCA_INVE which accounted for 85% of the total information and we interpret it
as firms’ overall investment intentions over the next 4 quarters. So, by replacing the investment
question with the first principal component we get the results for M5. To get to M6, we
experimented by adding more lags than M5 and re-run the results.

Finishing with the first part of the analysis and uncovering the most important factors, we
compare the models M1 to M6 via the AIC and BIC criteria as well as looking at the
significance of the coefficients of the variables that are common factors between the regression
models. M6 seems to give the best fit because it has the lowest values for AIC and BIC as well
as Rgdj = 63%. Models M4 and M5 are very close as well see (Table RS Appendix A). We

considered the factors that were statistically significant in the majority of the models M1 — M6
and found to have the strongest link with productivity. Those factors were: investment in plant
and machinery, investment in training and retraining, investment intentions, limitations on
investment due to internal finance, due to external finance, cost of finance and uncertainty over
demand. Next, we look at productivity before and after the financial crisis in 2008Q1 as well
as the structural break we found in 2010Q2.

12



Part 2 Testing for significant differences in productivity before and after the crisis

Here, we take the model M6 for productivity and we add a dummy variable taking the value of
1 if we are after the break point of 2010Q2 and zero otherwise giving us the results for M7.
Note here that when we added the variable to the model we implemented a backward
elimination procedure again to see if there is a change in the model structure after adding the
dummy. Then by allowing the crisis to have a different effect on productivity growth for each
quarter away from the crisis we introduced the interaction term between the dummy and time
and got the results for M8. We repeat the same process for the financial crisis break point
2008Q1 and get M9 and M10. The results showed that both breakpoints have a significant
negative effect on productivity immediately after the start of the event (2008Q1 and 2010Q2)
but the effect diminishes quarter by quarter.

ITS Total Manufacturing Results

A summarised version of the dynamic regression results from tables A.R1, A.R2, A.R3, A.R4
can be found below in Table 3.1. According to the regressions, firms’ decision to invest and
the factors likely to limit firms’ investments over the next four quarters seem to play a
significant role in determining manufacturing productivity. On the other hand, firms’
expectations on factors that are likely to limit their output over the next quarter do not seem to
influence firms’ productivity growth over the next quarter. The overall strength of firms’
investment intentions over the next four quarters also has a positive impact on firms’

productivity growth.

In terms of investment the variables that show the strongest link to productivity are investment
in training/re-training and investment in plant and machinery. Notice that training has a
negative effect on productivity in the third quarter (L(3)) and positive effect on the fourth
quarter (L(4)) after investing in training and retraining. This seems counterintuitive at first, but
it seems plausible that the hiring and training of new workers initially depresses measured
productivity growth, with significant and positive effects on productivity feeding through over

time, once employees complete their training.

From the variables related to labour, such as the likelihood that a lack of skilled labour could
limit firms’ output, we found some evidence of a statistically significant negative relationship
in M1 (see also Table 3.1, LO Skilled and Other Labour were found significant only in M1 1

13



out of 10 models we produced). This means that as firms report an increase in shortages of
labour as a factor likely to decrease the output, firms will experience small negative shocks to

productivity growth during the next quarter.

£ 2 g
8 2 © | g 2 9
Table 3.1: Regression results E ¢ & S _ o g g
summary from A.R1 to A.R4 § q% § % uga’ 5 % S

287
PRODUCTIVITY_PAST3 10/10 + L(1) small
INVE_BUILDINGS 1/4 - L(4) small
INVE_PLANT_MACHINERY 3/4 - L(5) small
INVE_TRAINING 4/4 - L(3)/L(4) small
INVE_PRODUCT 1/2 - L(3) small
PCA_INVE 4/6 + L(3) small
LO_ORDERS_SALES 1/10 + L(1) small
LO SKILLED LABOUR 1/10 - L(0) small
LO OTHER_LABOUR 1/10 - L(1) small
LO_PLANT_CAPACITY 0/10 - small
LO_CREDIT_FINANCE 1/10 - L(1) small
LO_MATERIALS_COMPONENTS 0/10 - small
LI_INADEQUATE_NET_RETURN 1/9 + L(5) small
LI_INTERNAL_FINANCE 719 + L(3) small
LI_EXTERNAL_FINANCE 8/9 - L(4) small
LI_COST_FINANCE 8/9 - L(5) small
LI_UNCERTAINTY_DEMAND 5/9 + L(3) small
LI_LABOUR_SHORTAGE 0/10 - small
Time trend 10/10 - medium
D300301 1/2 - large
D301002 2/2 - large

5 Small is considered between [-1,1] medium [(-1,-10],(1,10] ] and large [-10<, >10].
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Lastly, Table 3.2 shows the results from models M7 to M10 focusing on the post-crisis effect
on productivity growth at each break point 2008Q1 and 2010Q2 (see also Table A.R3).
Basically, the ITS data confirm what we already know regarding he negative impact of the

2008 crisis and the Eurozone crisis on the UK’s manufacturing productivity growth.

o Main effect t-test
Table 3.2: Crisis effects Models . o
Coefficient significance
M9 -12.6 *%
Dposr>200801 M10 -99 *
M7 -13 **
Dpost>201001 M8 -89.25 *x
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4. UK’s Manufacturing productivity sectoral developments

In this section, we extend the analysis to the sectoral level, hoping to identify which sectors are
driving changes in manufacturing productivity. The following figures depict developments in
manufacturing productivity by sector relative to total manufacturing. The coloured lines
correspond to each sub-sector and the black line corresponds to the total manufacturing. We
can see that the Electronic engineering sector outperformed total manufacturing in the post
2008 financial crisis period. Whereas, the exact opposite happened to Electrical goods. Also,
Manufacturing of Plastic products sector showed very large negative shocks in productivity
after the 2008 financial crisis.

Figure 4.1: Productivity developments for each sector (colour line) against overall Manufacturing (black line)
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As far as the factors limiting output (LO) are concerned, all sectors have low orders or sales as
the most important factor likely to limit output over the next quarter. In contrast, other labour
and credit or finance were considered to be of very low importance to output over the quarter
ahead in all sectors. Shortages of skilled labour were of lesser importance in sectors such as
food drink and tobacco (cited by 5% of companies), paper and printing media (8%), metal
manufacturing (7%) and building materials (6%). Meanwhile, shortages of material or
components were most significant in motor vehicles and transport equipment (14%), electronic
engineering (12%), and electrical goods (12%), with citations roughly double the overall mean
(7%).
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Finally, looking at the investment questions (INVE) and their developments before and after
the crisis from Tables B1 and B.4, it is interesting to note that most sectors have a negative
long-term average balance for investment in buildings and plant and machinery, but generally
have positive long-term average balances for investing in training and in product and process
innovation. In general, most of the sectors show an increase in investment during the post-2008
period compared to the pre-2008 period. However, firms from sector Glass and ceramics were
more reluctant to invest in buildings (-7.8%), plant and machinery (-11.3%), training (-28.3%)
and product innovation (-13.1%) after the crisis.

The panel data model

As mentioned earlier in section 4 to investigate which sectors have a significant effect on the
productivity developments of the manufacturing industry we decided to run linear regression
models on a sector-level panel dataset. The specification of the model is given as follows:

6 13 17
PT'Odit = Qa; + Zﬁil’oit + Zﬁilllit + Z ﬁiINVEit + Us
i=1 i=7

i=14
Wherei =1,..17, t = 1993Q4,..,2018Q3 and «; is the sector specific coefficient.

The regression results can be found in Table B.PLMS. We arrived at these results by following
a similar process to that used in Section 3.

The variables limiting output due to other labour and plant capacity have a significant positive
effect on productivity in the model. Shortages of other labour may lead companies to invest in
labour-saving technology, which would tend to increase productivity. Similarly, you would
expect capacity pressures to push companies to invest in capacity expansion, which may
increase productivity (provided, of course, that output increases faster than labour input, which
is not necessarily a given). In contrast, shortages of skilled labour have a significant negative
effect on productivity. This may be because it is difficult to find a technological substitute for
skilled labour, while limited skilled labour may also affect the efficiency with which labour
and capital inputs can be combined, i.e. TFP.

Sector regressions

By running a regression on productivity growth for each sector independently, textiles and
clothing and timber & wooden products show a significant positive relationship between lack
of Other Labour and Productivity. On the other hand, Food Drink & Tobacco shows a
significant negative relationship which means when firms’ expectations rise by 1% point
regarding shortages of other labour as a factor to limit output over the next quarter productivity
is expected to drop by -1.34%.

We continue the sectoral analysis section with Table B.DYN which contains the results from
dynamic regressions on the panel data for the period [1993Q4-2018Q3]. So, the model now
uses sectors as dummy variables, but instead of 17 Sectors we add the Total Manufacturing
dataset (used in Section 3) and we use that as the basis of comparison. Hence, the results in
Table 4.1 (summarised version of Table B.DYN) show how productivity growth in each sector
compares with the average productivity growth of the total manufacturing industry.

17



Table 4.1: Sectoral effects [1993Q4-2018Q3] DYN1 DYN2
Building Materials -4.5 -4.5
Chemicals 0.5 3.5
Electrical goods -8 () -5.0
Electronic engineering -10(*) =24 (***)
Food, drink & tobacco -7 () -8
Furniture and upholstery -1 -1.5
Glass and ceramics -5 -7.5
Mechanical engineering 16 20 (***)
Metal manufacture -2.5 -3.5
Metal products 6.0 7
Motor vehicles & other transport equipment 2 4
Other manufacturing -0.1 -3.5
Paper, printing and recorded media 1 1.5
Plastic products -3.5 -3.5
Rubber products -8 -10 (\)
Textiles and clothing -2.5 -0.8
Timber & Wooden products -2.0 8.0
Significance levels at a=%: (.) 10%, (*) 5%, (**) 1%, (***) 0.1%

The two key driving sectors for productivity growth in manufacturing during the period
between 1993Q4-2018Q3 according to the models in Table 4.1 are Electronic engineering
which seems to be the sector that has the largest overall negative contribution (-24) and
Mechanical engineering with the overall most positive (20). The difference between models
DYNL1 and DYN2 (see Table B.DYN) is that the latter includes an extra set of coefficients to
measure the effect of 2008 financial crisis period on each sector (see below Table 4.3).
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MEAN MEDIAN

Table 4.2:
Average-Median . 2 - - I o
. T Y O o X e}
Productivity growth m z 9 m z A
Chemicals 193 | | 10 || -678] 180 | 9 l 8.0

Electronic engineering -15.3 l -234 | 1| 19.7 | -150 ) -4.0 1 19.0

From Table 4.2 we can now clearly see the shift of Electronic engineering from negative
productivity growth pre-2008Q1 to positive post-2008Q1.

Table 4.3 shows how much more was the 2008 post-crisis impact on the productivity growth
on each of the sectors compared to the overall manufacturing industry.

Table 4.3: Sector-Crisis effects DYN2
Building Materials 0.24
Chemicals -7.60
Electrical goods -6.31
Electronic engineering 31.6 (***)
Food, drink & tobacco 3.14
Furniture and upholstery 1.52
Glass and ceramics 5.07
Mechanical engineering -9.00
Metal manufacture 1.94
Metal products 0.46
Motor vehicles & other transport equipment -3.41
Other manufacturing 7.84
Paper, printing and recorded media -2.41
Plastic products -1.00
Rubber products 3.89
Textiles and clothing -4.29
Timber & Wooden products -22.6 (***)
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5. Conclusion

First the quarterly Industrial Trends Survey data confirm the productivity puzzle in the official
data. Second, the survey data showed another structural break in the productivity time series
that was 2010Q2 which was later found to have a significant effect on productivity growth.
This aligned with the intensification of the Eurozone crisis which led to a rapid fall in
productivity. Third, when we investigated the manufacturing industry, we uncovered the
following variables which showed the strongest link to productivity: from INVE: Plant and
Machinery, Training and retraining, from LI: due to Internal Finance, External Finance, Cost
of Finance and Uncertainty Demand. Training and retraining had a negative effect on
productivity in the third quarter L(3) but a positive in the fourth quarter L(4) which was
interpreted as the result of the employees getting the training during the third quarter resulting
in decreased productivity and then after finishing their training they benefit from increased
productivity in the fourth quarter. The fourth result was the PCA analysis on the investment
questions (INVE) where the PCA_INVE variable was found to be significant 3 out of 4 times
it was included in the model had a positive relationship with productivity. This confirms the
fact that as the investment intentions increase productivity is also expected to increase. The
fifth result involves the sectoral analysis over the period 1993Q4 to 2018Q3 where we
constructed a panel data set while treating sectors as cross sections. We found the following
three factors that are likely to limit firms’ output over the next quarter, to have a significant
relationship with productivity: due to shortages of Skilled Labour, Other Labour and due to
Plant Capacity. The variable limiting output over the next quarter due to the lack of Skilled
Labour had a negative sign, suggesting shortages of skilled labour can restrain productivity
growth. Interestingly, shortages on Other Labour were found to have a positive relationship
with productivity. We suspected that when firms lack other labour they might be investing
more in labour-saving technology e.g. buy machines to replace low-skilled workers. We
explored that point further and looked each sector individually and found that Textiles and
clothing, Timber & Wooden products and Mechanical engineering show a positive relationship
between shortages in other labour and productivity growth. However, Food Drink and Tobacco
showed a negative relationship to productivity growth. Which is something we expected as this
sector is the most labour heavy sector therefore shortages in other labour will decrease
productivity. Anecdotally this result appears plausible: a growing interest in automation among
food & drink manufacturers is a relatively recent phenomenon, as the cost of such technology

has fallen sharply. The Industrial Trends Survey data confirm the fact that 2008 financial crisis

20



had a negative impact on productivity growth in all sectors from the start to the finish of the
crisis whereas firms’ show a slow recovery after the crisis. One exception was Chemicals that
started with higher productivity growth before crisis, then, fell during the crisis and did not
manage to recover afterwards. The main driver behind the high productivity growth in the post-
crisis period was Electronic engineering on the contrary Timber & Wooden products exerted a
significant drag. Finally, regarding investments (Buildings, Plant and Machinery, Training,
Product) most of the sectors agree that firms show an increased willingness to invest after the
crisis compared to before. However, firms reduced investing in training and retraining after the
crisis compared to before, in the following sectors: Electrical goods, Food, drink & tobacco,
Furniture and upholstery, Glass and ceramics, Metal manufacture, Metal products, Paper,
printing and recorded media and Textiles and clothing. Also, firms manufacturing glass and
ceramics decreased their willingness to invest in all other areas (Buildings, Plant and

Machinery, Product and Process Innovation) as well.
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Appendix A

TABLE A1 = " 9

s Sl E gl |xle] s 8 i |

c| Elv |2 | E|E|E|E|E| ¥ 2| 8|2 |8
PRODUCTIVITY_PAST3 174 | 16.4 14 16 16.0 | 13.3 | -18 57 75 0.23 -0.1 1.06 |0.01| 0.01
EMPLOYMENT_PAST3 174 | -145 | 200 | -13 | -134 | 19.2 | -70 21 91 -0.5 -0.26 | 152 | 0.01| 0.02
OUTPUT_PAST3 174 | 191 | 168 | 5 323 | 148 | 53 36 89 | -0.74 | 047 1.28 | 0.02 | 0.01
INVE_BUILDINGS 174 | -17.7 | 121 | -18 | -17.1 | 13.3 | -56 6 62 -04 -0.17 | 092 | 0.01| 0.01
INVE_PLANT_MACHINERY 174 | -2.94 17 -3 -2.19 | 19.2 | -57 32 89 | -0.38 | -0.22 129 | 0.01| 0.01
INVE_TRAINING 117 | 140 | 119 | 14 146 | 10.3 | -30 38 68 | -0.78 | 141 111 {021 | 0.01
INVE_PRODUCT 117 | 121 | 121 | 13 129 | 118 | -30 33 63 | -0.79 0.9 112 | 0.29 | 0.01
EMPLOYMENT_NEXT3M 174 | -15.1 | 166 | -14 | -14.2 | 17.0 | -65 16 81 | -0.44 | -0.18 126 | 0.01| 0.01
LO_ORDERS_SALES 174 | 755 | 122|765 | 763 |9.64| O 96 9% | -2.62 | 14.17 | 093 | 0.06 | 0.01
LO_SKILLED_LABOUR 174 | 1252 | 6.27 | 12 123 |593| 0 30 30 034 | -0.34 | 0.48 | 0.07 | 0.01
LO_OTHER_LABOUR 174 | 2.22 1.6 2 2.06 | 1.48 0 10 10 1.29 2.79 0.12 | 0.23| 0.01
LO_PLANT_CAPACITY 174 | 1458 | 586 | 145 | 145 (519 | O 29 29 | -0.06 -0.4 0.44 |0.08| 0.01
LO_CREDIT_FINANCE 174 | 392 |275| 3 351 |148| 0 26 26 413 | 26.36 | 0.21 | 0.01| 0.01
LO_MATERIALS_COMPONENTS | 174 | 6.58 | 3.46 | 6 6.3 [297| O 18 18 0.76 0.57 0.26 | 0.01| 0.01
LI_INADEQUATE_NET_RETURN | 157 42 548 | 42 42.0 | 593 | 28 55 27 | -0.19 | -0.22 | 0.44 |0.24| 0.01
LI_INTERNAL_FINANCE 157 | 20.1 | 3.99 | 20 201 | 297 | 10 31 21 0.12 0.14 0.32 | 0.17 | 0.01
LI_EXTERNAL_FINANCE 157 | 438 | 2.8 4 4.02 | 148 1 16 15 1.62 3.42 0.22 | 0.05| 0.01
LI_COST_FINANCE 157 | 659 | 544 | 5 5,59 | 297 1 26 25 1.69 2.47 0.43 | 0.22 | 0.02
LI_UNCERTAINTY_DEMAND 157 49 6.92 | 50 493 (741 30 69 39 | -0.24 | 0.33 0.55 | 0.06 | 0.01
LI_LABOUR_SHORTAGE 157 | 6.69 |4.04 | 6 6.22 | 2.97 1 20 19 112 1.26 032 | 05 | 0.01
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Table A.2

X1: PRODUCTIVITY_PAST3

X2: EMPLOYMENT_PAST3

X3: OUTPUT_PAST3

X4: INVE_BUILDINGS

X5: INVE_PLANT_MACHINERY

X6: INVE_TRAINING

X7: INVE_PRODUCT

X8: EMPLOYMENT_NEXT3M

X9: LO_ORDERS_SALES

X10:

X11:

X12:

X13:

X14:

X15:

X16:

X17:

LO_SKILLED_LABOUR

LO_OTHER_LABOUR

LO_PLANT_CAPACITY

LO_CREDIT_FINANCE

LO_MATERIALS_COMPONENTS

LI_INADEQUATE_NET RETURN

LI_INTERNAL_FINANCE

LI_EXTERNAL_FINANCE

X18:L1_COST_FINANCE

X19:LI_UNCERTAINTY_DEMAND

X20:LI_LABOUR_SHORTAGE

X1

X3

0.2

0.8

X4

0.1

0.6

0.7

X5

0.1

0.5

0.7

0.9

X6

0.1

0.4

05

0.7

0.7

X7

0.1

0.6

0.7

0.8

0.8

0.9

X8

0.9

0.8

0.7

0.7

0.4

0.6

X10

-0.4

0.7

0.5

0.4

0.3

0.2

0.3

0.6

-0.8

X11

0.3

0.2

0.1

0.1

X12

0.1

0.5

0.6

0.6

0.5

0.5

0.6

0.5

0.4

0.2

X14  X15
-02 03
06 -0.2
0.5 0
03 -01
0.3 0
01 01
02 -01
05 -0.2
-06 0.2
0.4 0
03 03
05 01
0 -05

1 0

1

X16

0.3
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X18

0.1

X20

0.6

0.5

0.4

0.3

0.2

0.3

0.6

-0.7

0.7

0.4

0.3



Table A.R1 Dynamic regression results

Intercept
PRODUCTIVITY_PAST3
INVE_BUILDINGS

INVE_PLANT_MACHINERY

INVE_TRAINING
INVE_PRODUCT
LO_ORDERS_SALES
LO_SKILLED_LABOUR
LO OTHER_LABOUR
LO_PLANT CAPACITY
LO_CREDIT_FINANCE

LO_MATERIALS_COMPONENTS
LI_INADEQUATE_NET_RETURN

LI_INTERNAL_FINANCE
LI_EXTERNAL_FINANCE
LI_COST_FINANCE
LI_UNCERTAINTY_DEMAND
LI_LABOUR_SHORTAGE

year

quarter

M1
1975Q2-
2018Q3
8.64
0.40(***)

L(5) -0.1(*)

L(1) 0.15(*)
L(1) -0.18

M2
1979Q3-
2018Q3

12.15
0.28(***)
L(4) -0.23(**)

L(1) -0.29(.)

L(5) 0.28
L(3) 0.44 (*)

L(4) -0.94(**)

L(4) -0.33(%)
L(5) 0.24(.)

Seasonality-time effects

-0.38(***)

-2.0(***)
0.03(**)

Model statistics

61%

70%

M3

1989Q3-2018Q3

39.7
0.23(*)

L(4) -0.25

L(4) 0.385(*)
L(5) -0.168(.)
L(3)-0.45 (***)
L(4) 0.37 (*)

L(4)-0.39(*)

L(5) 0.36(.)
L(3) 0.3
L(5) 0.45(.)
L(4) -0.86(*)
L(5) -0.62(*)
L(4) 0.23

-4.36(**)
0.06(**)

59%

M4
1989Q3-
2018Q3

89.9 (***)
0.32(***)
L(5) -0.17(%)

L(3)-0.46 (***)
L(4) 0.26())

L(5) 0.34()

L(5) -0.81(**)

-5.2(***)
0.07(***)

57%
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Degrees of freedom 163 141 100 103

Observations 175 152 112 112
AlC 1216 1069 792 794
BIC 1238 1105 838 821

Model specification tests
Residuals ACF PASS PASS PASS PASS
Unit root test (ADF + PP) PASS PASS PASS PASS
Durbin-Watson test 1.96 1.9 2.09 2.06
Box-M test L(1) PASS PASS PASS PASS
Ljung Box test L(4) PASS PASS PASS PASS
Breusch-Godfrey test L(4) PASS PASS PASS PASS
Breusch-Pagan test PASS PASS PASS PASS
Normality tests [JB, SW, qqgplot] PASS (1/3) PASS (2/3) PASS (2/3) PASS (2/3)
Variance Inflation Factor PASS (4/4) PASS (8/8) PASS (12/13) PASS (12/13)

TABLE A.3: PCA Principal Component Analysis
Cumulative
. S S S S S g
Proportion of Total 3 3 3 3 3 3
=] e =] < =] =]
Variation = N w e o o
PCA_INVE 0.85 0.942 0.974 1
PCA_LO 0.38 0.66 0.80 0.91 0.97 1
PCA LI 0.68 0.86 0.93 0.97 0.99 1
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Table A.R2 Dynamic regression results include PCA

1989Q3-2018Q3
Intercept

PRODUCTIVITY_PAST3

PCA_INVE

LO_ORDERS_SALES
LO_SKILLED_LABOUR

LO_OTHER_LABOUR
LO_PLANT CAPACITY
LO_CREDIT_FINANCE
LO_MATERIALS_COMPONENTS
LI_INADEQUATE_NET_RETURN
LI_INTERNAL_FINANCE

LI_EXTERNAL_FINANCE
LI_COST_FINANCE

LI_UNCERTAINTY_DEMAND
LI_LABOUR_SHORTAGE

Seasonality-time effects

year
quarter

Model statistics

Degrees of freedom

Observations
AIC
BIC

Model specification tests

M5
10.8
0.32 (***)

L(3) 0.16 (***)

L(1) 0.26

L(5) 0.30

L(3) 0.51(*)
L(4) -1.43 (***)
L(5) 0.60

L(5) -0.58(*)
L(3) 0.51 (**)
L(5) 0.23

4(**)
0.06(**)

59%

100
100
798
836

M6
25.85
0.25(**)

L(3) 0.26(***)

L(1) -0.61 (*)
L(1) -0.93
L(1) 1.24 (*)

L(4) 0.53(**)
L(5) 0.52(*)
L(4) -1.33 (***)

L(5) -0.60 (*)
L(5) 0.28())

-3.4(*%)
0.05(**)

63%

99

113
787
828
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Residuals ACF PASS PASS

Unit root test (ADF + PP ) PASS PASS
Durbin-Watson test 2.08 2.09

Box-M test L(1) PASS PASS

Ljung Box test L(4) FAIL FAIL
Breusch-Godfrey test L(4) FAIL FAIL
Breusch-Pagan test PASS PASS
Normality tests [JB, SW, qqplot] PASS (2/3) PASS (3/3)
Variance Inflation Factor PASS (10/10) PASS (11/11)

TABLE A.R3 Dynamic Regression results PRE vs POST 2010Q2

Breakpoint: 2010Q2 Model 7 Model 8
Intercept 25.8 -42 (**%)
Dpost -13(**) -89.25(**)
Dyose * t 2.12(**)
PRODUCTIVITY_PAST3 0.25 (**) 0.3 (***)
PCA_INVE L(3) 0.09

LO_ORDERS_SALES
LO SKILLED LABOUR
LO_OTHER_LABOUR
LO_PLANT_CAPACITY
LO_CREDIT_FINANCE L(1)-0.5 ()
LO_MATERIALS_COMPONENTS
LI_INADEQUATE_NET_RETURN
L(3)0.56(*)  L(3)0.67 (**)

LI_INTERNAL_FINANCE L(5) 0.34
LI_EXTERNAL_FINANCE L(4)-1.16(**)  L(4) -1.01(*)
LI_COST_FINANCE L(5) -0.51(*)

L(3) 0.55 (**)  L(3)0.638 (***)
LI_UNCERTAINTY_DEMAND L(5)0.28()  L(5)0.30(*)
LI_LABOUR_SHORTAGE




Seasonality-time effects

t -4.85(***)
2 0.08(***)
year
quarter
Model statistics
Rid]. 60%
Degrees of freedom 100
Observations 113
AlC 793
BIC 832
Joint F-tests for model coefficients
Hy:Dyoe = 0 PASS (**)
Hy: Dpost = Dpose xt =0 FAIL

Model specification tests

Residuals ACF

Unit root test (ADF + PP)
Durbin-Watson test

Box-M test L(1)

Ljung Box test L(4)
Breusch-Godfrey test L(4)
Breusch-Pagan test

Normality tests [JB, SW, qqplot]
Variance Inflation Factor

PASS
PASS

1.98

PASS
PASS
PASS
PASS
PASS (1/3)
PASS (9/9)

-0.17

59%

104
113
793
820

PASS (**)
PASS (**)

PASS

PASS

2.02

PASS

PASS

PASS

PASS

PASS (2/3)
PASS (11/11)
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TABLE A.R4 Dynamic regression results PRE vs POST 2008Q1

Breakpoint: 2008Q1 Model 9
Intercept 0.12

D5t -12.65(**)
Dyose * t

PRODUCTIVITY_PAST3 L(1) 0.24 (**)
PCA_INVE L(3) 0.14 (**)
LO_ORDERS_SALES L(1) 0.33(.)

LO_SKILLED LABOUR
LO_OTHER_LABOUR
LO_PLANT_CAPACITY L(1) 0.37(.)
LO_CREDIT_FINANCE

LO_MATERIALS COMPONENTS
LI_INADEQUATE_NET_RETURN

L(3) 0.50 (¥)
LI_INTERNAL_FINANCE L(5) 0.36
LI_EXTERNAL_FINANCE L(4)-1.12 (**)
LI_COST_FINANCE L(5) -0.59 (*)

L(3) 0.45 (**)

LI_UNCERTAINTY_DEMAND L(5) 0.26(.)
LI_LABOUR_SHORTAGE
Seasonality-time effects

t -5 (**%)
t? 0.09(***)
year
quarter
Model statistics
RZ4; 61%
Degrees of freedom 99
Observations 113
AlC 793
BIC 833

Joint F-tests for model coefficients

Model 10
76.84 (*)
-99.3(*)
-3.24 (%)
0.25 (**)
L(3) 0.1 (*)

L(4) -0.77(*%)
L(5) -0.60(*)
L(3) 0.56(**)
L(5) 0.44(*)

-8.41 (*)
0.15 (**)

60%
101
113
793
828
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obmeiveed
eMmEDILSA P X & O
P T R i L

rend

$a-a80nal

Fan=d0m

Hy: Dpose = 0 PASS (**) FAIL
Hy: Dpoge xt =0 FAIL PASS ()
Model specification tests

Residuals ACF PASS PASS
Unit root test (ADF + PP) PASS PASS
Durbin-Watson test 2.08 2.04
Box-M test L(1) PASS PASS
Ljung Box test L(4) FAIL PASS (.)
Breusch-Godfrey test L(4) FAIL PASS (.)
Breusch-Pagan test PASS PASS
Normality tests [JB, SW, qqplot] PASS (1/3) PASS (3/3)
Variance Inflation Factor PASS (10/10)  PASS (10/10)

Figure A.1: Decomposed of the ITS Manufacturing productivity time series
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Appendix B

TABLE B.1: DESCRIPTIVE STATISTICS by SECTOR [1993Q4-2018Q3]

g @

£ |2 B > 2

9 3 o 8 ‘= =3 P <]

S g |2 3 8 g | £ o | & |2 | &
S £ |2 o | 2 S lg |8 |8 |8 |5 |8 | |58 |€ |4
z co| g |u S |2 |&|2|8|s |55 |8 |8 |8 |¢
s = S8 |2 |8 |E c |8 |2 |8 |35 |2 12|88 ¢
g 5 g |8 | | & s | |82 ]2 |8 |5|2|3 |% |8
5 5 ? < € = 5 3 = = = 5 = = 5 kS 9 @
) S > 3 o ] S 3 g 3 ] < = = = £ 2 3
T £ S |5 |6 |3 | & O |a |m |= |6 |8 |2 |a |[F |& |0o
n 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100
mean 22 | 82 | 26 | 144 | 52 | 91 | 92 | 59 333 | 01 | 62 | 22 | 109 | 16 | 63 | 9 | -2.8
sd 234 | 32 | 205 | 264 | 1561 | 171 | 233 | 17.7 | 36.7 | 39.8 | 21.3 | 245 | 39.6 | 37.4 | 44.9 | 49.2 | 33.2
median | 205 | 105 | 3 | 165 | 6 10 | 85| 6 |295]| 35 | 45 | -05 | 75 | 2 2 | 15 | 2
trimmed | 212 | 95 | 38 |154 | 49 | 93 | 98 | 61 |331| 01 | 66 | -16 | 103 | 08 | 56 | 11 | -26
mad 222 | 311|193 | 252 | 163 | 156 | 215 | 17.8 | 348 | 39.3 | 23 | 25.2 | 385 | 36.3 | 42.3 | 51.9 | 34.8
min 58 | -88 | -52 | -68 | -27 | -32 | -55 | -49 | -56 | -99 | -42 | -70 | -74 | -77 | -121 | -107 | -73
max 90 | 101 | 39 | 71 | 42 65 63 | 55 | 118 | 83 | 56 | 51 | 118 | 102 | 116 | 102 | 78
range 148 | 189 | 91 | 139 | 69 97 | 118 | 104 | 174 | 182 | 98 | 121 | 192 | 179 | 237 | 209 | 151
skew 01 | 03| -05]-04| 01 0 02| -01]01]|-01]-01]-03]02]02]01]-03] 0
kurtosis | 0.7 1 |01 02| 05| 02 |03 |05 ]|-04|-083]|-04]|-01]-02]-01]01]-05] -04

5 »

S 1= o ©
0 8 € =) S £ 0 @ 2 2 2 2 S c % "
£ S 2 | & g2 | 2 2 |lc |g | & |8 |€E |2 |g |8 |8 |8
= X 2 |3 3 | £ wlg|o |2 |2 |8 |2 |2 |8 |8 |§
g £ s g | &€ | e | £ 2 |2 |5 | € |8 |9 |@ = | & |5
E 5 | |2 |8 | |& s e |§ 2|2 |3 5|22 |% |8
$ g |2 /g |5 |8 |8 |8 |%8 |8 |8 |&8|% |E |2 |2 |2 |8
L 7] D © D @ = = = <
£ 2 S |z |6 |= | & i |a |m |= |86 |8 |2 |@a |E |& |o
mean -16.4 -24.4 | -16.7 | -149 | -17.3 -215 -15.2 | -183 | -20.1 | -24.7 | -21.8 | -13.4 | -20.5 | -18.6 | -19.7 | -17.3 | -14.8
sd 22.1 25.9 20.2 24.9 17.6 19.7 20.5 20.7 23.7 317 17.6 18.9 26.1 33.1 21.3 34.2 31.2
median -14 -28 -155 | -155 -17 -19 -18 -135 -19 -195 | -195 -14 -22 -17.5 -18 -14 -14
trimmed -15.8 -259 | -176 | -149 | -16.5 -21.1 -15.9 | -17.2 | -20.7 | -25,5 | -20.9 | -13.2 | -19.9 -19 -18.7 | -18.3 -15
mad 17.8 28.2 19.3 23.7 19.3 19.3 14.1 20 23.7 25.2 17.8 18.5 245 34.8 23.7 33.4 26.7
min -74 -74 -52 -84 -58 -68 -60 -82 -61 -86 -76 -62 -93 -92 -79 -79 -83
max 36 62 73 41 18 18 42 18 53 58 20 30 53 63 25 75 78
range 110 136 125 125 76 86 102 100 114 144 96 92 146 155 104 154 161
skew -0.3 0.6 1 0 -0.3 -0.2 0.4 -0.6 0.3 0.1 -0.5 -0.1 -0.1 0 -0.4 0.3 0.1
kurtosis 0.1 0.1 2.7 -0.1 -0.5 -0.7 0.4 0.2 -0.1 -0.5 0.4 -0.3 0.3 -0.3 -0.4 -0.1 -0.1
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© % n

% 1S =2 £

n 2 'g < g jo] Pa) -g

e Q = = ‘= j

5 g | g |8 g | & e | £ g |2 | &

o 8 =t © = £ o £ 2 = 2 2 8 c %) »
£ = S | & 8 = 2 | © s | & g | | € | |3 s | 8
= s = & — S §= m 3 8 5 5 o = < S S IS
c o c T P S b= IS c c > < <
S 3 £ o kS = o = 2 = = ] < © o = o 5
E £ | A = S |8 | & | a S |3 |8 | =2 | = 8 5 2 |3 = | O
2 5 g | = E | = - s |2 s | = = |= |2 |5 | & | 8 P
$8|8 |2 |g |2 |88 | |8 |28 £ |2 |% |5 |2 |E |5 &
£ = i P > O p= a w o w > o [ [ m [ @ O
mean -18 | 83 | 77| 32 | 65 | -128 | -42 | -78 | 58 | -115| 95 | -91 | -116 | -47 | -115] 08 | 03
sd 264 | 269 | 21 28 | 231 | 209 | 222 | 272 | 283 | 344 | 226 | 205 | 32.3 | 385 | 234 | 419 | 388
median 2 -8 6 6.5 6 | -115 | 55 | -7 3 11 | -105 | -8 13 | 65 | -115 | 1 -1
trimmed | 21 | 85 | -75 | 49 | 62 | -126 | -46 | -74 | 57 | -115]| 86 | -86 | -11.4 | 59 | -108 | 09 | 09
mad 207 | 252 | 237 | 259 | 208 | 185 | 215 | 282 | 26.7 | 371 | 26.7 | 208 | 363 | 445 | 215 | 47.4 | 437
min -55 67 | 56 | -87 | -74 -66 53 | 77 | 65 | 83 | -71 | 59 | 93 | 90 | -82 | -79 | -87
max 77 69 37 73 50 49 69 51 67 65 32 36 57 80 57 79 84
range 132 | 136 | 93 | 160 | 124 | 115 | 122 | 128 | 132 | 148 | 103 | 95 | 150 | 170 | 139 | 158 | 171
skew 0.2 0.1 0 06 | -01 0 03 | -01 0 0 04 | 02 0 02 | -02 0 0.1
kurtosis | -03 | -01 | 07 | 06 | 03 0.2 04 | 04 | -04 | -07 ] -02] -05] -04]-07 1 1.1 | 06
z -

S 5 g

£ g 2 =2 %’

£ o = 5 = = 2 > °

@ g g 2 2 3 o £ o | & @ &

= o = > = £ n 8 % 2 c % 8 = i%) .
< S 128 | & El2 |25 |8 || |5 |8 |8 |8 |3 |¢%
= £ g | = S | |4 |2 |8 |5 |5 |83 |5 |2 |g |5 |E
s 2 = 3 3 © B < o S © S c S s S s
T c £ S Qo = S £ 2 < = < < P = = T 5
EEZ | a = g | g & a 5 PO S = = 8 5 g = - o
o 'g o3 < e = = =] = = = = = = S o a »n
Ss |8 |2 |8 |2 |8 |8 |E |2 |8 |8 |& |8 |5 |35 |E |5 |&
2 i = > &) > a w o w > le) — s M = @ [G)
mean 152 | 6.4 | 149 | 24 | 145 11 151 | 83 | 112 | 94 | 113 | 94 | 131 | 135 | 68 | 127 | 13.3
sd 172 | 251 | 20 | 184 | 16,7 | 192 | 195 | 197 | 19.7 | 251 | 17.4 | 155 | 266 | 32 | 227 | 295 | 27.4
median 14 4 16 23 15 14.5 14 75 11 7 12 8 20 9 125 | 95 10
trimmed | 153 | 65 | 148 | 235 | 152 | 118 | 151 | 7.3 11 95 | 122 | 96 | 154 | 153 | 91 | 123 | 12.7
mad 163 | 282 | 193 | 148 | 14.1 20 193 | 178 | 193 | 208 | 178 | 17.8 | 23.7 | 326 | 193 | 289 | 26.7
min -38 53 | -45 | 32 | -4 -32 46 | -41 | -37 | -74 | -39 | -26 | -84 | 59 | 56 | -57 | -52
max 59 62 69 81 52 49 57 71 62 62 41 45 60 70 56 82 76
range 97 115 | 114 | 113 | 93 81 103 | 112 | 99 | 136 | 80 71 | 144 | 129 | 112 | 139 | 128
skew 0.1 0 01|02 | 05| 03| -01|05]| 02| -03]|-05 0 09 | 03| -08 | 01 | 02
kurtosis 05 07 | 05 13 06 0.6 0.2 07 | -02 | 08 0 07| 07 | 05| 01 | -02 | -01

33




© +—
C e
< [} [%)
= e joy °©
S = £ « e 3
8 c 8 g‘ % S q:_, (<] g g (%] e
o o o L o (5] D —_ = — —_ o
(= 8 = =) b= £ A 7 2 2 = 2 = c %)
I S = 2 = 5 | B8 | 8 2 g | € | 2 S 3 S 8
= = Q 1] =] c =] > s s =] = k=] S =2
- 9 @D = S = [} S = = o =3 o] Q ° 1=
SE|Z |s|8B |2 |B|E |¢|B |2 |E|E | |2 |2 |2 |&|c¢
Eg |8 |5 |5 Sl s |8 |e €212 |8 |2 |8 |35 |5 |¢
= = = = = e 5 = = =] o o

S |8 |2 |8 |2 |8 |& |8 |8 |8 |8 |&£ |8 |5 |3 |E |5 |&8
£ s L P > O p= a w o w > o [ [ m [ @ O
mean 166 | 94 9.9 275 | 102 | 35 188 | 7 154 | 25 | 108 | 44 119 | 168 | -5 113 | 166
sd 21 281 | 202 |219 | 178 | 175 | 186 | 197 | 224 | 254 | 178 | 165 | 265 | 35 22 327 | 301
median | 16 9 8.5 285 | 11 5 18 7 135 | 0 115 | 7 15 21 -1 95 15
trimmed | 171 | 9.3 105 | 289 | 106 | 338 191 | 6.7 152 | -05 | 11 5.1 134 | 187 | -4 122 | 17.4
mad 208 | 289 |17 245 | 163 | 20 20 178 | 23 208 | 185 | 163 | 27.4 | 385 | 193 | 304 | 282
min -45 49 | 45 |-35 | -44 | -34 31 |35 |-32 |-83 |-38 |38 |-79 |9 |[-80 |-70 |-60
max 68 76 58 65 56 41 70 56 64 66 52 47 62 78 58 80 73
range 113 125 | 103 | 100 | 100 | 75 101 | 91 9 149 | 90 85 141 | 168 | 138 | 150 | 133
skew 0.2 0.1 03 |-05 |-02 |-01 01 |01 0.1 07 |03 |-03 |-06 |-05 |-05 |-02 |-03
kurtosis | 0.2 06 |01 04 |04 0.9 01 |03 |-06 |1 0.2 03 | 04 02 |1 03 | -03
p .
o —
5 g
T £ 8 . |2 E

8 2 3 = = 2 F
° S | g |8 3 g o | £ g |2 |&
> < - i S c %) = = =y @2 .© p n

o o (@] — & kel — E o = 3 17,
f= o 1<} (=4 1] o =] © o 3 S = < I} S S <}
5 [t a i = e S S S s s = =3 = o S €
o £ |5 |8 |2 |8 |E |2 |8 |2 |5|5 |05 |2 |=2|2|82|¢
£ a = s 3] a a S S 3] = ] 5 S . - o
= < IS = 5 = = = = 5 = = i=] 0
E2 |3 |$ |8 |8 |E|8 |8 |% |8 |8 |2 |% |5 |2 |2 |2 &
4 0 L = = (&) = a w o w = (@] [ [t m [= x O
mean 752 | 626 | 69.2 | 72 763 | 834 | 755 | 728 | 769 | 769 | 796 | 773 | 789 | 751 | 764 | 701 | 764
sd 158 | 203 | 167 | 154 | 101 | 83 136 | 147 | 15 206 | 9.2 9.2 171 | 233 | 166 | 243 | 189
median | 78 615 | 73 735 | 76 84 79 755 | 80 83 80 78 815 | 84 77 775 | 805
trimmed | 76,7 | 629 | 709 | 728 | 764 | 83.7 771 | 735 | 78.2 | 80 796 | 769 | 806 | 783 | 774 | 727 | 78.7
mad 163 | 215 | 133 | 17 133 | 74 104 | 156 | 163 | 16.3 | 8.9 104 | 17 17 193 | 23 15.6
min 37 19 15 32 55 50 36 36 37 19 57 58 13 16 36 16 16
max 99 100 | 96 99 96 100 98 98 97 100 | 100 | 98 100 | 100 | 100 | 100 | 100
range 62 81 81 67 41 50 62 62 60 81 43 40 87 84 64 84 84
skew 0.7 0 -1 04 |-01 |-07 -1 04 |-07 |12 |0 0.2 -1 -1 04 |-07 |-1
kurtosis | -0.5 09 |09 06 | -1 15 05 08 | -04 |04 03 |-06 |11 03 |-07 |-07 |03

34




< | ™~
3 A o | o o n |m ™ @ )
SOIWRIRDSSEID |9 (S vl e lo B IH |15 1o SOIEIBDSSEID | 5 15 |0 |S |o |o N[N |e |9
0 | @ ~ | o | o © |o o | < p
spnpoIdsqany 1w 15 | L 1Y |5 o [RIR|S | S sPONPOI4IBAANY | 5 | 55 | o5 | |o [D (S |« |8
< | < (o
sINpoid UapooM oquilL (& | S | | |3 |6 [ |5 |2 |3 SINpoid UaPoOM oqwiL | F |2 | o & o |o |8 |8 ||
(V]
(2] [oe] (2] < (V] Te) — [s2] o
sieuere buping |2 13 |6 |33 |0 |2 (2 (] |w steueleN BupINg | & 1T o |G o o [B (B |0 |
© ~ (@ 0
Aesioydneimiung | 13 19 |5 |9 | |8 |8 (3| Aasioydpaimiung 1312 1o 1S o |o |92 (3 |8
AN 2|~ o~ | ™ |~ © [~
Bulpopp sexel |5 (X |9 |15 |15 (o [5(3[S | Buporgseimxel |2 |15 [« |2 | |0 |22 IS |5
~
BumoginueN 18YI0 S 1S 1212 (X o (2|2 |23 BuumoeinueN 1810 |2 (2 |4 (S | |0 (222 |
BIMIBINUBN BN | | & (< (65 |o |0 | B |B |« | BIMIBINBN BN | & | & |0 | S |o |o |8 |8 |5 | &
© | < N (o -
SPo0O [OLAIT |y | 1 |9 |d o[B8 (|3 | SPO0Y [BOUBIF | 2 | T | [Q o |0 B |5 |o |
™ <
spnpoidonseld [ (Y (g[S (2o (e le 2|5 spNpoIdonseld (2 |2 |, 1213|0818 || o
o | < — «©
Buesuibuz ooz [~ | [ < ¥l (g |2 (92| Bunssulbuz owonad3 | 12 | |J e [0 (22 | |5
[Te)
eIpaN Bunuid Jaded Pl NI IO - 3 R - B I eIpaIN Bunuiig Jaded T IS O B I I i o e
spnpoid [BIBN |~ |[F 1w 19 S 181813 |3 SPNPOIHIEBN |5 |Gl w [ e o 21213 |3
S[eatu_yd J|Y9 |o|c|w|o|R |2 |5 |4 S[ealwsyd ~n|lo|lo|Ss|lo|lo|B |8 <&
© |~ 2 o
Buuisauibuz eateyosN | g |2 (9 |9 |12 | (8 (8 (33 Buussuibuz oty |5 15 | |4 |G |o |5 (5 (5|3
=< ™ (o <
uawdinb3 Wodsuel L AN ¢ @ [~ (= (D (o198 s o wawdinbg Wodsuel L AN |2 (S (L (S (D la il S|
=)} ™ al® - |o < o | =
009BQOL MUHA P00 |2 | | |5 [0 |0 |2 (] | |2 00%BQOLUHA POOS | 5 |5 | |ai o |0 |8 |& | |3
c |3 <2} |3 %)
Anoqej = 8 m 5} w Anogen = 8 m <5} w
. S| BlElR|es|x|2]|3|E . S| (BlEIR|es|x|2|8 |E
pals ndino bumwil | g | (€ (£ |E |E |E |8 |< |2 Jaypo andino bunwi |2 (g |g |E |E |E |E |8 [ |2

35



© — [Te) < ©
SOIWBIRDSSBID 1 D |R R[S |o |3 |3 | SOIWBIBD SSBID | (5 |5 |t |5 | |0 |[B ] | |
ol |wl|ls|F NN ~ |0 ™ - |2
snpoid 1egany |2 | ] |8 |1 |3 |o |X |7 (Y[ snpoid Jeaand |5 |2 o |3 o |o |8 (8|7 R
- bl < |9 NN o |« - | <
s1NpoId UBPOOM JBquIL |6 |S |91 |= (D (o |3 (9 |2 | spnpoid uspoo equitl (S 1S |, (2 (Tl lag iz |2 S
B e 22 0 B o [ ] ™ |~
stetiieN Buiping |5 |9 |3 |3 |3 (o (R R (D |« steusRN Buiping | % 13 o | (o |0 (B[R (3 |3
(V] [Te) M~ © - © N < © [32) <
Agspoydnainuing | (g (2 I (S (o |2 e (2|8 Agsjoydnainuing | 13 (0 12 oo Q121218
Buiyio|d sanxe L % * % H N oo |22 BuipolD sanxaL | Y |2 o © | o
. - dlN|jala|d|lo|lo|o|c | : : W o |t | |ow|lola|a|[a ]|
™~ 7o)
. o o~ 4 [ee) N~ [Tp) [9V] [o0]
PumoeinueN BP0 | | o (Y 1S9 (2 1o 21312 |0 BumoeinueN YO0 |2 |15 | |2 | o |13 (DB
@ |© (1 |1y |© o~ o < < o | o
SIMIBNUBN BN |1 |Z (Y |5 YN o R R |4 (o BIMIBINBN BN | 5 |15 | i [ | || | & |
SPOOO BOMIRIT | S 1D v (R |8 |o |88 |a|m SPOOD [BOMIBIT |23 15 | |5 |0 o[22 | | D
N |0 o o ™ |~ ~ - | <
SINPOIdONSEId |5 | 13 (8 1S |o (B (83 |o SPNPOIdINSEId | 5 |5 | (i | |0 [N [N & |©
[30)
i [ee] < © (o) (2] Te) o
Bunsauibug ool |5 1% (o4 |2 IF o8 1313 Bunsauibuz owonR |2 12 |, 1Z 1% o |82 |2
H d Plo (213 |« o = b d © © o |3
Bipa Bunuiid soded | & |2 o | 1 |5 |88 (S| BIpOW Bunuid soded |, 12 | S |0 |o |8 (8|9 |
snpoid [N | |3 |9 |9 |8 o |5 (% |23 SNPOIG [N |3 |5 | |00 | S |0 |22 |3 |«
A B < | <@ © | < < o |o
SPAIWRYD 1% |9 Q| (% o |5 |G |s |9 SPAIUBYD | 5 15 | i |0 |0 |88 | |
Bunsauibug [eolUueyosN | & [ S (N [N |2 o (2 |2 |3 | Bunesuibug feotueydsN | &4 12 |, (2|92 |0 [T (2|3 |9
PO I B I o | © | o 0 | o |o
awdinb3 HodsueIL AN [~ @ (@ v [d o (9 (9 (2 s wawdinbg podsuel L AN |2 |2 | (2|2 (o |9 12|22
N0 [ | o |~ < - o | T
oodeqoL A Pood | | (R |2 |d |« (28 (3 (S 000BAOL YUIAPOOT | F | o | & |00 [o [® |8 [E |9
=] =}
Aoeded s 2 ® 2 aoueuly s 2 ® 2
S|_BIER|e|x|2|8 |E S|_IE|E|=|c|x|2]|3 |E
weld andino bumwi |2 g |€ |E € |E |E |8 | |2 Joypaig andino bumwin | € |5 € |E |E |E |E |8 |& |2

36



< (w0 |w @ wn - |~
SAUBIBDSSBID | 8 1 |5 (& [ | (83 |c |7
(o]
™ [o0] ™ < 1
SOIUWRIBDSSBID | 5 | 5 |0 |6 |o |o |[R | |& | D o |« SRS ~ |
sonpoid 1eqany | ¢ 12 12 |9 (8 o |8 (R[S |
(2] o) [oe]
sinpoid 1egany | 212 |6 |8 o o |8 (8 |~ |3 o |u i |a | R
s1npoid uspooM BquilL (& = |8 (8 (S |o |8 18 |3 |
i
™ 5 < (2] < (V]
spnpoid uspoo BBquiL (2 1S |4 IS 12 1ol g IS |
© | (1 |© | ~
seusRN BupIng 1§ 1% | Y |9 (R |0 (8|8 o |~
™
~ mn ~ o A
sferaleN Buipiing |15 12 1o |5 (o |o |88 2R
@ | (1 |© |©
Aysjoydnainuing | & |6 (@ |8 (8 |5 @ @ |2 (o
™ [o0] ™ < Te]
Aysjoydnainpuing |2 121 120 o |w g |39
9. @ (<))
Bulgolosexel |3 [N g 1S |12 122 |y |Y |
@ < M~ <t [o0] - T
Buporposemxel |3 13 |6 |5 (3 o |8 |82 | o
B P Bt = < ~ | ©
1 uLnjoejnueiN I8yl (@ |4 | | ® Lo |~ |+ . )
BunmoenueN 18UI0 [ (X (o [N o lo 181813 |3 |9 |@ & R |G| |o|c |4
o ™~ e © [
amogynueN 1N |3 12 |, (213 o (g |g || SIMOBINBN BN 1 8 1] |5 |8 |S |3 |8 [R |2 |
w© | 0 | < o | N O « o |9 |w
spooo LRI |5 | & (2|2 S |0 [8(8(2 ]9 spoop [L3IT | g | € (8 |5 (R |o |88 (8o
o~ © | < Y il B T <
SINPOIMONSEId |y (S | |5 [w |0 |8 |~ | spnpoidanseld | |9 (8 (8 (3 o (8|S |
< ™
Bupeauibuz owonoal3 | |2 19 |2 X (o |2 |2 (3|3 Buuseulbug o1uonoa|3 | = | N | | | S 0 | © @
: ouzduondeg |» o 18|18 |3 e |88 o |
eIpaIN BunuLd Jaded | < |« w0 o |lo T @ 0 |, © | ~ o
M |6 || |d]|o N | |« |© eIpaN Bunuid Jaded 2|l |2 |2|elg |z |ls Y
sonpoid 1N |3 |5 |3 (3 |5 |0 |2 |8 |35 -~ o< o
5 |0 9 5 — :
SPNPOH BN |8 |5 B (8|S (2 (8|3 s |<
©
™ S — (o] — [o0]
SEAWBYD | 5 1S |6 |© | |o |88 || ~ | ey @ |« o |~
SPOWBYD |3 18 |15 |F|S|YN|IR|8 ||
~ — @ (o] (V] (o]
Bunsauibuz [eolteyossN | (2 |0 12 12 1o g (D |2 - o s
Bunsauibug feotueydN | (I |3 (S (S |le (S 18 1Y |2
™ (o] n ©
|2 |s e e <
uawdinb3 Yodsuel L AN | [ |2 | o o (g |4 |3
— [ < @ = |0
wawdinb3 Wodsuel L AN |2 [~ (2 (2 (2 |l (g lo |o
© < [ee] < (2]
000BqOLAUNA PO | | X | | & | o |5 |5 | |3
© | < © | o
= . 000eQOLMUMAPO0] | ¥ 18 18 (8 |2 |5 (8|8 |o |
sjusuodwiod S |2 ‘B
and 6 m g m ERERE ambv g |E su.anjaa Jau ayenbapeu s |2 2
Jo sperrdyey ndino Bumwi | € |5 (2 | |E |E | |8 |¥ |2 peul < g m - <lal= 8
. = L =
‘usunseaul Bumwi | € |5 (€ |E |E |E |E |8 |X |2

37



N e o 0
souwre) sselo | |9 |8 (Y |5 o (8|85 |9 SAIWRRDSSID | S 1 |6 [N @ |0 |88 |« |o
SPNPOId IBQANY | |1 |9 |8 | o |o |SR3| S SPNPOI I8N | 5 15 |6 | o |o |5 |5 |« |=

— w0 | ® ~ ©

s1Npoid UspooM BqulL [< |5 (s |8 (22 (e (2 |2 | s1npoid uspooM BquIL (2 | o 14 (S (2 1o IS 1518 |0
© 0 o @ ~
seLaleN buiping |5 1 12 | (R (o [R (28] SeHaten Buiping |, 13 1 (9|3 (o &R |D S
© | (1 || < ®
Agspoydnainuing | (s S |d (S o |81312 |0 Aasjoydnainuing |3 12 [, IS (T (o222 15
B A © s < o o B < | ~ [To)
UIYIOID SIXeL | & |2 R |9 R |o |F|F S | UROIDSBINXAL | 5 |G | < [F |o |o [ |8 |5 |«
© n [ =
Buumoeinue 18O | |2 (= |5 [T (s e la s |s BuumoegnueN o0 |2 |F |4 (2 1T o (212192
o 0 [ | ~ © | ©
IMABINUEN BN |} |2 |9 |€ |8 | [R[R |3 | IMPBINUEN BN | S |5 [« (X o |0 |3 (8|S ]S
« N 2|9 |m | ™~ ® oo |pn [Y
spoop 03I | | (2 | (2 |o (88T |8 sp00D [ROUIRIT |, 19 | |8 [ |0 |E |8 2|3
snpoidonseld |2 |2 |5 |2 (S |« (8|8 |3 | swnpoidonseld |2 113 |, (3|3 (o |9 (9|8 |5
Bupsaulbuz owonoel | = (2 (2 |3 (2 o x5 | | Bunsauibug oluondx |2 12 | 12| lo g g le 8
«© @ —
eipa Bunutid ded |2 |, 2 |2 | |0 |8 |8 |3 |9 eipa Buud eded |2 12 1, 13 |3 |o [ [& [T (3

> ™~ < Te] [o0) < © (32)

SNpOId BN 1%, | |22 (3 |« (98533 spold [N |, |3 | < | S o |0 |32 |- |3

SEAWRYD |y Y (S |1Y¥ | |S8|8 3| SAIWBYD | 5 |G | |[< |w |o |8 |3 |« |

@ © b (o) [o0) < [o0) N ™ To] o)

Bunsaulbuz eotueydsN | = (2 |3 (= (2|, (2182 |3 Bunsaulbuz eatueydiN | S [ |, 1212 o IS 1S | |2
dinb d pol e N N~ dinb d < | © n | ™

JUSWAINDT WOCSUBIL BAN |2 |8 | & |8 |5 w0 |B |8 |S |o WBWAINDI HOGSUBIL BAN | 3 |2 [ i | |0 |8 B |« |

000eQOL MUMAPOOS |5 1Y |9 |19 | 5 |« (B |8 |5 | S 00%BQOLHUMA PO | 5 | |« |« [~ |0 |8 (|8 | |6

o° 17,) o %)

soueuly | _ S m o 'S soueuy | _ S m o ‘D

Sl IBlERIe|z|2I8 |5 SoIBIERB|e|z|2|E|E

[eusayu] usunsaaul bumwi |2 (g (€ IS |E |E |E |8 |¥ |2 [eusa)x3 usuwnsanul bupiwil (€ |g |2 |E [E |E |E |8 |¥ |3

38



sanpoig oy | % |3 o |2 o |0 |3 |5 |3 |5 snpoid 190Uy | 3 | & (8 |3 & |w |3 |8 |5 |-
spnpoid uspoo squil (R 12 (4 |2 12 a2 12 |4 15 S10Np0.d USPOOAA Jaquil L m _M/. m m oMo_ 3 m o |y %
steuae Buping |2 | [ |3 o o |3 (2|2 |2 sieustew Buping | 2 |8 |5 [ |8 |2 |8 |2 |3 |5
Kiaspoydnaimmuing |22 (2|0 15 (o lo |2l la |2 Kiaysjoydn aanquing m m m m 25|18 lagls |3
buipord saxeL |2 |8 |4 (2 o |0 |R (R 3|8 buor sl |2 | g |8 (S (8 (8|8 |5 |3
BumoeinueN 18P0 |2 1S |, 12 | o (21215 (2 Burinoeynue 18YIO m m M W m Sigle g m.
amognuie N BN |2 (2 (L (219 o lg g |2 m ainmoenuey [eIN | m m m m -l2ls m. H..

spoog el |3 (2 | (2 o |o |3 (3|3 |3 spoog leownaeld | 3 |2 |8 |3 |2 |0 |8 |88 |2
spnpoidanseld | 3| & (S |& |o (219 |F m S1oNpoid onseld | g m 3 m il ST R gl M
Bunsaulbuz ool |2 12 (L IS 1 o le g |8 |2 Burissuibuz o1u039913 m m © m m Yylzlele|s
eIpaN Bunuldsded 1S 12 |, (3 (3 (o (R |28 (2 BIPSIN Bunund Jeded m m 3 m m 2|88 |3 M
SNPoId BN | | X | |3 S |0 |G |9 (5|3 sonpoid leen (2 (S (g (8 (3 (g |3 |2 |3 [3
stewed 3 [, o |32 o (e |e ]S |2 soweld |3 |2 |§ |9 (8 (2|8 (e |33
Bunsaulbuz eatueyssN | S (2 | 12 12 o 212 |5 | < Burieauibu3 [ealueydsN m m © m m nlg|e % 3
juswdinb3 wodsuel] AN ol214lS 1% ol |g " wsawdinb3 podsuel] AN m m g m m g le|lg |2 |-
conegoL g pood |, % |0 30 o |2 |2 |2 |2 coneqor wuuapoos |3 32382 = |33 |8
soueuly | _ & m o 2 puewsap Alurerisoun S m o 2

] T |E |8 [ X |2 n_W.v ..m m T e T8 [ |X |2 n_W.v ..m

401800 uawnseAul bumiw (2 |5 [ [ |E |E |8 |8 |¥ |2 uswnseAul bumwi | € |z | |E |E |E |E |8 |¥ |3

39



5 - g
g o =1 'S o g =) > '§
oe £ [E|E |2 |8 |£ |2 |& |5 |2 |8 |2 |2 | |3 |2 |8
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s g = o < £ = 5 =] = = I b} = = k=l o 2 a
E s |8 2 g8 | 2 3 S |2 |8 |3 T | s % S |5 |E |8 |3
J 5 L = = O = a w o w = o [ T m [= (04 O
mean 8.4 5.7 11.7 | 104 |97 35 9.2 7.8 103 | 45 8.5 8.1 7.7 49 9.7 9.7 3.9
sd 101 | 88 105 | 141 |66 42 74 8.3 174 | 6.4 8.6 6.1 9.3 11 8.6 131 | 75
median 35 2 9 25 8 2 7 5 4 25 6 7 3 1 9 5 0
trimmed | 65 3.8 9.7 7.4 8.8 2.7 7.9 6.2 6.5 3.1 7 7.4 6.3 2.1 9 7.1 2.1
mad 5.2 3 5.9 3.7 44 3 44 4.4 5.9 2.2 44 5.9 44 15 133 |59 0
min 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0
max 35 60 60 61 29 23 42 44 100 | 45 50 27 31 70 33 72 46
range 35 60 59 61 29 23 41 44 100 | 45 50 27 31 70 33 72 46
skew 1.3 3.3 2.3 1.6 1.1 2 1.8 2.1 3.2 3.4 2 0.9 0.9 3.8 0.5 2.1 2.9
kurtosis | 0.5 143 | 6.1 1.6 0.5 4.6 3.6 5.2 127 | 156 |51 0.1 05 |166 |-08 |51 10.3

TABLE B.PLMS PLM1 PLM2 PLM3

1993Q4- 1993Q4- 1993Q4-
2018Q3 2018Q3 2018Q3

PRODUCTIVITY_PAST3 L(1) NO 0.34 (***) 0.34(***)

DPOST -11.98(***) | -7.60(***) -6.85(**)

INVE_BUILDINGS L(4) 0.002 0.007 NO

INVE_PLANT_MACHINERY L(4) 0.031 0.009 NO

INVE_TRAINING L(3) -0.08(*) -0.04 -0.05(.)

INVE_PRODUCT L(4) -0.03 -0.033 NO

LO ORDERS SALES L(1) -0.05 0.001 NO

LO SKILLED LABOUR L(1) -0.21 (*) -0.20(*) -0.22(*)

LO OTHER_LABOUR L(1) 0.55(**) 0.43(*) 0.43(*)

LO_PLANT_CAPACITY L(1) 0.20 (*) 0.12(*) 0.11(**)

LO_CREDIT_FINANCE L(2) 0.16 0.15 NO

LO_MATERIALS _COMPONENTS L(1) 0.12 0.07 NO

LI_INADEQUATE_NET_RETURN L(1) -0.06 -0.06 NO

LI_INTERNAL_FINANCE L(2) -0.01 -0.008 NO
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LI_EXTERNAL_FINANCE L(1) 0.02 0.05 NO
LI_COST_FINANCE L(1) -0.05 -0.1 NO
LI_UNCERTAINTY_DEMAND L(1) 0.05 (.) 0.04(.) NO
LI_LABOUR_SHORTAGE L(1) -0.14 (%) -0.06 NO
Sector intercepts
Building Materials 9.5 3.88 2.86
Chemicals 22.6(**) 12.68 11.7 (**%)
Electrical goods 43 (***) 25.84 (***) | 26.3 (***)
Electronic engineering 18.5 (%) 10.13 10.7 (**%*)
Food, drink & tobacco 29.6(**) 17.0 15.3 (***)
Furniture and upholstery 20.9 10.8(*) 12.3 (***)
Glass and ceramics 2.8 -0.3 0.3
Mechanical engineering 13.1() 6.88 7.2 (%)
Metal manufacture 6.2 1.5 0.7
Metal products 15.1 () 7.8 7.7 (%)
Motor vehicles & other transport equipment 16 (*) 9.8 8.93 (**)
Other manufacturing 159 (*) 8.0 7.42 (%)
Paper, printing and recorded media 18.2(*) 9.3 8.87 (**)
Plastic products 12.6 59 6.18 (.)
Rubber products 16 (*) 8.2 8.24 (*)
Textiles and clothing 6 1.58 2.47
Timber & Wooden products 11 4.65 5.97(.)
Model statistics
RZ, 6.7% 17.1% 17.3%
N 1632 1632 1649
n 17 17 17
T 96 96 96
Degrees of freedom 1598 1597 1626
F-statistic 6.8(***) 18 (***) 56 (***)
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DYNM 1 DYNM 2
Table B.DYN 1993Q4- 1993Q4-
2018Q3 2018Q3
PRODUCTIVITY_PAST3 L(1) 0.34 (***) | 0.30 (***)
INVE_BUILDINGS L(4)
INVE_PLANT_MACHINERY L(4)
INVE_TRAINING L(3) -0.06 (*) -0.06 (.)
INVE_PRODUCT L(4)
LO_ORDERS_SALES L(1)
LO SKILLED LABOUR L(1) 2021 (**) | -0.17 (*%)
LO OTHER_LABOUR L(2) 0.43 (**) 0.38 (**)
LO_PLANT_CAPACITY L(1) 0.12 (*) 0.09 (.)
LO_CREDIT_FINANCE L(2)
LO _MATERIALS COMPONENTS L(1)
LI_INADEQUATE_NET_RETURN L(1) -0.06 -0.07 ()
LI_INTERNAL_FINANCE L(2)
LI_EXTERNAL_FINANCE L(1)
LI_COST_FINANCE L(1)
LI_UNCERTAINTY_DEMAND L(1)
LI_LABOUR_SHORTAGE L(1)
Sector effects

Total Manufacturing 12.7 (***) 13.85
Building Materials -4.45 -4.65
Chemicals 0.49 3.39
Electrical goods -7.98 () -5.05
Electronic engineering -9.93 (*) -24.11 (***)
Food, drink & tobacco -6.97 () -8.33
Furniture and upholstery -0.92 -1.5
Glass and ceramics -4.86 -7.48
Mechanical engineering 15.81(***) | 20.36 (***)
Metal manufacture -2.35 -3.65
Metal products 5.96 6.88
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Motor vehicles & other transport equipment 1.88 3.81
Other manufacturing -0.14 -3.71
Paper, printing and recorded media 1.19 1.70
Plastic products -3.26 -3.65
Rubber products -7.9 () -10.35 ()
Textiles and clothing -2.52 -0.79
Timber & Wooden products -2.02 8.04
Sector-Crisis effects
Total Manufacturing -7.25 (**%) -7.94
Building Materials 0.24
Chemicals -7.60
Electrical goods -6.31
Electronic engineering 31.6 (***)
Food, drink & tobacco 3.14
Furniture and upholstery 1.52
Glass and ceramics 5.07
Mechanical engineering -9.00
Metal manufacture 1.94
Metal products 0.46
Motor vehicles & other transport equipment -3.41
Other manufacturing 7.84
Paper, printing and recorded media -2.41
Plastic products -1.00
Rubber products 3.89
Textiles and clothing -4.29
Timber & Wooden products -22.6 (***)
RZ4 22% 24%
N 1728 1728
n 18 18
T 96 96
Degrees of freedom 1703 1686
ANOVA DYNM1 vs DYNM2 - (***)
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Table B.2: Descriptive statistics by Sector PRE-DURING-POST 2008

Mean Median Standard Deviation

Sectors PRE | DURING POST PRE | DURING POST PRE DURING POST
Total Manufacturing 156 | L | 06 | T | 204|145 | | 50 | | 1.0 10.4 l 10.0 l 9.63
Building Materials 06 | L | 46 | T |os1|1200]| 4 | 10| 1| 20 16.7 l 133 T 18.0
Chemicals 193 | L | 10 | L |-678] 180 | 9 L] 80 19.2 l 12.3 T 213
Electrical goods 856 | | | 228 | T |-101]| 135 | 1 |-250]| 1 | -100 319 l 135 T 49.1
Electronic engineering | -153 | L | 234 | T [ 197 | 150 | T | 40 | T | 190 26.9 T 46.3 l 285
Food, drink & tobacco | 344 | | | -142 | T | 089 | 25 L |260| T | -30 315 T 44.6 T 44.7
Furniture and upholstery | 135 | 4 | 82 | T | 435 | 145 | | | 80 | T 5.0 163 l 7.01 T 16.6
Glass and ceramics 91 | L | 66 | T | 351|350 | | |10 | T 5.0 44.9 l 8.20 T 479
Mechanical engineering | 440 | | | 166 | T | 186 | 415 | | | 180 | ! | 160 34.0 l 316 T 36.3
Metal manufacture 896 | L | 04 | T [013 | 95 L] 80| T 0 15.2 l 12.7 T 13.8
Metal products 269 | L | 92 | T | 159 | 250 | | 50 | T | 120 235 l 14.8 T 225
'\::;:Z;j:j;;i‘nj::ir 237 | L | 1582 |1 |-019]260] | |160] ] 3.0 23.6 l 18.6 T 25.2
Other manufacturing 915 | L | 04 | T | 78 |15 ] 1 |10 | 40 345 l 20.4 l 28.6
Pizec:rzre::l%:d 166 | 4 | -84 | T | 456 | 95 l 0 T 3.0 37.9 T 475 l 40.6
Plastic products 8o | L | 18 | L |-735| 80 L | 70| T | 60 15.9 l 15.4 T 23.7
Rubber products 008 | L | .16 | 1 | 578 30 l 0 L] 20 25.0 l 10.0 T 24.9
Textiles and clothing 136 | L | 90| T |-351] 140 | | a0 | T | 70 17.1 T 18.6 T 229
Timbs:oi‘u\:::c’den 286 | L | 92 | ! |-193]280]| | | 10| 1 | -200 36.2 T 37.0 T 54.0

TABLE B.3: Effect of Labour shortages on productivity growth by sector

LO_SKILLED_LABOUR

LO_OTHER_LABOUR | LI_LABOUR_SHORTAGE

Total Manufacturing

Building Materials -0.34

Chemicals 0.9 ()
Electrical goods 0.53 -1.33 ()
Electronic engineering

Food, drink & tobacco -1.34 (%)
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Furniture and upholstery 1.34 (%) 0.65
Glass and ceramics
Mechanical engineering 1.28 (*)
Metal manufacture -0.58 (*)
Metal products
Motor vehicles & other transport
equipment 054
Other manufacturing -0.45 (.)
Paper, printing and recorded media 1.32
Plastic products -0.51 (**)
Rubber products -0.82 ()
Textiles and clothing 2.13 (**)
Timber & Wooden products 1.15 (**)
TABLE B.4: Sector-level Average Investment Developments of 2008 Financial Crisis
Investment in Buildings PRE DURING POST PREvsSPOST
Total Manufacturing -19.9 -42 -12.8 7.1
Building Materials -16.2 -66.6 -15.1 1.1
Chemicals -14.8 -38.4 -12.8 2
Electrical goods -23.9 -61.8 -21 2.9
Electronic engineering -21.8 -21.8 -3 18.8
Food, drink & tobacco -23.4 -75.2 -3.6 19.8
Furniture and upholstery -21.3 -49.8 -18 3.3
Glass and ceramics -15 -51.8 -22.8 _
Mechanical engineering -22.8 -35.2 -13.8 9
Metal manufacture -18.9 -47.6 -10.7 8.2
Metal products -19 -37.2 -9.6 9.4
Motor vehicles & other
_ -15.7 -52 -8.6 7.1
transport equipment
Other manufacturing -26.2 -13.8 -22.9 )
Paper, printing and recorded
edia -22.5 -66.6 -11.2 11.3
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Plastic products -20.5 -37 -8 12.5
Rubber products -20.8 -38.8 1.7 22.5
Textiles and clothing -21.6 -60.4 -17.1 4.5
Timber & Wooden products -21.5 -46 -6.9 14.6
Investment in Plants &
Machinery PRE DURING POST PREvsPOST
Total Manufacturing -7.4 -39.8 0.8 8.2
Building Materials -5 -58 -5.4 -0.4
Chemicals -4.8 -32 0.4 5.2
Electrical goods -6.1 -60.4 -13.4 _
Electronic engineering -6.7 -22.4 14.3 21
Food, drink & tobacco -10.7 -61 12.2 22.9
Furniture and upholstery -9.8 -50 -12.4
Glass and ceramics -4.7 -57 -16 -
Mechanical engineering -10.1 -15.2 24 12.5
Metal manufacture -5.4 -51.8 -2.1 )
Metal products -6.9 -31.6 10.4 17.3
Motor vehicles & other
_ 2.4 -52.4 12 9.6
transport equipment
Other manufacturing -12.3 -9.8 -1.9 10.4
Paper, printing and recorded
edia -11.4 -62 -5.1 6.3
Plastic products -8.6 -38.6 -2.1 6.5
Rubber products -14.5 -46.4 4.5 19
Textiles and clothing -10.6 -53.4 -1.8 8.8
Timber & Wooden products -10.4 -32.8 18.4 28.8
Investment in Training PRE DURING POST PREvsSPOST
Total Manufacturing 13.7 -12 16.1 2.4
Building Materials 10.1 -22.4 9.7 -0.4
Chemicals 16 -14.8 17.7 1.7
Electrical goods 14.8 -33.2 6.6 _
Electronic engineering 14.2 -14 15.8 1.6
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Food, drink & tobacco 20.8 -29.4 7.8
Furniture and upholstery 15.9 -17.8 7.3
Glass and ceramics 18.8 -11.2 -9.5
Mechanical engineering 10.6 -5.6 145
Metal manufacture 16.8 -20 15.6
Metal products 12.9 -2.6 21.2
Motor vehicles & other
) 22.8 2.2 28.8
transport equipment
Other manufacturing 1.6 -5.2 15.6
Paper, printing and recorded
edia 18.5 -43.6 12.4
Plastic products 14.7 -10 18.5 3.8
Rubber products 8.3 -9.4 13.6 -5.3
Textiles and clothing 15.1 -24.8 10.1
Timber & Wooden products 11 -21.6 19.9 8.9
Investment in Product PRE DURING POST PREvsSPOST
Total Manufacturing 10.4 -14 18.8 8.4
Building Materials 7.4 -18.8 9.8 2.4
Chemicals 18.1 -14.6 24.4 6.3
Electrical goods 3 -34 -6.9
Electronic engineering 13 1.2 24.2 11.2
Food, drink & tobacco 16.4 -32.8 24.1 7.7
Furniture and upholstery 6.9 -19.4 1.4
Glass and ceramics 1.5 -30.4 -11.6
Mechanical engineering 13.5 -5.6 21.3
Metal manufacture 12 -24.4 12.1 0.1
Metal products 12.2 -20 28.4 16.2
Motor vehicles & other
_ 21.8 7.8 39.1 17.3
transport equipment
Other manufacturing 0.6 11.2 22.9 22.3
Paper, printing and recorded
edia 11 -42.6 20.8 9.8




Plastic products 10.4 -21.2 13.3 2.9
Rubber products 2.9 -19.2 9.9 7
Textiles and clothing 8.4 -25 19.5 11.1
Timber & Wooden products 3.6 -19.4 21.7 24.1
TABLE B.5: Sector-level Median Investment Developments of 2008 Financial Crisis
Investment in Buildings PRE DURING POST
Total Manufacturing -21 -43 -14
Building Materials -12 -70 -13
Chemicals -16.5 -50 -18
Electrical goods -18.5 -73 -20
Electronic engineering -24.5 -18 -4
Food, drink & tobacco -19.5 -90 -8
Furniture and upholstery -18.5 -55 -11
Glass and ceramics -16 -42 -21
Mechanical engineering -22 -43 -11
Metal manufacture -20.5 -53 -10
Metal products -14.5 -40 -11
Motor vehicles & other transport
_ -18 -51 -7
equipment
Other manufacturing -29 -21 -28
Paper, printing and recorded media -24 -71 -9
Plastic products -22.5 -36 -12
Rubber products -20 -49 2
Textiles and clothing -22 -62 -14
Timber & Wooden products -13.5 -52 -11
Investment in Plants & Machinery PRE DURING POST
Total Manufacturing -10.5 -38 1
Building Materials -4.5 -52 -5
Chemicals -6.5 -33 3
Electrical goods -6 -67 -11
Electronic engineering -8 -28 20
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Food, drink & tobacco -13 -61 14
Furniture and upholstery -9.5 -50 -11
Glass and ceramics -5.5 -47 -22
Mechanical engineering -11.5 -14 1
Metal manufacture -8.5 -52 -2
Metal products -7 -41 14
Motor vehicles & other transport
) 4.5 -60 16
equipment
Other manufacturing -13.5 -8 -6
Paper, printing and recorded media -13 -69 -9
Plastic products -7.5 -31 0
Rubber products -14.5 -43 7
Textiles and clothing -15 -53 2
Timber & Wooden products -4 -44 22
Investment in Training PRE DURING POST
Total Manufacturing 115 -11 18
Building Materials 7 -23 9
Chemicals 14.5 -10 15
Electrical goods 12 -42 2
Electronic engineering 10 -9 10
Food, drink & tobacco 215 -29 5
Furniture and upholstery 18 -22 11
Glass and ceramics 21 -2 -8
Mechanical engineering 6.5 -4 14
Metal manufacture 16 -22 16
Metal products 13 1 21
Motor vehicles & other transport
) 225 10 25
equipment
Other manufacturing -0.5 -19 21
Paper, printing and recorded media 22.5 -41 13
Plastic products 14 -12 19
Rubber products 6.5 -18 16
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Textiles and clothing 135 -25 11
Timber & Wooden products 8 -20 27
Investment in Product PRE DURING POST
Total Manufacturing 10 -12 20
Building Materials 4.5 -26 10
Chemicals 17 -14 22
Electrical goods 6 -37 -6
Electronic engineering 13.5 0 28
Food, drink & tobacco 20 -24 29
Furniture and upholstery 8 -13 3
Glass and ceramics 0.5 -32 -10
Mechanical engineering 9.5 -9 24
Metal manufacture 10.5 -27 12
Metal products 10 -18 29
Motor vehicles & other transport
) 21.5 27 45
equipment
Other manufacturing 1 6 20
Paper, printing and recorded media 14 -41 22
Plastic products 7 -26 16
Rubber products 4 -25 14
Textiles and clothing 9.5 -37 19
Timber & Wooden products 35 -10 30
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