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The dependencies of  
subindexes of Stoxx 600  
during the Covid-19 pandemic

1.	 Introduction

The Covid-19 outbreak has been the source of a huge rise in volatility, which 
has been reflected in financial market turbulence. The values of the distribution 
of asset returns have increased, intailing a growing risk to financial markets. In 
addition, the extreme values occur almost simultaneously across asset classes and 
countries. The rising correlations diminish the positive effects of diversification 
and finally make financial markets over the world systemically less stable.

A knowledge of the return distribution and risk profiles of stock prices sup-
ports channels for profit optimization. Detecting informational inefficiency on 
financial markets is an important research direction from the point of view of 
profit maximalization. Stock indexes and subindexes represent an entire stock 
exchange and particular sectors are used frequently to test for market efficiency. 

Most studies on the relationship between indexes use indexes across coun-
tries. However, dependencies between subindexes across countries and subindexes 
and indexes are not frequent topics in the financial literature. 

The analysis of the behavior and interrelations between subindexes during the 
pandemic period will be useful in determining changes in the roles of the major 
sectors and subsectors of the economy during a time of crisis. This knowledge 
may be interesting for both individual and institutional investors and may also be 
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useful with respect to the potential diversification of their internationally based 
portfolios as an investment. The lack of a correlation, or only a small correlation, 
between these subindexes is a  very desired property. The consequence is risk 
reduction arising from portfolio diversification based on these indexed assets. 

This empirical study has three aims. Firstly, it aims to find the similarities and 
dissimilarities in the behavior of subindexes around the beginning of the Covid-19 
pandemic. The next topic is the level of dependencies between the subindexes in 
the time period under consideration. The third aim is to determine the usefulness 
of the DCoVar and MES methodology in this research.

In the next section we provide an overview of selected studies on dependences 
between subindexes. We use the methodology DCoVar, MES and DCC-copulas 
to assess the relationships between the stock indexes and subindexes under 
investigation.

2.	 Literature review

The first papers about the dependence between stock market indexes were 
published in the 1980’s (Higgins, 1988). The authors established whether inter-
relations are an important source important with respect to forecasting the future 
level of both stock prices and economic growth of countries. They tried to con-
vince readers that the lack of a weak form of market efficiency is induced by the 
high level of correlation between the main sector indexes (Arbelaez et al., 2001). 
Investigations into this problem were begun by Just in 1996 (compare Ratner, 
1996). In order to establish the market efficiency of the Madrid Stock Exchange, 
the author applied nine major indexes from this stock exchange. He detected 
that the distribution of index returns was non-normal and did not support the 
random walk hypothesis. In the study by H. Arbeláez et al. (2001), mentioned 
above, the short-term and long-term interrelations between some stock indexes 
of the Medellin Stock Exchange (now the Colombia Stock Exchange) are shown. 
In their comprehensive study, the authors employed a number of procedures and 
tests of stationarity, including causality, cointegration, impulse response function 
and variance decomposition and a VEC model based on daily prices over 7 years. 
They confirmed the existence of a significant interrelation between these indexes.

In the first years of the twenty-first century, some papers on the Athens Stock 
Exchange (ASE) were published. In their studies M.G. Kavussanos and E. Dockery 
(2001) came to the conclusion that the Athens Stock Exchange is not efficient in 
a semi-strong sense. 

G.D. Siourounis (2002) used GARCH type models and applied them to the 
data from the ASE Market. The returns were correlated and their volatility showed 
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autocorrelation. According to Siourinis, the ASE is not weakly efficient. Niarchos 
and Alexakis (2003) also detected particular price patterns. Due to these patterns, 
investors can achieve abnormal returns so the ASE is inefficient. Panagiotidis (2005) 
detected that after the introduction of the Euro the random walk hypothesis was 
not valid for three different FTSE/ASE indexes.

In a  study by T. Patra and S.S. Poshakwale (2008) the subject of research 
was six sectors of the Athens Stock Exchange: Banking, Industrial, Construction, 
Insurance, Investment and Holding. These sectors constitute more than 63% of 
the ASE capitalization. The authors found that the sector indexes are not strongly 
interrelated in the long term. They found that in the short term the banking 
sector impacted on the returns and volatility of other sectors. The source of the 
variance of the returns for most subindexes is their own innovations. The most 
important banking sector contributed 25% of variance in the construction sector 
and the insurance sector was responsible for 15% of the variance in the indus-
trial, investment and holding sectors. So, the predominant role was played by the 
banking sector. Therefore, one can assume that the banking sector may allow at 
least a short-term prediction of changes in the other sector indexes. The general 
conclusion is that the ASE did not fulfill the assumptions deriving from the weak 
efficiency of the market. 

The transfer of information between stock markets and regions has also 
become a popular topic in contributions by many well-known scholars outside 
Europe and North America. These contributions have also focused on the econo-
mies of South Asia and Latin America.

After the global crises of 2008, the imbalances in the global financial and 
economic system, including emerging markets in different parts of the world, 
became clear. Besides South Asia and Latin America investors have paid attention 
to the particular markets of the Middle East and North Africa (Lagoarde-Segot, 
Lucey, 2008). They are characterized by relatively high returns and volatility, 
weak interrelations with the largest world markets, and volatility clustering. One 
of the main aims of T. Lagoarde-Segot and B. Lucey’s paper was to detect the 
level of correlation and the channels of information flow across sectors in these 
regions. The authors tried to assess the relative importance of the sectors under 
consideration in their explanation of the variations in returns in these sectors. 
The second task was to determine information channels across sectors within 
a stock market (Wang et al., 2005).

In the new situation that has arisen following the outbreak of the Covid-19 
pandemic in 2020 and the introduction of many sanitary restrictions in some 
sectors, the interrelations between indexes and subindexes on an international 
level are of even greater interest, particularly for policy makers. In our analysis of 
the linkages between the subindexes of Stoxx Europe 600 index, a methodology 
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known as DCoVar is used. This measure of systemic risk was developed by 
T. Adrian and M.K. Brunnermeier (2011) in order to identify or rank systemically 
important financial institutions. A recent contribution based on this measure is 
by M.L. Bianchi and A.M. Sorrentino (2020), who estimate systemic risk for Italian 
and main European banks. For this purpose, the authors employed the quantile 
regression and a non-parametric method. G. Girardi and A.T. Ergün (2013) pres-
ent the results of an estimation of the systemic risk contributions (based on the 
multivariate GARCH model) of four financial industry groups, including a large 
number of institutions. 

Q. Xu et  al. (2018) assess systemic risk in the Chinese banking sector by 
applying the DCC-MIDAS model with Student’s t distribution. The multivariate 
distributions known as copulas (Sklar, 1959) are a useful tool in dependence 
modeling and risk estimation employed by, among others  – Guloksuz and Kumar, 
2020; Fabozzi et al. 2013, and Gong et al. 2014.

For dependence evaluation, D.H. Oh and A.J. Patton (2018) suggested a new 
class of copula-based dynamic models. The factor copulas employed by H. Man-
ner et al. (2021) are considered a tool for modeling high dimensional conditional 
distributions, helping the estimation of various indicators of systemic risk. This 
model was applied to a collection of daily CDS (credit default swap) spreads on 
100 U.S. firms. 

The remainder of this paper is structured as follows. The next section outlines 
the methodology employed, while the following section describes the dataset and 
empirical results. The final part of the paper presents some conclusions.

3. Methodology

In this section we briefly quote the dynamic model and systemic risk mea-
sures employed in this paper.

3.1. Asymmetric dynamic conditional correlation model

In the literature one can find many models that allow the dependence be-
tween time series to be described. The multivariate GARCH belongs to a class 
of models that allow one to predict second-order moments of returns (see Bau-
wens et al., 2006 for survey). One of the most popular models in this class is 
Engle’s Dynamic Conditional Correlation (2002), which enables the time varying 
covariance matrix to be decomposed into standard deviations and a time-varying 
correlation matrix. 
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Particular attention has been given to whether changes in the correlation 
between international asset markets demonstrate evidence of an asymmetric 
response to negative returns. Taking this into account, L. Cappiello et al. (2006) 
generalized Engle’s to asymmetric cases. We adopt this model along with the bi-
variate t copula, which allows one to describe the tail dependence of the financial 
time series.

3.2. Systemic risk measurement with DCoVar and MES

In this paper we consider two commonly used systemic risks. The first of 
them is DCoVar, which is based on the concept of Value at Risk (Adrian and Brun-
nermeier, 2011, 2016). Let C(rst) be some event for returns of subindex s. Then 
DCoVar at confidence level a corresponds to the conditional Value at Risk of the 
market return rmt (main stock index)

	 P r CoVaR rmt t
m r

st
st≤ ( )( ) =( )|C C| a  	 (1)

We consider event C(rst) equal to the Value at Risk of the subindex return 
at the same level a. The difference between the CoVar at level alpha and CoVar 
computed in median state is denoted as DCoVar (Benoit et al., 2013)

	 DCoVaR CoVaR CoVaRst t
m r VaR

t
m r Median rst st st sta a( ) = −= ( ) = ( )| |  	 (2)

where VaRst(a) satisfies

	 P r VaRst st ta a( )( ) =− 1 	 (3)

where t−1  is information available up to time t - 1. DCoVaRst denotes the part 
of the risk of the market that can be attributed to a given sector.

The second measure that we consider is based on the concept of Expected 
Shortfall and is defined in (Acharya et al. 2010). The Marginal Expected Shortfall 
computed at time t (given the information up to time t - 1) is defined as

	 MES C E r r Cst t st mt( ) = <−1( | )  	 (4)

where the threshold C defines the distress event. MES measures the increase in 
the risk of the market (expressed by Expected Shortfall of market returns), which 
is induced by a marginal increase in the weight of sector.

In the literature one can find many methods of computing DCoVar and MES. We 
calculate these measures on the basis of the model by Brownless and Engle (2012) 
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DCC but replace the bivariate normal distribution with dynamic bivariate t-copula. 
It can be shown that (see Benoit et al., 2019) DCoVar can be expressed as

	 DCoVaR st st st stVaR VaRa g a( ) = ( ) − ( ) 0 5. 	 (5)

with g rst st mt sth h= / , where rst is a  conditional correlation coefficient at 
time t between market and subindex returns. 

During the computation of MES we set the distress event to Value at Risk of 
the market return VaRmt(a). S. Benoit et al. (2013) showed that in these settings 

	 MES ESst st mta b a( ) = ( )  	 (6)

where b rst st st mth h= / , is time-varying conditional b and E E r r VaRmt t mt mt mta a( ) = < ( )−1( | ) 
E E r r VaRmt t mt mt mta a( ) = < ( )−1( | )  is the expected shortfall of the market. From this, 

one can conclude that considering the MES of a sector is the same as considering 
the beta of a subindex. 

Thus, MES measures how the financial institution contributes to the overall 
risk of the financial system. To summarize, MES takes the returns of a sector into 
account when the market is in left tail of the return distribution, and DCoVar 
looks at the market when the sector falls in the left tail of the return distribu-
tion. The sectors with the highest MES are the greatest drivers of systemic risk 
(they contribute the most to the decline of the market). The sectors with the 
highest DCoVar make the greatest contribution to market risk. In our approach 
we consider the absolute values of these measures. Both measures can lead to 
different conclusions when identifying the least risky and the riskiest sectors. 
S. Benoit et al. (2013) derived conditions under which rankings based on both 
measures are convergent. In the empirical part of this paper, we consider the 
dependence of sectors as well and measure the part of the risk of a given sector 
that can be attributed to another sector.

4. 	The data

We consider the daily closing prices of the Stoxx Europe 600 index along 
with their sectoral indexes in the period 03.01.2018 to 16.04.2021. In Table 1 we 
present the descriptive statistics of logarithmic returns (in percentages), along 
with the results of Jarque-Bera and Ljung-Box testing (p-values are reported). 

Both the STOXX 600 index and all subindexes are non-normally distributed. 
The time series of returns are characterized by high kurtosis and negative skewness 
(in all cases we reject the null of normality). With one exception (Health Care) 
we also reject the null of lack of autocorrelation (Ljung-Box test). 
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Table 1

Summary statistics of logarithmic returns

(Sub)index Mean S.D. Kurtosis Skewness L-B J-B

STOXX 600 0.02 1.16 23.56 -1.74 0.00 0.00

Automobiles & Parts 0.01 1.91 17.36 -0.66 0.00 0.00

Banks -0.04 1.82 14.55 -0.63 0.00 0.00

Basic Resources 0.03 1.89 14.07 -0.44 0.00 0.00

Chemicals 0.03 1.28 10.71 -0.88 0.00 0.00

Construction Materials 0.03 1.49 20.00 -1.47 0.00 0.00

Financial Services 0.04 1.40 22.35 -1.10 0.00 0.00

Food & Beverage 0.01 1.03 14.47 -1.23 0.00 0.00

Health Care 0.03 1.04 12.55 -0.95 0.24 0.00

Industrial Goods Services 0.04 1.42 15.84 -1.04 0.00 0.00

Insurance 0.01 1.57 29.14 -0.97 0.00 0.00

Media 0.02 1.27 16.78 -0.90 0.00 0.00

Oil & Gas -0.03 1.87 25.42 -1.17 0.00 0.00

Personal Goods 0.02 1.13 11.95 -1.07 0.00 0.00

Real Estate Price 0.00 1.25 22.34 -1.57 0.00 0.00

Retail 0.04 1.20 12.64 -0.86 0.00 0.00

Technology 0.06 1.51 9.89 -0.87 0.00 0.00

Telecommunications -0.03 1.21 21.73 -0.99 0.00 0.00

Travel & Leisure 0.00 1.82 13.65 -0.37 0.00 0.00

Utilities 0.04 1.25 33.48 -2.58 0.00 0.00

5.	 Estimation results

In this section we present the results of the estimation of the model presented 
in subsection 3.1 and compute the dynamic measure of risk from subsection 3.2. In 
most cases we apply Engle and Ng’s Nonlinear Asymmetric GARCH model (1993) 
to model conditional variances. For the subsectors Insurance and Utilities, the 
parameter of rotation, at a level of 10%, is not significant. In this case we replace 
NAGARCH with a basic GARCH model. In Figure 1 we present the conditional 
variances of all subindexes along with the conditional variance of STOXX Europe 
600 (from pair with Automobiles & Parts).
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Figure 1. Conditional variances from DCC  – copula model
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Figure 1. cont.

On the basis of dynamic models, we computed the conditional correlations. 
For four sectors (Food & Beverage, Health Care, Telecommunications and Travel 
& Leisure) the parameter of asymmetry, at a level of 10%, was not significant, and 
we used the standard DCC(1,1) model. Using conditional variances and correla-
tions we compute systemic risk measures in which distress events are Value at 
Risk at a significance level of 5%. They are presented in Figure 2.
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Figure 2. Systemic risk measures from dynamic model
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Figure 2. cont.

We observe that the plots of systemic risk measures are very similar and these 
time series are very strong correlated. The minimum value of Pearson and Spear-
man correlation coefficients is found for the Travel & Leisure subindex (0.7935) 
and Basic Resources (0.6367), respectively.

After sorting, we computed the daily percentage of concordant pairs between 
risk measures. This is illustrated in Figure 3. 
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Figure 3. Percentage of concordant pairs between risk measures

On average, for all sectors, the percentage of such pairs is equal to 53.13%. 
When considering the three riskiest sectors we obtain a value of 51.58%.

To establish whether the rankings produced by systemic risk measures are 
stable, we computed the Kendall correlation coefficient between the systemic 
risk ranking obtained on consecutive days. When all 19 subsectors are taken into 
account, the mean values of correlation coefficient for DCoVar and MES are 0.36 
and 0.47, respectively. When we consider the three riskiest sectors, we obtain 
the values 0.44 and 0.52, which indicates poor stability of rankings (the number 
of days with a perfect positive correlation is equal to 455 and 481, respectively).

It can also be seen that the maximum values of DCoVar and MES are noted 
in similar periods. This is the case for conditional variances as well. In Table 2 
we present the dates on which the maximum values ​​of conditional variances and 
systemic risk measures are observed.

Table 2

Dates of the maximum values ​​of conditional variances and systemic risk measures

 Subindex Variance DCoVar MES

Automobiles & Parts 25.03.2020 17.03.2020 25.03.2020

Banks 17.03.2020 13.03.2020 17.03.2020

Basic Resources 25.03.2020 13.03.2020 25.03.2020
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Chemicals 13.03.2020 17.03.2020 13.03.2020

Construction Materials 17.03.2020 17.03.2020 13.03.2020

Financial Services 13.03.2020 24.03.2020 13.03.2020

Food & Beverage 13.03.2020 19.03.2020 13.03.2020

Health Care 13.03.2020 17.03.2020 13.03.2020

Industrial Goods Services 25.03.2020 17.03.2020 25.03.2020

Insurance 25.03.2020 13.03.2020 25.03.2020

Media 13.03.2020 17.03.2020 13.03.2020

Oil & Gas 25.03.2020 13.03.2020 13.03.2020

Personal Goods 13.03.2020 17.03.2020 13.03.2020

Real Estate Price 17.03.2020 13.03.2020 17.03.2020

Retail 13.03.2020 17.03.2020 13.03.2020

Technology 13.03.2020 17.03.2020 13.03.2020

Telecommunications 18.03.2020 17.03.2020 18.03.2020

Travel & Leisure 25.03.2020 13.03.2020 25.03.2020

Utilities 13.03.2020 17.03.2020 13.03.2020

The most frequent three dates are 13.03.2020, 17.03.2020, 25.03.2020 and 
it can be easily seen that they are not coincidental with the maximum values of 
the conditional correlations. Obviously, it is not easy to explain the rapid increase 
in risk. We noted that on 13 March 2020 the head of the World Health Organi-
zation announced that Europe was then the centre of the COVID-19 pandemic, 
and on 17 March 2020 the coronavirus threat risk in Germany was raised from 
moderate to high. We noted that the STOXX 600 Europe index decreased on 
16 March, along with decreases in its subindexes, but on 17 March 2020 it mostly 
increased (similary to, for example, the DAX index). On both 24 and 25 March 
2020 the STOXX 600 Europe index and subindexes increased (with returns of 
8% and 3% of the main index on those days). Regarding the pandemic news, on 
25 March 2020 Spain recorded more total deaths than any country except Italy. 
On 13 March 2020 the riskiest sectors were Basic Resources according to DCoVar 
and Financial Services according to MES, whereas the sectors with the lowest 
risk were Real Estate Price and Health Care. On 17 March 2020 the situation was 
analogous. On 25 March 2020 the most and least risky sectors were the same in 
terms of DCoVar, but for MES these sectors were Insurance and Food & Beverage. 
At the end of our sample, considering DCoVar Financial Services turned out the 

Table 2 cont.
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riskiest, whereas Utilities the least. According to MES the riskiest and least risky 
are Basic Resources and Utilities, respectively.

Wishing to construct rankings of sectors that are characterized by the high-
est and lowest mean values of systemic risk, we adopt Bai and Perron’s test of 
multiple structural breaks (1998, 2003), in the time series of DCoVar and MES.

If y mt i t= + e  be the series of systemic risk under consideration with mean mi 
and error term et for t T T Ti i i= + + …− −1 11 2, , ,  and i M= … +1 2 1, , , . The unknown 
break dates (or optimal partition) T T TM1 2, , ,…  and their number are found using 
methods of least squares and the Bayesian Information Criterion. Three break-
points were found for some subindexes, but we only report the dates of break-
points found during the pandemic period, which are presented in the Table 3.

Table 3

Dates of breakpoints in systemic risk measures

Subindex DCoVar MES

Automobiles & Parts 24.02.2020 20.08.2020 24.02.2020 20.08.2020

Banks 24.02.2020 20.08.2020 24.02.2020 20.08.2020

Basic Resources 24.02.2020 20.08.2020 27.01.2020 23.07.2020

Chemicals 24.02.2020 20.08.2020 27.01.2020 23.07.2020

Construction Materials 24.02.2020 20.08.2020 24.02.2020 20.08.2020

Financial Services 24.02.2020 20.08.2020 24.02.2020 20.08.2020

Food & Beverage 24.02.2020 20.08.2020 24.02.2020 20.08.2020

Health Care 24.02.2020 20.08.2020 24.02.2020 20.08.2020

Industrial Goods Services 24.02.2020 20.08.2020 24.02.2020 20.08.2020

Insurance 24.02.2020 20.08.2020 24.02.2020 20.08.2020

Media 24.02.2020 20.08.2020 24.02.2020 20.08.2020

Oil & Gas 24.02.2020 20.08.2020 24.02.2020 20.08.2020

Personal Goods 24.02.2020 20.08.2020 20.02.2020 18.08.2020

Real Estate Price 24.02.2020 20.08.2020 24.02.2020 20.08.2020

Retail 24.02.2020 20.08.2020 20.02.2020 18.08.2020

Technology 24.02.2020 20.08.2020 27.01.2020 23.07.2020

Telecommunications 24.02.2020 20.08.2020 24.02.2020 20.08.2020

Travel & Leisure 24.02.2020 20.08.2020 24.02.2020 20.08.2020

Utilities 24.02.2020 20.08.2020 24.02.2020 20.08.2020
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In the case of DCoVar breakpoints are found at the same time as on 24.02.2020 
(on that day STOXX 600 Europe dropped 3.79% and, for example, DAX dropped 
about 4%) and 20.08.2020 (because of bad forecasts concerning the prognosis 
of the U.S. economy published by the Fed at its July FOMC Wall Street meeting, 
U.S. stock exchanges closed lower than before; additional factors with an impact 
on stock exchanges were problems and tensions between the United States and 
China, which reached their culmination on those days). For MES, these dates 
occur very often.

We divide our sample with these dates and compute the mean values of 
DCoVar and MES and in computing the mean daily values, we rank the sectors. 
The Tables 4 and 5 present these values in descending order.

Table 4

Ranked mean values of DCoVar in subperiods

from 04.01.2018 
to 24.02.2020

from 25.02.2020 
to 20.08.2020

from 21.09.2020 
to 16.04.2021

Industrial Goods Services Industrial Goods Services Industrial Goods Services

Financial Services Financial Services Financial Services

Chemicals Personal Goods Personal Goods

Personal Goods Chemicals Retail

Retail Retail Chemicals

Insurance Basic Resources Media

Basic Resources Technology Insurance

Travel & Leisure Insurance Basic Resources

Oil & Gas Food & Beverage Food & Beverage

Technology Media Oil & Gas

Automobiles & Parts Automobiles & Parts Construction Materials

Banks Utilities Technology

Media Health Care Travel & Leisure

Construction Materials Banks Automobiles & Parts

Health Care Telecommunications Banks

Telecommunications Construction Materials Telecommunications

Food & Beverage Oil & Gas Health Care

Utilities Travel & Leisure Utilities

Real Estate Price Real Estate Price Real Estate Price
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Table 5

Ranked mean values of MES in subperiods

from 04.01.2018 
to 24.02.2020

from 25.02.2020 
to 20.08.2020

from 21.09.2020 
to 16.04.2021

Basic Resources Travel & Leisure Banks

Automobiles & Parts Banks Oil & Gas

Technology Automobiles & Parts Travel & Leisure

Banks Oil & Gas Basic Resources

Industrial Goods Services Insurance Insurance

Chemicals Industrial Goods Services Automobiles & Parts

Construction Materials Construction Materials Technology

Financial Services Basic Resources Construction Materials

Oil & Gas Financial Services Industrial Goods Services

Insurance Technology Financial Services

Retail Media Media

Personal Goods Chemicals Retail

Travel & Leisure Personal Goods Chemicals

Media Utilities Personal Goods

Telecommunications Retail Utilities

Health Care Real Estate Price Telecommunications

Food & Beverage Telecommunications Food & Beverage

Utilities Food & Beverage Health Care

Real Estate Price Health Care Real Estate Price

From Table 4 it can be seen that the sectors with the highest and lowest 
DCoVar are Industrial Goods Services and Real Estate Price, respectively, regard-
less of the periods. The rankings of MES are very different and there is no clear 
pattern. In the most critical period, the highest mean value of MES is assigned 
to the Travel & Leisure (18 place in ranking of DCoVar) sector and the lowest to 
the Health Care (13 place in ranking of DCoVar sector. We observe the similarity 
of rankings before and after this period (Real Estate Price at the bottom of the 
tables). Regarding the concordance of rankings according to the mean values of 
systemic risk we note 101 concordant pairs for the full sample (59% of all pairs), 
whereas for subperiods: 84 (49%), 70 (41%) and 79 (46%). 

In Tables 6 and 7 we present the percentage changes of systemic risk mea-
sures with respect to the subperiod 04.01.2018 to 24.02.2020. 
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Table 6

Percentage changes of DCoVar

from 24.02.2020 to 20.08.2020 from 16.04.2020 to 16.04.2021

Utilities 293.18 Utilities 31.46

Real Estate Price 258.38 Food & Beverage 30.99

Food & Beverage 256.13 Media 26.25

Basic Resources 216.95 Real Estate Price 22.83

Telecommunications 207.82 Insurance 15.02

Technology 206.15 Retail 13.39

Media 200.32 Personal Goods 12.66

Personal Goods 198.22 Financial Services 12.56

Health Care 198.07 Telecommunications 12.48

Financial Services 191.77 Construction Materials 11.50

Retail 191.11 Industrial Goods Services 9.35

Automobiles & Parts 189.40 Oil & Gas 8.58

Chemicals 188.25 Basic Resources 7.61

Insurance 186.61 Chemicals 5.55

Construction Materials 184.35 Technology 5.49

Banks 182.50 Health Care 4.89

Industrial Goods Services 170.44 Banks 3.44

Oil & Gas 168.71 Travel & Leisure 3.18

Travel & Leisure 157.96 Automobiles & Parts 3.03

Table 7

Percentage changes of MES

from 24.02.2020 to 20.08.2020 from 20.08.2020 to 16.04.2021

Travel & Leisure 267.01 Travel & Leisure 69.71

Real Estate Price 199.90 Banks 47.28

Insurance 180.71 Media 44.40

Oil & Gas 179.65 Oil & Gas 42.60

Utilities 177.66 Insurance 39.29

Banks 175.07 Utilities 38.36
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from 24.02.2020 to 20.08.2020 from 20.08.2020 to 16.04.2021

Media 159.14 Real Estate Price 37.36

Construction Materials 146.84 Food & Beverage 32.30

Industrial Goods Services 134.79 Retail 23.21

Automobiles & Parts 134.27 Construction Materials 18.36

Food & Beverage 130.71 Financial Services 17.33

Financial Services 128.05 Telecommunications 13.86

Telecommunications 121.20 Personal Goods 12.54

Personal Goods 97.25 Industrial Goods Services 10.67

Chemicals 93.51 Automobiles & Parts 5.80

Basic Resources 82.89 Technology 5.24

Retail 80.49 Basic Resources 4.90

Health Care 79.51 Health Care 4.81

Technology 77.11 Chemicals 1.20

According to the measure DCoVar changes exceed 150% for all sectors in 
the most critical period and 7 of them exceed 200%, with the Utilities (for both 
intervals this sector is characterized by the greatest change) sector at the top. 
In turn, Travel & Leisure is notable for its lowest percentage change, unlike the 
ranking of changes of MES. The changes in the subperiods of the first and second 
waves in respect to the pre-pandemic period are the highest for the Travel & 
Leisure sector. Regarding the bottom of Table 7, we note the Technology sector 
with a percentage change above 77% and the Chemicals sector with 1.2 % change.

6.	 Conclusions

With DCoVar and MES we can assess systemic risk contributions among 
financial and insurance institutions. Risk increases in crisis periods and the level 
of changes is often the subject of interest. Despite the similarity between the time 
series plots of both measures, the percentage of concordant pairs of daily rank-
ings is on average equal to about 50%. The rankings also indicate poor stability, 
which is proven by rank correlation between consecutive days. We also note that 
rankings of the most and least risky sectors are different and depend on the choice 
of measure. If there is such compliance, it is very rare. Applying the structural 

Table 7 cont.
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breaks estimation method, we found specific dates very similar for all sectors and 
both measures. Constructing the rankings of sectors in terms of the highest and 
lowest mean values at specific intervals we also do not obtain compatibility. For 
both measures we note huge percentage changes in mean risk values, especially 
in the period from 24.02.2020 till 20.08.2020 compared to the previous period. 
The percentage changes for both intervals indicate the same riskiest sectors, but 
the indications of both measures are not consistent.

References

	 [1]	 Adrian, T. and Brunnermeier, M.K. (2011) ‘CoVaR’ NBER Working Paper, 
No. 17454.

	 [2]	 Adrian, T. and Brunnermeier, M.K. (2016) ‘CoVaR’, American Economic 
Review, vol. 106 (7), pp. 1705–1741. 
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Summary

In this index study, the relationships between Stoxx Europe 600 and sector indices are analyzed. 
This research uses DCoVar and MES as analytical tools developed as a measure of systemic risk 
and applied to financial institutions, to sectoral subindexes. For the sake of systemic risk as-
sessment we calculate the dynamic correlation model with bivariate t copula distribution. We 
focus on the impact of sectors on the market. Despite the similarity between the time series 
plots of both measures, with maximum values on similar days, the compatibility of daily rank-
ings, measured as a percentage of concordant pairs, is equal to about 50%. The rankings of the 
most and least risky sectors are different and depend on the choice of measure, but in the case 
of both we observe poor stability. When sectors are ranked in terms of the highest and lowest 
mean values at specific intervals (designated by the structural break estimation method, which 
surpisingly detects very similar dates of structural changes) we draw the same conclusions. 
For both measures we note huge percentage changes in mean values of risk, especially in the 
period from February 24, 2020 till August 20, 2020 with respect to the previous period. The 
percentage changes for both intervals indicate the same most risky sectors, but the indications 
of both measures are not consistent.

JEL codes: G15, G19

Keywords: Stoxx Europe 600 index, systemic risk, DCoVaR, MES, Covid-19 pandemic
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1. 	Introductory overview

The banking industry has been affected both directly and indirectly by the 
COVID-19 pandemic, with the level of risk faced by banks depending on both 
their portfolio orientation and the banks’ operating area (Deutsche Bundesbank, 
2020). In this context, the indirect effects of the pandemic on banks are of great 
relevance, since  – due to lockdowns  – commercial and private customers have 
suffered considerable financial losses (Deutscher Industrie- und Handelskam-
mertag, 2020). To combat this, the federal government passed a comprehensive 
package of measures in March 2020 to provide financial support to the affected 
companies and employees (Bundesfinanzministerium, 2020c). At the beginning 
of the first lockdown, the national and international supervisory authorities (Na-
tional Competent Authority  – NCA) decided on and implemented a wide range 
of support measures for banks (BaFin, 2021).

In this paper, we will therefore first outline the main regulatory simplifica-
tions for German banks before presenting the overall results of an expert study 
and formulating recommendations for action.
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2. 	Regulatory easements due to COVID-19

The COVID-19 pandemic is a new situation, the scale of which is difficult to 
grasp. The consequences of the pandemic are being felt in all sectors of society 
and represent yet unknown challenges, both in humanitarian and economic 
terms. The economic consequences of the pandemic may lead to a  significant 
deterioration of bank portfolios and consequently to a higher number of loan 
defaults. To mitigate these effects, the federal government has taken various mea-
sures together with the banking supervisory authorities (Neisen, Schulte‑Mattler, 
2020, 35). In the following, however, only the most important measures are 
presented. In this context, the focus is on the easing of capital buffers and the 
operational area. The main objective of these measures is to avoid a break-down 
in the provision of credit.

2.1.	 CRR Quick Fix

In order to further promote credit provision by banks and mitigate the im-
pact of the COVID-19 pandemic on banks, the European Commission published 
Regulation (EU) 2020/873 amending the CRR (Capital Requirements Regulation) 
and CRR II (CRR Quick Fix) on 24 June 2020. This includes temporary measures 
as well as those brought forward from CRR II (Neisen, Schulte‑Mattler, 2020, 35). 
Among others, the changes include the following aspects:

−	The interim arrangements to mitigate the IFRS 9 effects on Common Equity 
Tier 1 capital according to art. 473a CRR are extended by two years (Regula-
tion (EU) 2019/630, 11–13).

−	Banks must hold a minimum amount of capital for loans that is available in 
the event of restructuring or resolution (prudential backstop). This minimum 
level is intended to avoid the need for state support measures (Deutsche 
Bundesbank, 2019).

−	The temporary introduction of prudential filters for dealing with unrealised 
gains and losses on government bond-related financial products (Regulation 
(EU) 2020/873, 15).

−	The possible suspension of the qualitative multiplier used in market risk to 
determine equity. The daily back-testing for the forecasting quality of the 
models used is only of limited significance due to the high volatility of mar-
kets during the COVID-19 pandemic. Bringing forward the regulations from 
CRR II on support factors for loans to small and medium-sized enterprises 
(SMEs) and infrastructure companies.

−	Allowing reduced risk weights to be reported for loans backed by pensions 
or salaries.
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−	Provisional possibility of not taking into account exposures to central govern-
ments in the calculation of the leverage ratio (Regulation (EU) 2020/873, 9, 
art. 1 no. 4 and art. 9) if, from the BaFin’s point of view, there are exceptional 
circumstances (Regulation (EU) 2020/873 art. 1 no. 4 para. b).

−	Early application of the CRR II rules on the treatment of software assets, 
according to which conservatively valued software assets (Regulation (EU) 
2019/876 art. 1 no. 18) do not have to be considered as deductible items 
in accordance with art. 36 CRR II if their value is preserved in the event of 
insolvency.

2.2.	 Easing with an impact on capital

At the beginning of the COVID-19 pandemic, both the European Banking Au-
thority (EBA) and the European central Bank (ECB) used the flexibility contained 
in their regulations and presented easements in capital requirements (Waschbusch, 
Kiszka, 2020). The easing is intended to give banks the opportunity to continue 
to grant loans to their customers, even though the worsening economic situation 
could mean that more capital could be needed to cover credit risks. According to 
these regulations, banks are allowed to temporarily reduce their capital buffers, as 
these were built up specifically for times of crisis (EBA, 2020a). Since the national 
NCAs were requested to reduce the requirements for the countercyclical capital 
buffer as part of the measures, the BaFin in Germany has already reduced the 
existing buffer to 0% with effect from 31st March 2020 (BaFin, 2020a).

The existing capital buffer easements can thus lead to a  situation where 
the banks under the supervision of the German supervisory authorities do not 
fulfil the combined capital buffer requirements according to § 10i of the German 
Banking Act (KWG). Since the capital buffers are built up in economically good 
times to be available in times of crisis to absorb negative developments, this does 
not result in any grounds for objection for the supervisory authorities. However, 
the restrictions associated with non-fulfilment, such as the distribution ban for 
dividends or for variable remuneration components (§ 10i para. 2 KWG), must be 
considered. In addition, any failure to meet the combined requirements must 
be reported to the supervisory authority without delay. In the event of a shortfall 
in the requirements according to § 10i para. 6 KWG, the capital maintenance 
plan must be prepared in the context of a crisis after consulting the supervisory 
authorities, and the resulting measures as well as the timetable for implementa-
tion must be specified (BaFin, 2020c).

In addition, the possibility was created for banks supervised by the ECB to 
fulfil the requirements of Pillar 2 of the Basel Regulation (P2R, Pillar 2 Require-
ments) with capital instruments that are not assigned to the Common Equity Tier 
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1 capital. This means that the instruments of Additional Equity Tier 1 capital and 
Equity Tier 2 capital can also be considered at this point. This regulation was 
meant to come into force in January 2021 with the revision of the CRD V (Capi-
tal Requirements Directives) and was brought forward to support the banking 
industry (ECB, 2020). For less significant institutions (LSI), the use of extended 
capital instruments was possible in Germany at that time (BaFin, 2020b).

In addition to the possibility of using capital buffers, the European supervisory 
authorities also established the easing of the liquidity coverage ratio (LCR), by 
which the requirement for compliance with a ratio of at least 100% in accordance 
with art. 412 CRR can be undercut. The aim of this easing is, on the one hand, to 
avoid potential liquidity problems for banks and the associated spill over effects 
for other institutions and, on the other hand, for the economy as a whole (ECB, 
2021). Therefore, falling below the defined ratio does not lead to supervisory 
measures, but a report is still required according to art. 414 CRR. The information 
requirements until the quota is met again are to be determined individually. The 
NCAs may also require additional reports beyond the regular supervisory reports 
(e.g., daily liquidity reports). For LSIs, the BaFin has stipulated that any further 
shortfall in 10% steps must be reported to the respective institution’s supervi-
sors at the BaFin and the German Central Bank. Based on this, a waiver of daily 
liquidity reports for LSIs is expected (BaFin, 2021).

The obligation to meet the P2G (Pillar 2 Guidance) and the liquidity coverage 
ratio will be reintroduced depending on the path of economic development. In its 
FAQ, the ECB specifies a timeline until the end of 2022 in which banks can oper-
ate below the P2R. The liquidity coverage ratio depends on both the individual 
bank as well as the market development. The ECB plans an obligation to comply 
with this at the earliest from the end of 2021 (ECB, 2021).

In addition to the possibility of falling short on the overall ratio, there are also 
simplifications in the calculation of the liquidity coverage ratio. For highly liquid 
assets in the form of shares, these may not show a loss in value of more than 40% 
even in a stress case (Delegated Regulation (EU) 2015/61 art. 12 no. 1). During the 
COVID-19 pandemic, it has so far been shown that shares continue to be highly 
liquid, even if there are fluctuations in value of more than 40% within 30 days. 
Therefore, LSIs in Germany currently still have the option of including shares as 
highly liquid assets in the calculation of the LCR even if the 40% limit is exceeded, 
if they are assigned to one of the main indices (BaFin, 2021). Furthermore, the 
liquidity coverage ratio exclusivity criterion for LSIs mentioned in the delegated 
regulation has been suspended. This stipulates that investment funds are only 
to be included in highly liquid assets if all special assets of the fund also consist 
exclusively of highly liquid assets. The relief is particularly relevant for special 
funds that only have one investor and where the investor sets the investment 
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guidelines himself (single-investor funds). Through this suspension, highly liquid 
assets in the special assets of a single-investor fund can be included in the liquid-
ity coverage ratio, regardless of whether the fund is invested exclusively in highly 
liquid assets (BaFin, 2021).

3.	 Easing in the operational area

3.1.	 Finalising Basel III

One of the most significant facilitations in the operational area is the post-
ponement of the finalisation of Basel III to 1st January 2023. The new regulations 
will be implemented among others by the CRR II and the CRD V. The introduction 
of the extensive changes is associated with a high degree of operational effort 
for banks. By postponing the finalisation, the introduction phase for the output 
floor, for example, will be extended. The members of the Basel Committee see 
the postponement as justified, as the strength of the financial system is not en-
dangered, but the operational burden for the banks can be significantly reduced 
(BCBS, 2020; Waschbusch, Kiszka, 2020).

3.2.	 Stress tests

In order to assess the stability of the European banking system and to identify 
existing risks, the EBA conducts an EU-wide stress test every two years. The partici-
pants in the stress test include the largest and most important banks supervised 
by the ECB. Both the ECB and the NCAs as well as the ESRB (European Systemic 
Risk Board) are involved in conducting the stress test (EBA, 2021). Due to the 
COVID-19 pandemic, the test scheduled for 2020 was postponed to 2021 with the 
aim of reducing the operational burden on banks so that they can focus on their 
core business activities. To still be provided with up-to-date information, the EBA 
has requested information on the size of the institutions’ credit portfolios and 
their quality as part of an EU-wide survey (EBA, 2020b). In addition to the EBA 
stress test, a stress test for the LSIs is carried out in years in which no EU-wide 
stress test takes place. Thus, the stress test planned for 2021 was also postponed 
by one year (Waschbusch, Kiszka, 2020; BaFin, 2021).

3.3.	 Moratoria

The EBA published the Guideline on statutory moratoria and non-statutory 
moratoria on credit repayments in view of the COVID-19 crisis (EBA/GL/2020/02) 
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at the beginning of April 2020. The reason for the introduction of the guideline 
is that, due to the measures taken to contain the COVID-19 pandemic, many bor-
rowers are currently unable to meet their payment obligations or will be unable 
to do so soon. The Euro states have each created their own legal regulations 
for this purpose to support individuals (Baumstark, Mehring, 2020, 10). In the 
guideline, the EBA sets out how loan agreements that are subject to a general 
payment moratorium are to be treated for supervisory purposes. The guideline 
refers to the application of the definition of default according to art. 178 CRR and 
the classification as a deferral measure according to art. 47b CRR (EBA/GL/2020/02 
para. 6). In order not to qualify as a deferral measure pursuant to art. 47b CRR, 
the moratorium must meet the criteria of no. 10 of the guideline. It is important 
that the moratorium is not applied to individual debtors, but to groups of debtors 
only. The criteria relevant for the assignment to a debtor group are to be defined 
as broadly as possible, so that the borrower can make use of the moratorium with-
out a prior credit assessment. Another essential criterion is that the moratorium 
was introduced due to the COVID-19 pandemic (EBA/GL/2020/02 para. 10b, 10f). 
If a payment moratorium fulfils the criteria mentioned in paragraph 10, the days 
in default are to be counted in accordance with paragraphs 16 to 18 of the EBA 
guideline on the application of the definition of default in accordance with ar-
ticle 178 CRR (EBA/GL/2016/07) (EBA/GL/2020/02 para. 13). However, the days 
affected by the moratorium are not counted as days in default (EBA/GL/2016/07 
paras. 16–18, EBA/GL/2020/02 para. 13). Despite the payment moratorium, banks 
should continue to assess the likelihood of a default according to standard prac-
tices so as not to underestimate longer-term risks (EBA/GL/2020/02 para. 14). 
If institutions use moratoria without a law, this must be reported to the NCAs. 
The report content is defined in paragraph 17 of the guideline on moratoria. 
Among other things, it includes the date from which the moratorium is applied, 
the number of debtors and the sum of the exposure values that fall within the 
scope of application (EBA/GL/2020/02 para. 17a, c).

3.4.	 Interaction between the front office  
and the back office in the credit division

The BaFin provides some simplifications for LSIs at the national level, espe-
cially for the operational requirements in the credit division based on the MaRisk. 
There is often a  shortage of staff, especially in small banks, which can lead to 
bottlenecks due to pandemic-related staff shortages. The MaRisk requirement that 
a strict separation between front and back office must be maintained in the credit 
division can have an aggravating effect in this context. To counter this circum-
stance, the BaFin has given banks the opportunity to soften this strict separation 
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in the event of crisis-related staff shortages. This means that employees can work 
both in the front and back office to ensure the smooth course of business. Banks 
that make use of this facilitation are therefore required to adequately consider 
and manage the potential risks that may occur (BaFin, 2021).

Furthermore, banks can also waive a second vote under certain conditions. 
However, this only applies to loans issued to existing customers within the frame-
work of a  state-guaranteed aid programme to bridge crisis-related difficulties. 
For these loans, the market vote is sufficient at the time of issuance, whereby the 
back-office vote must be obtained within three months. If the back office votes 
negatively on such a loan, appropriate risk-limiting measures must be initiated 
accordingly (BaFin, 2021).

3.5.	 Non-performing loans

Due to the COVID-19 pandemic, an increase in non-performing loans is ex-
pected. The BaFin considers it to be usual and appropriate for banks to support 
borrowers who are only experiencing difficulties due to the pandemic. However, 
applying BTO 1.2.5 para. 3 MaRisk, according to which institutions must obtain 
a restructuring concept from borrowers if they decide to accompany the restruc-
turing, is currently suspended. Therefore, a loan can currently be granted even 
if the ability to service the debt is not guaranteed because of the crisis. In this 
context, the bank must conclude within an internal review that the company is 
able to survive and that the current difficulties would not have occurred without 
the pandemic situation (BaFin, 2021).

4.	 Further facilitations

At the beginning of the crisis, the EBA already called on the ECB and the 
NCAs to perform their supervisory tasks only within an appropriate framework 
and to show flexibility whenever possible. At the same time, banking audits were 
postponed whenever possible (EBA, 2020a). In the meantime, however, these are 
mostly carried out again in an off-site mode (no on-site audits) (BaFin, 2021).

A measure which did not constitute easing for banks as for their commercial 
customers was the CovInsAG. Under this act, the obligation to file for insolvency 
was suspended under certain conditions in order to mitigate the consequences of 
the pandemic for companies that were particularly affected and to avoid a sharp 
increase in insolvencies. At the same time, the CovInsAG was intended to en-
sure banks that lending was also promising during the pandemic, even though 
a positive prognosis for a going concern was difficult to make (Schluck-Amend, 
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Schwarzer, 2020, 46). However, according to section §1 para. 1 CovInsAG, the 
suspension of the obligation to file for insolvency was only possible if maturity 
for insolvency had been reached due to the COVID-19 pandemic and there was 
a chance that insolvency could be resolved again. Essentially, it could be assumed 
that the requirements were met if on 31st December 2019 the company was not 
yet insolvent. The suspension of the obligation to file for insolvency was extended 
until the end of April 2021. Since 1st January 2021, the obligation to file for 
insolvency could be suspended if a company was in difficulties due to the crisis 
but had a chance of survival due to state aid payments. The state aid had to be 
requested by 28th February 2021 (§ 1 para. 2 and 3 CovInsAG).

For banks, this act was a good way to keep their debtors and support them 
through the time of crisis. However, granting loans in times of crisis is always as-
sociated with increased risks, which may be very difficult to calculate due to this 
measure. However, this act also offered banks the opportunity to reduce their 
risk due to a privileged status. The basic prerequisite for this, however, was that 
the borrower’s problems were demonstrably caused by the pandemic and that 
rehabilitation was not already hopeless at the time a loan was granted. The privi-
leges according to § 2 para. 1 CovInsAG referred primarily to short-term loans to 
bridge existing difficulties (Schluck-Amend, Schwarzer, 2020, 48–49).

5.	 Expert study  –  
banking supervisory easements in practice

5.1.	 Sample and methodological approach

The empirical study is intended to contribute to answering the question 
regarding the extent to which the measures adopted by the supervisory authori-
ties made it easier for German banks to deal with the effects of the COVID-19 
pandemic. Therefore, seven guideline-based interviews were conducted with 
a total of nine experts. All experts were selected according to their professional 
background. We sought professionals from the banking industry with at least 
ten years of experience in an area related to the topic discussed. Moreover, it 
was important to interview experts from different areas to be able to get a full 
and diversified perspective on the topic. Therefore, experts from the banking 
industry, from the supervisory authorities and from academia selected. In this 
context, it is important to mention that the statements and opinions of the 
experts are their own and do not necessarily represent the institution in which 
they are currently employed. An anonymised presentation of the experts can 
be found in Table 1.
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Table 1

Experts  – Overview

Expert 1
academic and banking background (internal audit and general 

bank management)

Expert 2 banking background (bank audit)

Expert 3
banking background (e.g., non-performing loan processing and 

internal audit)

Expert 4 regulatory background (continuous banking supervision)

Expert 5 regulatory background 

Expert 6
regulatory background (was involved in the drafting the facilita-

tions)

Expert 7, expert 8 
and expert 9

banking background (internal audit)

All interviews were based on a semi-structured questionnaire to structure the 
interviews, on the one hand, and to make sure all necessary topics were covered, 
on the other hand. Six of the interviews were individual interviews, the seventh 
interview was conducted as a group interview at the request of the three experts 
questioned. This did not lead to any limitations in the analysis. The interviews 
took place between 25th January 2021 and 10th February 2021 by telephone or 
video calls and lasted about one and a half hours each.

To be able to analyse the data collected in the interviews, they were audio-
recorded and then transcribed based on the rules of Kuckartz (2018) and Dresing/
Pehl (2018). Subsequently, the transcribed interviews were analysed using the 
qualitative content analysis according to Mayring (2015). The most important 
results are presented below in a summarised form.

5.2.	 Presentation and interpretation of the results

The expert study was intended to critically analyse the easing measures for 
German banks enacted by the supervisory authorities about their applicability 
and their benefit. Furthermore, the question as to whether the measures can 
contribute to overcoming the effects of the COVID-19 pandemic was addressed. 
In this context, some facilitation measures are assessed by the experts as very 
positive, others as very critical. According to the experts, the main purpose of the 
rapid introduction of easing measures was to calm the market so that both bor-
rowers and the banks themselves could count on the support of the supervisory 
authorities during the crisis. There are no special beneficiaries of the facilitation 



104

Jessica Hastenteufel, Anke Haag, Maria Eschenröder

measures, according to the experts, as the different banks can benefit from the 
adopted measures to different extents depending on their individual situation 
and the respective business model and focus. However, it must be kept in mind 
that taking advantage of the facilitation measures often goes hand in hand with 
being more affected by the crisis. The measures can therefore be understood 
primarily as a signalling effect both towards the banks and towards the economy.

However, the experts list numerous points of criticism regarding the easing 
of capital requirements. The basic design of the capital buffer requirements serves 
to build up capital so that it is available in times of crisis. Consequently, the pos-
sibility of falling short on these capital buffers is understandable and reflects their 
purpose. Nevertheless, it has been shown that in practice, falling short on these 
capital buffers is associated with further, sometimes costly measures, so that the 
banks try to avoid it if possible. In the current market situation, in which the ef-
fects of the COVID-19 pandemic have not yet been reflected in the balance sheets 
of the companies and banks, a shortfall is generally to be viewed rather critically, 
as the effects are regarded as second-round effects by the experts. In other words, 
banks need a comprehensive capital base to absorb the risks as soon as credit 
risks occur. If banks start using their capital buffers now, there is a possibility that 
there will be insufficient capital available to counteract risks when they materialise. 
At the same time, the use of the free equity components for lending can lead to 
loans being granted to borrowers with poorer credit scores, which can make the 
effects even more drastic when risks materialise. However, in practice, the easing 
of capital buffer requirements has so far not led to an increase in lending to bor-
rowers with poorer credit ratings. The caution of banks in avoiding additional or 
bad risks is very clear in this context. Thus, the measures do not provide a great 
benefit at this point, as the risks involved are for the most part difficult to calculate.

The benefit from the easing of capital requirements must also be critically 
reviewed considering the banks’ current earnings situation and their options 
for raising equity capital. Since the lowering of the capital buffer requirements 
is a temporary measure and the due date of this facilitation has not yet been de-
termined, the financial planning is associated with high risks for banks. Particu-
larly in the forecast of capital available to the banks and to be held to cover the 
capital requirements, banks cannot reliably plan for the measures adopted due 
to the lack of a limit on the duration of the facilitation. Therefore, if a shortfall 
occurs, banks will have to make up for it by the next forecast date to meet their 
capital budget requirements. Their tight earnings situation can also cause prob-
lems for banks in raising new equity capital. If they take advantage of the easing 
and reduce their capital buffers, this can lead to a  situation in which they are 
no longer able to meet their capital requirements as soon as the measures have 
been discontinued. This can then lead to difficulties for the affected banks. Banks 
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using the facilitation measures to avoid a necessary merger for the time being 
can thus widen their structural problems. The lack of equity capital could also 
lead to a restriction of business activities, especially in structurally weak regions. 
The restrictions that come into effect when the capital buffers are undercut can 
also be an obstacle to raising capital. Especially for cooperative banks that push 
dividends as an incentive for subscribing to business shares, a ban on distributing 
dividends can have negative effects.

All in all, the measures to suspend the buffer requirements have a signalling 
effect on banks and can offer them a safety net, but ultimately their use is associ-
ated with high risks, which most banks do not want to take now if they can avoid 
it. It is particularly important to emphasise, however, that these facilitations do 
not imply a  lowering of the minimum capital requirements. The fundamental 
capitalisation of the banks remains the same.

Eases in the context of the calculation of own funds are mostly brought 
forward regulations within the framework of the revision of the CRR and thus to 
be classified within the framework of the Basel III finalisation. The possibility of 
backing the P2R with additional Equity Tier1 capital and Tier 2 capital is primarily 
directed at significant banks. Due to the mix of experts, it is not possible to make 
a standardised statement at this point. However, it can generally be observed that 
the capitalisation of significant banks is more limited, which is why this regulation 
can be an advantage for them. At the same time, the requirements for large banks 
will be adapted to the regulations that already apply to smaller banks in Germany. 
The adjustment of the qualifying amounts for loans to small and medium-sized 
enterprises will only help banks if they also make use of the privileged treatment. 
For smaller banks which are very well capitalised, the benefit of this privileged 
crediting is usually less than the associated expense, which is why they do not 
make use of it. At the same time, it is also questionable whether the political 
reasons for favouring SMEs correspond to the risk content of such loans.

The facilitations in the operational area are very differentiated in terms of their 
effects. In particular, the abolition of the separation of front and back office is 
viewed as being very critically by the experts. Regarding the incidents of fraud that 
have occurred in the past this is understandable. At the same time, however, this 
measure can be an opportunity for banks with limited personnel, which struggle 
with pandemic-related staff shortages. Nevertheless, this measure should only 
be used in exceptional cases. If banks make use of this regulation, they must be 
aware of the risks that may arise from it.

When considering operational easements for non-performing loans, the 
following two aspects must be considered. On the one hand, there is the pos-
sibility of waiving a reorganisation report. On the other hand, the suspension of 
the insolvency obligation also plays a role here. The lack of an obligation to file 
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for insolvency can contribute to companies continuing to be kept artificially alive 
despite an unsustainable business model. However, the amendments to COVInsAG 
have reduced this risk, as companies must prove that a positive continuation of 
the company is possible after taking the requested state support into account 
(§ 1 para. 1 and 3 COVInsAG).

A measure that can be an advantage for both the borrowers and the bank 
itself is the general moratorium on payments. Banks whose borrowers and lessees 
were financially restricted by short time work particularly benefit from this. These 
deferrals made it possible to bridge short-term liquidity bottlenecks of customers 
without having to mark the loans as defaulted. At the same time, however, the de-
ferral can also extend a loan that is already no longer sustainable, since the lack 
of debt service capacity is due to structural problems that are, however, masked 
by the pandemic. The default marker would thus have allowed for an earlier 
liquidation and thus also an earlier realisation of the collateral. However, the 
experts note overall that the payment moratoria have some obstacles regarding 
their design. Among other things, the deferral of interest payments should be 
mentioned in this context. Due to these particularities, banks tend to use indi-
vidual agreements with their customers instead of the possible moratoria. The 
lack of default identification also means that the supervisory authorities do not 
gain a comprehensive insight into possibly defaulted loans through the banks’ 
reporting. The risks building up in the banks can then no longer be recognised 
at an early stage. This problem can be limited by the COVID-19 reporting system, 
but not eliminated.

The experts agree that the current business models of German banks will 
continue in the future. This also refers to the threefold structure of the Ger-
man banking industry (savings banks, cooperative banks, credit banks). At this 
point, the COVID crisis will not lead to a change in the basic business models, 
although the way business is conducted and bank portfolios will change as a result 
of the pandemic. The biggest drivers in this regard are digitalisation as well as 
the changed attitude of people towards life. Due to the earnings situation being 
burdened by the persistently low interest rate environment, banks have had to 
look for new ways to generate/increase earnings even before the pandemic. In 
the past, many banks did not pay too much attention to the topic of digitalisa-
tion, which experts justify with the high supervisory requirements that had to be 
implemented at the same time and the sometimes-considerable costs incurred in 
the implementation of digitalisation. However, it should be noted at this point 
that many banks were still doing so well financially in recent years that they were 
not forced to proactively address this topic or see any reason to do so. However, 
the COVID-19 pandemic has given this topic an enormous boost, as both the 
way of doing business and the way of serving customers are becoming more and 
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more digital. The decreasing income due to the low interest rate environment 
can be improved either by shifting the business models towards a bigger focus 
on commission business or by changing the portfolio towards new financing 
topics (e.g., sustainable investments). In addition to new investment opportuni-
ties, banks need to become more efficient, as the measures in digitalisation and 
further regulatory requirements are accompanied by high costs. Reducing costs 
(e.g., closing branches), rationalisation and digitalisation investments in a bank’s 
infrastructure as well as the development of new sources of income (e.g. com-
mission business, new products) are the logical consequence.

Despite all the measures implemented, experts see the danger of a new finan-
cial crisis. In particular, the expected increase in default rates due to loan defaults, 
caused for example by business insolvencies, could lead to a crisis in the banking 
industry. Thus, the benefit of the easing measures also depends on how long it 
will take to lift the restrictions caused by the pandemic. The existing economic 
buffers and the banks’ reserves can only mitigate the pandemic conditions for 
a limited period. The pandemic has led to severe cutbacks in many areas of soci-
ety, some of which have had to be buffered by financial aid from the government. 
However, the consequences of the pandemic would have been even more severe 
without government support and would subsequently require further assistance, 
as unemployment, for example, would increase. This (financial) aid also resulted 
in an increase in public debt in Germany (Tokarski, Wiedmann, 2021, 1).

The research results clearly show that most German banks  – from the experts’ 
point of view  – still prefer a cautious approach to using the easing measures. The 
risks caused using the facilitation measures have so far tended to be rated by 
the banks as higher than the benefits resulting from the implementation of the 
measures. The questions of whether the facilitation measures have a benefit for 
the banks and whether they help them overcome the challenges associated with 
the pandemic can therefore not be answered in general. The measures are partly 
criticised because they were introduced at a  very early stage of the COVID-19 
pandemic and have hardly had any effect to date. In addition, uncertainty is very 
high due to the lack of a time frame for the validity of the measures when they 
were implemented.

6.	 Critical concluding remarks

In addition to the challenges posed by the COVID-19 pandemic, banks also 
must meet high regulatory requirements stemming from many different super-
visory regulations. In particular, the implementation of the final regulations 
from Basel III are associated with a high implementation effort for many banks. 
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Especially small banks are confronted with problems in this context, as the new 
requirements often cause a high need of labour that can hardly be managed with 
the existing personnel capacities. The high requirements are mainly the result 
of the last financial and economic crisis of 2007 onwards, which revealed weak-
nesses in the financial system. To be able to continue to guarantee a functioning 
financial industry and sufficient provision of credit to private individuals and 
businesses, the regulatory authorities have decided on and implemented various 
easing measures in the context of the COVID-19 pandemic.

The facilitations that have been made include extensive measures, which, 
however, have so far had little effect in the context of day-to-day operations in 
the banks. For example, the reduction of capital buffers built up for times of 
crisis is a  controversial topic of discussion. Since bank portfolios have hardly 
been affected by the effects of the crisis so far, these measures cannot yet unfold 
their full effect. The banks are acting cautiously here to be prepared for possible 
future credit defaults. The tension between the high regulatory requirements, on 
the one hand, and the mandate of the government to the banks to grant loans 
as quickly and flexibly as possible during the pandemic, on the other hand, may 
lead to an excessive use of easing measures. However, since defaults in their credit 
portfolios as well as violations of the regulatory requirements for due diligence 
can lead to increased capital requirements, banks are still cautious about using 
the facilitations that have been provided regarding capital buffers.

In contrast, the scope regarding operational facilitation is much more ex-
tensive. However, the past has demonstrated that, for example, the removal of 
market and follow-up regulations can lead to high operating losses. The banks 
must therefore compare the costs of a possible risk with the benefits of the mea-
sures taken. The banks’ increased need for information is also important in this 
context. The additional workload that arises can lead to a high burden or even 
an overload of their back office. The possibility of compensating for crisis-related 
staff shortages in this context gives the banks security, regardless of the actual use.

Payment moratoria are a good opportunity for banks to help their clients who 
have experienced liquidity bottlenecks due to the crisis. However, whether the 
moratoria are more useful and helpful than individually agreed deferral measures 
remains questionable. In particular, the suspension of default covenants that comes 
with the deferrals can be a great advantage for banks. At the same time, however, 
it should be noted that the existing uncertainty about the informative value of 
the economic documents as well as the suspension of the insolvency obligation 
make it difficult to recognise actual defaults. This is because the resulting risks 
in the bank balance sheets can unfold almost completely undetected. Only the 
COVID-19 reporting system can provide the supervisory authority with an indica-
tion of the development in a bank’s balance sheet.
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As to whether the timing of the introduction of the facilitations was reason-
able or not is difficult to answer at this point, as comparable situations have not 
yet occurred in the past. Generally, the measures are to be seen as a step in the 
right direction. At the same time, however, they can also pose a great risk. This 
is especially true if the use of the measures means that already existing structural 
problems of a bank continue to remain undetected and thus possibly worsen 
undetectably.

These measures do have a signalling effect on the financial industry. How-
ever, the extent to which the measures can mitigate the full effects of the crisis 
once they are felt in the balance sheets of companies and once there are more 
defaults in the future cannot be conclusively clarified at this point. Fortunately, 
due to government assistance and well-positioned companies, only a  few bor-
rowers have been negatively affected so far. However, due to the measures of 
payment moratoria and the resulting removal of the assignment to default status, 
it is currently unclear how high the actual risks are. The caution that banks are 
currently exercising in taking advantage of the measures, however, speaks for 
a predominantly good risk management. Especially with regard to their equity 
capital, the banks have been able to build up sufficient capital buffers in recent 
years, so that in most cases it is currently not necessary to fall short on the capital 
buffer requirements.

If the massive increase in risk provisioning forecast occurs, a reduction of the 
capital situation in the entire banking industry must be expected to be able to 
cover the resulting defaults. It is therefore important that the measures will still 
be valid at this time, so that their intended effect can fully unfold.
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Summary

The COVID-19 pandemic was a challenge for all aspects of life. Besides others, this includes 
health and social life as well as the overall state of the economy. To contain the spread of the 
coronavirus, governments throughout the world imposed temporary closures (lockdowns). The 
banking industry was affected by these lockdowns in multiple ways. To mitigate the potential 
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negative impact of the COVID-19 pandemic on banks, the national and international supervi-
sory authorities passed comprehensive measures. The aim of this paper is to highlight the main 
regulatory facilitations for German banks by focussing on measures regarding capital buffers 
and the operating areas of banks. Besides this, an expert study was conducted to analyse how 
the measures are perceived by German banks and to develop recommendations for action. 
The results of the study show that the measures have mainly had a signalling effect on banks. 
However, measures like the easing of capital requirements are also related to higher risks for 
the banks. The results illustrate that most banks have hesitated in taking these additional risks 
if they can avoid them, with other measures like general moratoria on payments considered 
helpful. Overall, the results demonstrated that the experts prefer a cautious approach to using 
the easing measures. 
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1.	 Introduction 

Numerous studies have investigated the impact of infrastructure on the 
economy (Holmgren, Merkel, 2017). The findings suggest that infrastructure has 
a positive impact on economic growth (Khan et al., 2020). In particular, infra-
structure lowers the cost of the input factors of the production process (Agénor, 
Moreno-Dodson, 2006) and affects both employment and economic growth 
(Bristow, Nellthorp, 2000). Additionally, infrastructure enhances the quality of 
life of a society (Baldwin, Dixon, 2008).

Investments in transport infrastructure have also been investigated. Cigu et al. 
(2019) argued the unidirectional long-run causality relationship among growth, 
transport infrastructure, and public sector performance in the EU-28 countries. In 
a similar line, Gherghina et al. (2018) found that road, inland waterway, maritime, 
and air transport infrastructures positively influenced the gross domestic prod-
uct per capita (GDPC) in the EU-28 countries during the period of 1990–2016. 
Meersman and Nazemzadeh (2017) reported that the lengths of motorways, the 
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rail network, and investments in the port infrastructure had a positive impact 
on Belgium’s GDP per capita. The contribution of the transport infrastructure 
to regional economic growth could also be observed in Korea during the period 
of 2000–2010 (Lee, Yoo, 2016) as well as China during the period of 2007–2015 
(Ke et al., 2020). Mentolio and Solé-Ollé (2009) reported that public investment 
in the transport infrastructure positively affects the productivity of a region. Ac-
cording to Zou et al. (2008), public investment in road construction in poor areas 
significantly impact growth and poverty alleviation. The relationship between 
a transport infrastructure and economic development can be observed in develop-
ing countries as well. Based on studies that were undertaken in Sub‑Saharan and 
South Asian countries, Quium (2019) argued that the development of transport 
infrastructures can have significant positive impacts on economic growth as well 
as on poverty alleviation, employment, equity, and inclusion. In their long-term 
studies (including the period of 1971–2017), Alam et al. (2020) found a  long-
running and causal relationship between transport infrastructure and economic 
development in Pakistan. Myszczyszyn and Mickiewicz (2020) investigated Ger-
many’s economic growth between 1872 and 1913; they found that railways had 
positively affected economic growth; in parallel, high economic growth influenced 
the development of transport.

In Poland, a significant development in the transport infrastructure is planned. 
In particular, the development of a rail network that links the newly planned air-
port (the Solidarity Transport Hub, which is located in the central part of Po-
land) with the largest cities around the country (Stryhunivska et al., 2020). One 
of the considered technologies is a  vacuum tube high-speed train (known as 
a Hyperloop) (Białas et al., 2020). The main element of this concept is a tube 
that contains air at a reduced pressure (close to a vacuum). The vehicles moving 
inside the tube can reach speeds of 1,200 km/h. The vacuum tube high-speed 
train technology would enable the journey time to be shortened; for example, 
a journey between Stockholm and Helsinki (ca. 500 km) would take approximately 
28 minutes (KPMG, 2016). The Hyperloop is a promising idea that aspires to 
become the “fifth mode of transport” (the other modes are cars, planes, trains, 
and ships) that can be used in both passenger and cargo transport. However, 
this innovative means of transportation is at its early stage of development. The 
existing solutions (including tubes) are prototypes that are designed to test the 
proposed solutions. To date, several feasibility studies have been published 
around the world (for example, these pertain to projects in the United States 
[in the Great Lakes region as well as in California], the UAE [Abu Dhabi], and 
China [Tongren]). Among these, there is one that refers to Central Europe (that 
analyzes transportation issues that are related to potential routes linking Vienna, 
Bratislava, Budapest, Brno, Linz, and Graz [Schodl et al., 2018]). Additionally, 
the determinants of vacuum tube high-speed train development in Poland have 
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been analyzed with technology roadmapping (Duda et  al., 2021). Despite the 
many unanswered questions related to the Hyperloop technology, it is obvious 
that the Hyperloop infrastructure (in particular, the tubes) will require extraordi-
nary investments. Among the questions associated with Hyperloop infrastructure 
investment decisions are the following:

 –	 What will be the impact of a Hyperloop investment on a country’s economy?
 –	 Which tube technology (tunnels versus trestles) will impact the economy to 

a greater extent?
 –	 Which particular industries will benefit the most from the investments (in 

total, and dependent on the construction technology)?

The impact of high-speed rail (HSR) on the development of an economy 
and society has been the subject of numerous studies (e.g., Diao, 2018; Yu et al., 
2018; Chen, 2019). These studies pertain to regional development (e.g., Li et al., 
2020), strengthening social cohesion (e.g., Naranjo Gómez, 2016), and the growth 
of the tourism industry (e.g., Yin et al., 2019). The negative impact of HSR on 
the environment is also indicated, along with the methods of its reduction (e.g., 
Chang et al., 2018). Wang et al. (2018) found that the introduction of HSR leads 
to a significant increase in city-level housing prices. Hromadka et al. (2020) pre-
sented annual impacts of the subcategories of HSR infrastructure (such as railway 
stations) in the socio-economic context.

To assess the impact of HSR, researchers employ different tools and meth-
ods. These include a dynamic and spatial computable general equilibrium (CGE) 
modeling framework (Chen, 2019), an aggregate growth-modeling and causality 
test (Meersman, Nazemzadeh, 2017), a Granger causality test (Alam et al., 2020), 
the auto regressive distributed lag (ARDL) (Muvawala et al., 2020) and vector-
‑autoregressive models (VAR), which include the error correction model (ECM) and 
long-term relationship research (Myszczyszyn, Mickiewicz, 2020), and a sensitivity 
analysis (to estimate the efficiency and quality of the HRS services) (Moyano et al., 
2019). To identify the associations among the highway and railway transports 
and the regional economy, Sun et al. (2018) employed the Lotka-Volterra model. 
Hromadka et  al. (2020) used the cost-benefit analysis method to evaluate the 
socioeconomic impacts of occurrences that emerge from a railway infrastructure.

The aim of this paper is to specify the multiplier effects that are induced in 
the national economy in reference to the construction of Hyperloop lines 
in  Poland using tunnel and trestle technology. In particular, we calculate the 
added value and employment growth for several industries that will contribute 
to the construction process. Additionally, this paper intends to indicate those 
industries that would benefit the most as well as the construction technology 
(tunnels versus viaducts) that would have the greatest impact on the economy. 
We employ an input-output (IO) analysis and the study is based on detailed data 



116

Łukasz Lach, Marcin Suder, Rafał Kusa, Joanna Duda

from 77 industrial sectors. The scope of the study, its methodology, and the re-
sults made this study original in the Polish context as well as for Central Eastern 
Europe; such a study (investigating the impact of a Hyperloop on the economy) 
is among the first attempts in this part of Europe. This study offers theoretical 
and managerial implications.

The remainder of the paper is as follows. First, the methodology for calcu-
lating the multiplier effects is presented. Second, possible routes are described, 
along with their accompanying costs. Third, the results are showed and discussed. 
Finally, the study’s implications and limitations are discussed, and recommenda-
tions for future studies are proposed. 

2. Calculating multiplier effects

In order to determine the possible multiplier effects in the Polish economy 
that will likely result from the construction of a new transport connection using 
Hyperloop technology, three types of input-output (IO) multipliers were calcu-
lated by using the linear static demand-driven Leontief IO model (Lach, 2020). In 
addition to computable general equilibrium (CGE) modeling, IO analysis remains 
a leading tool that was used in previous reports on the analysis of the economic 
effects of high-speed railway construction in other countries (Lee et al., 2018). 

From a formal point of view, IO multipliers can be understood as interindustry 
multipliers. In general, such multipliers describe the sectoral impact of changing 
a particular economic category in one branch on all of the other branches in an 
economy (Tomaszewicz, 1983; Przybyliński, 2012). This idea often supports the 
economic policies of governments, as it allows for testing the direct and indirect 
sectoral impact of stimulating specific branches or making particular investments 
(e.g., the construction of a new factory will also increase the number of jobs in 
the factory’s suppliers, increase the demand on particular services, etc.). Although 
70 years have passed since the Leontief IO model was formulated, its modifica-
tions and extensions are still emerging; the applicability and interpretation of IO 
multipliers continues to be the subject of a lively scientific debate (Lach, 2020).

The empirical calculations that were carried out for this study were based on 
the assumption that the structure of the interindustry links in the Polish economy 
is described by the most recent input-output table at basic prices for domestic 
output that were published in 2019 by the Central Statistical Office of Poland 
(CSO)1. This table gives the possibility of calculating material cost coefficients 

	 1	The most recent IO table is based on 2015 data  – for details, visit https://stat.gov.pl/en/topics/
national-accounts/annual-national-accounts/input-output-table-at-basic-prices-in-2015,5,3.html.
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that express the share of the costs of domestic raw materials and materials in the 
overall production costs of the products that are manufactured in the country.

In the further parts of this paper, we will follow the usual notation in the IO 
literature; therefore, the matrices will be indicated by bold capital letters, the vec-
tors by bold lowercase letters, and the scalars by italicized capital and lowercase 
letters. Transposition will be indicated by a prime symbol, and a circumflex will 
denote a diagonal matrix (for example, x^ has elements of vector x on the main 
diagonal, and x^-1 denotes a diagonal matrix with the inverses of the elements of 
nonzero vector x on the main diagonal).

Before deriving the basic linear form of the static Leontief model, one should 
recall the typical setting and assume that the economy under study consists of n 
productive sectors and that the respective data is available for year t. Let xi

t also 
denote the output of sector i and fi

t stand for the total final demand for sector i’s 
product for period t2. Under this notation one may write a basic balance condition 
that explains the distribution of sector i’s product through sales to all sectors in 
the economy and to final demand (Miller and Blair, 2009; Lach, 2020)
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and i denotes an n × 1 vector of 1’s3. Static IO analysis is based on the funda-
mental assumption that the interindustry flows from sector i to sector j during 
period t depend entirely on the output of sector j for the same time period. This 

	 2	Throughout this paper, we will use the terms ‘period’ and ‘year’ interchangeably to denote the 
time interval of interest.

	 3	For each sector i, final demand  fi
t is the sum of the final consumption expenditure by households, 

the final consumption expenditure by non-profit organizations serving households (NPISH), the final 
consumption expenditure by the government, the gross fixed capital formation, and the changes 
in inventories and valuables.
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assumption makes room for deriving the following definition of the so-called 
‘technical coefficients’ (Miller and Blair, 2009; Lach, 2020)4

	 a
z

xij
t ij

t

j
t= 	 (4)

where i j n, ,...,=1 . The coefficients given in (4) measure the fixed relationships 
between a sector’s j output and its inputs. Thus, production in a Leontief system 
operates under what is known as constant returns to scale, as the economies 
of scale in production are ignored (Miller and Blair, 2009). For example, if sec-
tor i stands for a sector of services and sector j stands for the automotive sector, 
aij

t  represents the ratio of the value of the services bought by automotive producers 
during year t to the value of the automotive production of year t (Lach, 2020). 

After combining the technical coefficients that are defined in (5) across all 
possible flows in an n-sector economy, one can obtain the following matrix formula
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The usual terminology in the IO literature is to interchangeably refer to matrix  
A t as the ‘input matrix’ or ‘technology matrix.’ Using (5), we may rewrite the set 
of accounting relationships in (2) in the following form

	 x A x ft t t t= + 	 (7)

or equivalently

	 I A x f−( ) =t t t 	 (8)

where I is an n × n identity matrix. The Leontief model given in (7) allows one 
to explicitly study the dependence of the interindustry flows on the outputs of 
each sector. 

However, a different question is usually the case in practical applications of 
the static Leontief model; i.e., given the forecasts of the demands of the exogenous 
sectors (ft), find the output from each of the (xt) sectors that are necessary to 

	 4	In the input-output literature, the terms ‘input-output coefficient’ and ‘direct input coefficient’ are 
used interchangeably.
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meet these forecasted final demands. Under the assumption that (I - At)
-1 exists, 

this question may easily be answered by using the following formula

	 x I A f L ft t t t t= − =−( ) 1 	 (9)

where matrix L I At t ij
tl i j n= − = = 

−( ) , , ,...,1 1  is called the ‘Leontief inverse.’ 
Formula (9) explains why the model under consideration is called ‘demand-
‑driven’  – this follows from the fact that the interindustry relationships in a given 
economy are analyzed from a demand-driven perspective, as ft is exogenous and 
x t is endogenous in (9). In this case, the Leontief inverse relates the sectoral gross 
outputs to the amount of the final product (final demand)  – that is, to a unit of 
the product that leaves the interindustry system at the end of the process (Panek, 
2003; Miller and Blair, 2009). In order to shed more light on the interpretation of 
the elements of the Leontief inverse, let ft s

tf s n= = , ,...,1  correspond to a unit 
of final demand in sector j during period t; i.e.,

	 f
s j

s js
t =

=
≠





1

0

,

,

if

if
 	 (10)

Model (9) implies that the vector of production that is required to satisfy the 
demand ft (i.e., x L ft t t s

tx s n= = = , ,...,1 ) is equal to the j-th column in matrix Lt. 
Therefore, lij

t  represents the production of good i; i.e., xi
t, which is directly and 

indirectly needed for each unit of the final demand of good j (Lach, 2020).
Using Formula (9), only the output multipliers can be directly determined; 

however, the values of these multipliers can serve as a starting point for the cal-
culation of the multipliers that describe the impact of a change in final demand 
on many types of clearly interpretable economic and non-economic indices. For 
this purpose, one uses the so-called ‘generalized demand-driven Leontief model’ 
given by the following formula

	 et = pp̂tLtft	 (11)

where the following occur:
e t i

te i n= = , ,...,1  stands for the vector of factor production/use; i.e., ei
t stands 

for sector i’s production (or use) of a given type of factor during period t (e.g., 
the number of people employed, the generated income, etc.);

pp̂t
= = p i

t i n, ,...,1  is a vector of direct sectoral coefficients; i.e., pi
t denotes 

sector i’s direct coefficient that expresses the ratio of production (or use) of 
a given type of factor in sector i during period t (e.g., the number of people em-
ployed, income, etc.) per unit of output in sector i during period t; technically, 
e xi

t
i
t

i
t= p  for i = 1, ..., n.
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What is worth emphasizing is the fact that Model (11) is extremely versatile, 
as it can be employed to analyze any phenomenon that results from conducting 
a given economic activity. These phenomena include effects that are of a strictly 
economic nature (like imports, employment, or labor productivity) as well as 
phenomena with purely social and ecological dimensions (Przybyliński, 2012; 
Lach, 2020, 2021). In practical applications, it is commonly assumed that the 
input matrix defined in (5) as well as the vector of direct coefficients defined 
in (11) are both stable in the short run5. Thus, if one assumes that A A At t0 1

= = ,  
ppt0

 = ppt1
 = pp for initial period t0 and final period t1 the linearity of Model (11) 

implies the following

	 De = pp̂LDf 	 (12)

where

D De e e= − = =t t i i n
1 0

1[ , ,..., ]e ,

L = − −( )I A 1,

Df = −f ft t1 0
.

Model (12) allows one to assess the impact of a change in final demand be-
tween t0 and t1 (i.e., Df ) on the sectoral distribution of the production (or use) of 
a given type of factor (i.e., De); e.g., this allows one to track any sectoral changes in 
the number of employees due to a specific change in sectoral final consumption.

3.	 Planning a Hyperloop system in Poland

3.1. Description of possible routes 

As previously mentioned, one of the key elements of the ongoing “Potential 
for the development and implementation of vacuum tube high-speed train tech-
nology in Poland in the social, technical, economic and legal context” research 
project is an examination of various hypothetical Hyperloop routes for connect-
ing the largest cities in Poland with the STH. The main goal of the STH will be to 
integrate all air, rail, and road transport in Poland. Figure 1 shows a diagram of 
the planned connections between the STH and four Polish cities; namely, Warsaw, 
Lodz, Krakow and Katowice. 

	 5	Cf. Carter (1970); Pan (2006); Gurgul and Lach (2018, 2019a, 2019b); Lach (2020).
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Figure 1. Hypothetical Hyperloop tracks in Poland

source: own elaboration

Different variants (which differ in their construction technology [tunnel and 
trestle]) are analyzed in reference to each route. Table 1 presents the length of 
each route (including its variants) while indicating the lengths of the tunnels 
and trestles. In some cases, the proportion between the lengths of the tunnels and 
trestles vary significantly.

One of the selection criteria was to ensure that there will be a significant 
demand for using the proposed routes by passengers. In addition to being 
able to transport people from the largest Polish cities to the planned STH, the 
routes that connect Lodz and Warsaw to the STH will also provide more than 
a 100-km-long direct connection between these two largest agglomerations in 
Poland. Finally, much longer hypothetical Hyperloop routes were also exam-
ined in order to conduct a complete analysis of the possibilities of constructing 
a Hyperloop system in Poland; i.e., the possibility of constructing a Hyperloop 
system that connects the STH with slightly smaller cities and agglomerations 
such as Krakow and Katowice was additionally discussed. This could function 
as a general pre-feasibility study.
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Table 1

Examined variants of Hyperloop lines in Poland

Connection Variant
Lengths

of trestles 
[km]

Lengths
of tunnels 

[km]

Total lengths
of routes 

[km]

STH-Warsaw
1 14.55 21.36 35.91

2 14.55 21.10 35.65

STH-Lodz

1 24.77 58.43 83.20

2 24.77 65.26 90.03

3 49.31 37.88 87.19

4 49.31 44.71 94.02

STH-Krakow

1 242.01 47.10 289.12

2 242.01 55.43 297.44

3 220.49 34.37 254.86

STH-Katowice
1 205.40 30.99 236.39

2 223.98 30.99 254.97

Environmental measures were also included in the process of route-planning. 
In particular, efforts were made to avoid forests, rivers, and large concentrations 
of people as much as possible. In the surroundings of each city, it was decided 
to run routes only in tunnels under the surface of the earth. An important as-
sumption was to avoid interfering with the surroundings while at the same time 
optimizing the routes so that none of the curvatures would result in lowering 
the Hyperloop’s speed limits. 

3.2.	 Cost analysis

In this study, our analysis of the impact of Hyperloop construction on the 
national economy focuses on examining the costs of the route itself without 
the infrastructure or capsules6. Since the planned Hyperloop routes are partly 
designed to run on trestles and partly through tunnels, the total construction cost 
is determined by the costs of the construction of these two particular transport 

	 6	According to our calculations, the cost of the Hyperloop capsules is only about 3–5% of the total 
cost of the construction of the Hyperloop routes and, thus, was not taken into account in this 
analysis.
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structures. Table 2 provides information on the construction cost of 10 km of 
trestles and tunnels, along with information on the share of imports in these costs7.

Table 2

Average construction costs of 10 km of Hyperloop trestle and tunnel infrastructure 
in Poland

Type of 
Hyperloop 

construction

Total cost
(at basic prices) 

[€]

Share of goods and 
imported services 

in total cost
[%]

Change in final demand 
(excluding imported goods 

for final consumption)
[€]

Trestle 695,118,658 16.20 582,509,436

Tunnel 689,565,846 29.06 489,178,011

As mentioned in Section 1, it is of particular importance from the point of 
view of the analysis carried out in this study that the costs that are reported in 
Table 2 are broken down into different sections of the Polish Classification of 
Activities and that the share of the planned imports is also estimated. Table 3 
presents the respective details.

Table 3

Sectoral distribution of average costs of building Hyperloop trestles and tunnels  
in Poland with breakdown of domestic and imported goods8

Sector
(according to Polish Classification 

of Activities 2008)

Trestle construction 
cost

Tunnel construction 
cost

Share
of domes-
tic goods

[%]

Share
of import-
ed goods

[%]

Share
of domes-
tic goods

[%]

Share
of import-
ed goods

[%]

Crude petroleum and natural gas; 
metal ores; other mining and quarry-
ing products

1.07 0.00 24.77 0.00

	 7	Data on the change in final demand (Tabs 1 and 2) as well as the sectoral distribution of the change 
in final demand (not including final imported goods) on all of the Hyperloop routes analyzed in 
this study have been provided by the Polish YLE Engineers design office (http://www.yle.com.pl/).

	 8	The distribution of the change in final demand includes those sections for which the change was 
more than 0.1%. There were 12 such sections out of the 77 sectors listed in Polish Classification 
of Goods and Services 2008 (https://stat.gov.pl/en/metainformations/classifications/#Polish%20
Classification%20of%20Activities%20(PKD)).

http://www.yle.com.pl/
https://stat.gov.pl/en/metainformations/classifications/#Polish Classification of Activities (PKD)
https://stat.gov.pl/en/metainformations/classifications/#Polish Classification of Activities (PKD)
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Sector
(according to Polish Classification 

of Activities 2008)

Trestle construction 
cost

Tunnel construction 
cost

Share
of domes-
tic goods

[%]

Share
of import-
ed goods

[%]

Share
of domes-
tic goods

[%]

Share
of import-
ed goods

[%]

Chemicals and chemical products 0.24 0.00 0.53 2.13

Basic metals 0.56 15.48 0.00 0.00

Machinery and equipment n.e.c. 0.77 0.59 0.23 1.82

Electricity, gas, steam, and air condi-
tioning

0.22 0.00 0.25 0.00

Construction and construction work 77.10 0.00 42.17 24.87

Land and pipeline transport services 1.29 0.00 1.18 0.00

Accommodation services 0.22 0.00 0.21 0.00

Telecommunication services 1.51 0.00 0.75 0.00

Legal and accounting services 0.22 0.00 0.21 0.00

Architectural and engineering ser-
vices; technical testing and analysis 
services

0.31 0.00 0.31 0.00

Scientific research and development 
services

0.30 0.13 0.34 0.22

Total 83.80 16.20 70.96 29.04

When analyzing the data in Table 3, one should pay attention to the fact that 
imports account for a fairly significant share of the overall construction costs of 
both Hyperloop transport structures. For the trestles, the costs of the imported 
goods and services represents more than 16% of the total cost. In the case of 
trestles, the high value of imports is likely due to the need to use steel in their 
construction. In Poland, the steel industry has all but disappeared over the last 
couple of years. Steel is mainly imported from Ukraine, Luxembourg, and the 
Czech Republic. This does not mean that one cannot produce steel in Poland, 
but the decisions to import steel are mainly driven by purely economic aspects 
(as imported steel is much cheaper).

Table 3 cont.
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In the case of tunnel construction, the share of imported goods and services 
is almost 13 percentage points higher than for trestles. This value is mainly due 
to the need to use suitable machines. Tunnel-building machines (TBM) play 
an important role in the construction of tunnels (recall the significant share of 
imported goods in the case of the Machinery and equipment sector in Table 3), 
which are rather technologically advanced and are produced only by companies 
in a  few countries around the world (including China, Turkey, South Korea, 
Germany, Italy, Australia, and Japan). The prices of these machines are very high 
because they are based on highly specialized and unique technology.

Tunneling is not only about specialized machines but also about the logistics 
of operating such machines and equipment; hence, one may note the high value 
of imports in the Construction and construction work sector. Thus, building 
a Hyperloop system requires the labor input of specialized staff to operate the 
machines that are used for tunneling. 

In the process of constructing Hyperloop tunnels, so-called construction 
chemicals (the Chemicals and chemical products sector) play a major role, as 
they are a key element regarding the use of sealant. The high value of imports in 
the case of the Chemicals and chemical products sector is due to the fact that 
the majority of chemical companies in Poland are rather engaged in importing 
and selling construction chemicals rather than producing them. This is mainly 
because of the fact that meeting the very high quality standards of producing 
building chemicals is difficult and costly. 

Another important requirement in the process of constructing tunnels is 
designing and providing development services; hence, the Scientific research and 
development services sector was also included in Table 3. In this respect, Poland 
has very limited experience with individual projects. This limited experience is 
due to the simple fact that only few high-tech projects have been implemented 
to date in Poland. It is worth noting, however, that the central authorities’ plans 
include the need for initiating a number of further tasks of this type, which is 
likely to result in an increase in the national competencies in this area.

4.	 Empirical results

In order to simulate the reaction of the national economy to the change in 
total final demand that is triggered by a particular investment, final demand for 
imported products should be excluded from the overall cost of the investment 
(Przybyliński, 2012). Similarly, constructing an input matrix in such a case implies 
the need for using an interindustry flow table with imports excluded; that is, us-
ing an IO table that only describes the flows of domestic goods. 
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Taking both of these facts into account, the following statistics were used in 
further parts of this study:

−	A  – domestic input matrix in Poland (i.e., with imports excluded) cover-
ing 76 sectors9 of the economy according to Polish Classification of Goods 
and Services 2008 (the most recent IO table is based on 2015 data and was 
published in CSO [2019]);

−	Df  – vector of change in final demand due to the particular transport invest-
ment (e.g., building a Hyperloop system) covering only domestic products 
(the initial value is the vector of final demand published in the input-output 
table for domestic production in Poland in CSO [2019]);

−	pp  – vector of direct coefficients defined in two ways:
•	 number of people employed in sectors of Polish economy (data for 2015 

taken from CSO [2016]) per unit of output (data retrieved from input-
output table for domestic production in 2015 [CSO, 2019]),

•	 vector of sectoral value added per unit of output (data retrieved from 
input-output table for domestic production in 2015 [CSO, 2019]).

Table 4 shows the established sectoral distribution of the change in final de-
mand in the Polish economy (without imported final goods and services) implied 
by the construction of Hyperloop trestles and tunnels. From a formal point of 
view, this table allows one to obtain vector Df in Model (12)10 and then determine 
the multiplier effects for the three examined policy goal variables. 

Table 4

Sectoral distribution of change in final demand  
(without imported final goods and services)  

caused by construction of Hyperloop trestles and tunnels in Poland

Sector (according to Polish Classification of Activities 2008)
Trestles 

[%]
Tunnels 

[%]

Crude petroleum and natural gas; metal ores; other mining 
and quarrying products

1.28 34.92

Chemicals and chemical products 0.29 0.75

	 9	In general, the national IO table published by the CSO (2019) is of a size of 77 × 77. However, 
there were no inflows and no outflows in the case of the Private Households with Employed People 
sector. Thus, we excluded this sector from the empirical analysis and focused on an IO table of 
a size of 76 × 76.

	10	To obtain vector Df in Model (12) for a particular Hyperloop track, one should split the total cost 
of the construction (Tab. 2) into trestle- and tunnel-related components and then multiply each of 
these components by the respective vector of sectoral distribution of the change in final demand 
(without imported final goods and services) given in Table 4.
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Basic metals 0.67 0.00

Machinery and equipment n.e.c. 0.91 0.33

Electricity, gas, steam, and air conditioning 0.26 0.35

Construction and construction work 92.00 59.45

Land and pipeline transport services 1.54 1.66

Accommodation services 0.26 0.30

Telecommunication services 1.80 1.05

Legal and accounting services 0.26 0.30

Architectural and engineering services; technical testing and 
analysis services

0.37 0.44

Scientific research and development services 0.36 0.45

Table 5 presents the aggregate multiplier effects (calculated by using the 
methodology described in Section 1) implied by the construction of 10 kilometers 
of trestles and 10 kilometers of tunnels regarding the Hyperloop technology in 
Poland11.

Table 5

Aggregate change in output, value added, and number of employees in Polish economy 
implied by construction of 10-km-long Hyperloop trestles and tunnels in Poland  

(source: own elaboration)

Type of Hyperloop 
construction

Output 
[mln €]

Number 
of employees

[no. of people]

Value added
[mln €]

Trestle 1,114.345 13,481 449.931

Tunnel 874.693 10,666 372.468

	11	Since IO analysis remains one of the few analytical tools that does not explicitly present error 
bounds in data tables (Lach, 2020), a sensitivity analysis of the empirical results that were obtained 
in this study was additionally carried out. Simply put  – for each examined IO model, the validation 
procedure consisted of independently drawing 5,000 input matrices from a uniform distribution 
that was centered on the actual input matrix (i.e., based on the data published by the CSO) with 
symmetrical ±5% bounds on any possible coefficient change and then constructing the IO models 
on the basis of the resampled input matrices. Since the empirical confidence intervals for all of 
the multiplier effects turned out to be extremely narrow, we have not reported the results of the 
sensitivity analysis in detail. These supplemental results are available from the authors upon request. 

Table 4 cont.
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As can be seen in Table 5, the aggregate multiplier effects implied in the Pol-
ish economy by the construction of 10 km of the two selected types of transport 
structures are higher in the case of the construction of a Hyperloop trestle than 
that of a tunnel. This is the case for the aggregate multiplier effects calculated 
for both the value added and output as well as employment. There is a discern-
ible difference between the output and employment multipliers, however. For 
example, the construction of 10 kilometers of Hyperloop trestles will generate 
nearly 13,500 additional jobs; in the case of tunnel construction, this employ-
ment effect will be about 10,700 new jobs. The analogous difference between the 
global production multipliers is also quite significant (nearly €350 million). On 
the other hand, the (important) indicator of total value added is approximately 
€70 million higher for the construction of a 10-km-long Hyperloop trestle. This 
effect is largely due to the much higher share of imported goods in the total cost 
of building a Hyperloop tunnel in Poland as compared to the construction of 
a Hyperloop trestle.

Table 6 presents the sectoral distribution of output, value added, and num-
ber of employees in the Polish economy that are likely to be generated by the 
construction of 10 km of Hyperloop trestles and tunnels in Poland.

Table 6

Sectoral distribution of output, value added, and number of employees  
in Polish economy implied by construction of 10-km-long Hyperloop trestles and tunnels

Sector 
(according to Polish 

Classification of 
Activities 2008)

Trestle Tunnel

Output
[mln €]

Number 
of em-

ployees 
[no. of 
people]

Value 
added
[mln €]

Output
[mln €]

Number 
of em-

ployees 
[no. of 
people]

Value 
added
[mln €]

Agriculture and hunting 
products

1.165 118 0.396 0.945 96 0.321

Forest management 
products

2.222 43 1.029 1.523 30 0.705

Fish and other fishery 
products

0.010 0 0.005 0.007 0 0.003

Hard and brown coal 2.586 54 1.552 2.099 44 1.260

Crude oil and natural 
gas, metal ores, other 
mining products

17.923 208 8.592 195.336 2265 93.639

Groceries 2.106 20 0.469 1.527 15 0.340
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Drinks 0.582 3 0.169 0.440 2 0.128

Tobacco products 0.010 0 0.006 0.008 0 0.005

Textile goods 0.290 6 0.074 0.217 5 0.056

Clothing 0.263 9 0.137 0.208 7 0.108

Leather and leather 
goods

0.067 2 0.022 0.066 1 0.022

Wood and wood products 13.613 206 4.142 7.760 118 2.361

Paper and paper products 3.179 22 0.916 2.442 17 0.703

Printing and reproduc-
tion services

1.078 19 0.357 0.835 15 0.276

Coke, refined petroleum 
products

12.963 14 1.472 10.944 12 1.243

Chemicals, chemical 
products

8.291 44 2.447 8.419 44 2.485

Medicines and pharma-
ceutical products

0.038 0 0.011 0.036 0 0.010

Rubber and plastic prod-
ucts

27.082 312 7.505 16.164 186 4.479

Products from other non-
metallic raw materials

41.850 498 14.638 23.395 278 8.183

Metals 12.135 56 2.457 4.979 23 1.008

Finished metal products 33.404 491 12.503 19.982 294 7.479

Computers, electronic, 
and optical products

1.021 8 0.168 0.665 5 0.109

Electrical and non- elec-
trical appliances, house-
hold appliances

3.561 29 1.021 2.154 17 0.618

Machines and devices not 
elsewhere classified

7.424 90 2.698 3.594 44 1.306

Motor vehicles, trailers, 
and semi-trailers

2.691 18 0.440 2.560 17 0.419

Other transport equip-
ment

0.480 4 0.168 0.568 5 0.198

Furniture 1.278 24 0.421 0.894 17 0.294

Other products 0.243 5 0.098 0.185 3 0.075

Table 6 cont.
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Sector 
(according to Polish 

Classification of 
Activities 2008)

Trestle Tunnel

Output
[mln €]

Number 
of em-

ployees 
[no. of 
people]

Value 
added
[mln €]

Output
[mln €]

Number 
of em-

ployees 
[no. of 
people]

Value 
added
[mln €]

Repair, maintenance, and 
installation services of 
machines and devices

11.508 139 5.279 11.520 139 5.284

Electricity, gas, steam, 
and hot water

15.056 75 6.594 15.231 76 6.670

Water; water treatment, 
and supply services

1.141 26 0.807 1.003 23 0.710

Waste-related services; 
recovery of raw materials

2.601 23 0.976 1.558 14 0.584

Sewage services; sedi-
ments; remediation 
services

1.492 41 0.960 1.691 47 1.088

Building objects and 
construction work

691.434 7523 269.305 377.276 4105 146.944

Sales of motor vehicles; 
vehicle repair

2.990 63 1.845 2.840 60 1.752

Wholesale trade 33.887 654 17.316 21.095 407 10.780

Retail trade 12.848 367 8.874 9.600 275 6.631

Land and pipeline trans-
port

36.469 554 14.443 35.077 533 13.891

Water and air transport 0.575 1 0.184 0.698 1 0.224

Storage; postal and cou-
rier services

9.008 65 4.241 10.052 72 4.733

Accommodation services 2.875 66 1.446 2.530 58 1.273

Food-related services 1.465 38 0.565 1.054 27 0.407

Services related to pub-
lishing activities

0.639 9 0.283 0.664 9 0.295

Services related to 
production of films, 
television programs, and 
recordings

0.093 1 0.035 0.075 1 0.028

Table 6 cont.
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Related services with 
broadcasting

0.404 3 0.201 0.369 3 0.184

Telecommunication 
services

13.788 74 6.106 7.638 41 3.382

Computer software and 
consultancy services

4.034 64 2.388 2.990 47 1.770

Information services 1.186 21 0.577 0.891 16 0.433

Financial services 7.278 117 4.746 6.375 102 4.158

Insurance services 1.590 9 0.518 1.200 7 0.391

Services auxiliary to 
financial and insurance 
services

0.629 12 0.254 0.451 9 0.182

Related services with real 
estate market services

6.334 37 3.360 5.002 29 2.653

Legal and accounting 
services

6.879 170 4.622 5.948 147 3.997

Management consulting 
services

5.999 104 3.388 4.580 80 2.587

Architectural and engi-
neering services; techni-
cal research and analysis 
services

10.929 188 6.342 8.421 145 4.887

Research and develop-
ment services

2.144 26 1.479 2.253 27 1.555

Advertising services; mar-
ket research and public 
opinion-polling services

7.708 52 3.372 6.369 43 2.786

Other professional, 
scientific, and technical 
services

1.165 21 0.728 1.673 31 1.046

Veterinary services 0.036 1 0.026 0.024 0 0.017

Rent and lease 7.150 29 4.635 6.240 25 4.045

Employment-related 
services

4.053 243 3.045 2.543 152 1.910

Tourism organizer ser-
vices

0.090 1 0.016 0.074 0 0.013

Table 6 cont.
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Sector 
(according to Polish 

Classification of 
Activities 2008)

Trestle Tunnel

Output
[mln €]

Number 
of em-

ployees 
[no. of 
people]

Value 
added
[mln €]

Output
[mln €]

Number 
of em-

ployees 
[no. of 
people]

Value 
added
[mln €]

Detective and security 
services

2.133 114 1.277 1.989 106 1.191

Services related to main-
taining order in premises

0.884 32 0.405 0.755 27 0.346

Office administrative 
services

3.262 52 1.899 4.141 66 2.411

Public administration 
services

0.993 36 0.754 1.247 45 0.947

Education services 0.938 51 0.722 0.771 42 0.593

Healthcare services 0.642 19 0.367 0.505 15 0.289

Social assistance services 0.000 0 0.000 0.000 0 0.000

Cultural and entertain-
ment services

0.067 2 0.036 0.049 1 0.026

Libraries, archives, and 
museums

0.026 3 0.013 0.029 3 0.014

Gaming and betting 
services

0.000 0 0.000 0.000 0 0.000

Sports, entertainment, 
and recreation services

0.140 3 0.059 0.095 2 0.040

Member organization 
services

0.158 17 0.043 0.136 15 0.037

Repair and maintenance 
services for computers 
and household goods

1.351 13 0.994 1.327 13 0.976

Other individual services 0.719 23 0.493 0.693 22 0.473

In general, the empirical results that are presented in Table 6 support the claim 
that there is a discernible difference between the sectoral distributions of the ana-
lyzed multiplier effects that are implied by the construction of Hyperloop trestles 
and tunnels. In the case of the construction of a 10-km-long Hyperloop trestle, 

Table 6 cont.
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the largest sectoral multiplier effects induced in the Polish economy concern the 
Building objects and construction work sector, because this sector accounts for 
50% of the overall induced value added and the additional employment falls on 
this sector. Significant multiplier effects were also achieved (around 3–4%) in the 
case of the following sectors: Products from other non-metallic raw materials, 
Land and pipeline transport, Wholesale trade, Finished metal products.

In the case of tunnel construction, also the greatest multiplier effects (by far) 
were achieved in the case of the Building objects and construction work sector 
in the case of constructing a 10-km-long Hyperloop tunnel. This sector accounts 
for about 40% of the total induced employment and value added. A significant 
share of the overall induced employment and value added (around 20–25%) was 
reported in the case of the Crude oil and natural gas, metal ores, other mining 
products sector.

As the costs of building a 10-km Hyperloop trestle and a 10-km Hyperloop 
tunnel in Poland are very similar, the decision as to whether a particular section 
of a Hyperloop route should be led by a trestle or a tunnel may be based on the 
need to support specific sectors of the economy. Although the multiplier effects 
presented in Table 6 were induced by the construction of 10 kilometers of a Hy-
perloop trestle and 10 kilometers of a Hyperloop tunnel, they straightforwardly 
translate into the total size of these effects that would occur after constructing all 
of the planned Hyperloop routes as well as the variants discussed in this study. 
Table 7 shows the results of the aggregate multiplier effects that would be induced 
by the construction of the Hyperloop routes depicted in Figure 112.

The aggregate multiplier effects that are presented in Table 7 vary significantly 
among the proposed Hyperloop routes. This is mainly related to their lengths; 
however, it is to some extent also related to the type of route (one mainly leading 
along trestles as opposed to one leading mainly through tunnels). Therefore, it 
seems reasonable at this stage to individually compare the variants of the Hyper-
loop routes that connect the STH with a chosen city. In the case of the STH-Warsaw 
connection, the resulting multiplier effects are very similar for both of the exam-
ined variants of the Hyperloop route. In the case of this connection, the number 
of generated new jobs comes to more than 42,000 regardless of the variant of the 
route. On the other hand, the value added that results from the construction of 
these two variants of the Hyperloop route is equal to approximately €1,450 ml. 
Thus, the multiplier effects do not significantly differentiate the proposed variants 
of the Hyperloop route in terms of the impact on the economy in the case of 
this connection. Also, there are no significant differences between the multiplier 

	12	To save space, the sectoral distributions of the connection-specific multiplier effects of all of the 
examined Hyperloop routes are not given in detail. However, these supplemental results are avail-
able from the authors upon request. 
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values that are reported for Route Variants 1 and 2 in Table 7 in the case of the 
route that connects the STH with Katowice.

Table 7

Aggregate change in output, value added, and number of employees  
in the Polish economy induced by construction of Hyperloop routes depicted in Figure 1

Connection
Output
[mln €]

Number
of employees

[no. of people]

Value added
[mln €]

STH-Warsaw (V1) 3,477.95 42,259 1,444.46

STH-Warsaw (V2) 3,458.48 42,024 1,436.19

STH-Lodz (V1) 7,821.20 95,229 3,271.89

STH-Lodz (V2) 8,422.49 102,534 3,525.39

STH-Lodz (V3) 8,677.05 105,443 3,578.28

STH-Lodz (V4) 9,356.34 113,580 3,863.52

STH-Krakow (V1) 30,511.95 369,458 12,409.63

STH-Krakow (V2) 31,432.06 380,950 12,801.62

STH-Krakow (V3) 27,515.45 333,359 11,179.59

STH-Katowice (V1) 25,530.78 309,488 10,370.09

STH-Katowice (V2) 27,188.37 329,603 11,041.81

The discussed dependencies are slightly different in the cases of STH-Lodz and 
STH-Krakow connections. For Variant 1 of the STH-Lodz connection, the number 
of additional employees comes to more than 95,000, and for Variant 4, this effect 
creates 113,000 new jobs (nearly 19% more). Variants 1 and 4 also differ in terms 
of the value added, as the induced value added is more than €3,860 million in 
the case of Variant 4 (which is more than 118% of the corresponding multiplier 
effect that is reported for Variant 1 of STH-Lodz Hyperloop connection). There-
fore, if one assumes that the induced value added is the leading indicator of the 
impact of Hyperloop construction on the national economy, one should decide 
to build Variant 4 of the STH-Lodz connection. Analogously, among the variants 
of Hyperloop routes that connect the STH with Krakow, one can easily identify 
the variant that has the greatest multiplier effects regardless of the chosen policy 
goal variable (i.e., output, value added, new jobs). Namely, the construction of 
Variant 2 of this Hyperloop connection would generate more than 381,000 jobs, 
while in Variant 1 of this particular connection, the number of generated new 
jobs is only approximately 333,000 (which is nearly 50,000 fewer new jobs).
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5.	 Conclusions 

The purpose of this study was to specify the multiplier effects that are po-
tentially induced in the national economy in reference to the construction of 
Hyperloop lines in Poland using tunnel and trestle technologies. Our examination 
focused on the cost of constructing a 10-km-long tunnel as well as a 10-km-long 
trestle. Due to the lower utilization of imported goods, the impact of trestle con-
struction (value-added and employment) is greater than tunnel construction. The 
purpose of the multiplier analysis was not only to determine the overall impact 
of such an investment on the national economy but also to list the sectors of the 
economy that could be expected to experience the greatest stimulation. According 
to the conducted analysis, constructing Hyperloop links in Poland would have the 
greatest stimulating impact on several sectors of the Polish economy, including 
Building objects and construction work, Crude oil and natural gas, metal ores, 
other mining products, Products from other non-metallic raw materials, Finished 
metal products, Land and pipeline transport, and Wholesale trade. Additionally, 
we compared the impact of the construction of tunnels as well as trestles on the 
development of a particular industry. Our results indicated that the costs of both 
technologies are similar; however, the impact of each technology is different 
on particular industries. We also identified those routes (and their construction 
technologies) that are the most efficient in terms of multiplier effects.

Our examination corresponds with numerous studies on the socioeconomic 
impact of transport infrastructure  – especially railway infrastructure (some of these 
are presented in the Introduction section). The results of our study confirm the 
positive impact of investments in transportation infrastructure. The results of our 
study induce other questions and highlight other challenges. For example, the 
construction process will result in an increase in employment; however, we have 
not examined the long-term impact of Hyperloop infrastructure development 
on employment. Our analysis focused on the short-term impact of construction 
investments but the long-term impact of Hyperloop passenger and cargo trans-
portation can be analyzed as well.

This study contributes to the body of literature on transport infrastructure and 
public investments as well as Hyperloop technology development. Additionally, it 
contributes to the econometric methodology by employing input-output analysis 
for forecasting the multiplier effects of constructing a Hyperloop network. This 
study has practical implications for the decision-making process on Hyperloop 
network planning and development in the future. In particular, this study delivers 
indications for decision-makers who will need to decide whether or not to invest 
in technologies that are necessary for the construction of a Hyperloopnetwork 
(which would enable an increase in the multiplier effect of the Hyperloop con-
struction on the economy). 
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When interpreting the obtained empirical results, one cannot forget that the 
input-output table as well as both vectors of the direct coefficients (one related 
to the number of employees, and the other expressing the value added per unit 
of output) were all based on data from 2015. The application of 2015 data in 
constructing short-run forecasts was caused by the lack of availability of more-
recent statistical IO datasets on Poland. In other words, we assumed the short-
term stability of the parameters of IO models in this paper, which is a common 
practice in empirical IO analyses; comp. Carter (1970), Pan (2006), Gurgul and 
Lach (2018, 2019a, 2019b), Lach (2020), etc. 

On the one hand, the linear form of the IO model is a rather far-reaching 
simplification of reality; on the other hand, it ensures an ease of calculation 
and clarity of interpretation of the obtained results. These simplifications are 
mainly caused by equating the average and marginal quantities in the IO model 
(Przybyliński, 2012). What is most important, the interpretation of input-output 
multipliers is based on the assumption that there are capacity reserves in the 
economy under analysis that allow for increasing production accordingly without 
the need for technological progress (Przybyliński, 2012). This assumption is rela-
tively restrictive, as it assumes that there are no supply constraints in the economy 
(Cardenete and Sancho, 2012). To some extent, this issue can be avoided by using 
CGE-class models, which  – among the many advantages  – allow us to introduce 
supply constraints in the equations that describe the production processes (Lach, 
2020). Due to the need to establish the exact values of a very large number of 
hyperparameters as well as a relatively high degree of complexity and sensitivity to 
the choice of the closure (Dietzenbacher et al., 2013), the calibration and correct 
application of CGE-class models does not seem possible at the current stage of 
analytical work on assessing the feasibility and efficiency of a Hyperloop system 
in Poland. In other words, we fully agree with Blanquart and Koning (2017) and 
Lee et al. (2018), who underlined that the linear IO model still seems to be the 
most reliable quantitative tool that is available in the context of forecasting the 
multiplier effects of constructing a Hyperloop infrastructure. 

It should also be underlined that the calculated multiplier effects relate to 
the full period of constructing a Hyperloop system in Poland. As previously men-
tioned, Model (12) assesses the sectoral effects of the change in final demand 
for the sectoral distribution of the production/use of a given factor over a whole 
time period between t0 and t1. The way the particular aggregate multiplier ef-
fect will be distributed over time during period t0 to t1 depends on the actual 
detailed plan of the investments (including the details of a financial schedule). 
Our analysis does not take inflation into account, which can change over time 
and impact our calculations. 
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Our analysis focused on several aspects that are associated with developing 
a Hyperloop infrastructure in Poland. However, some questions remain to be 
answered. One of these relates to a comparison of investments and the impact of 
a Hyperloop on other transportation technologies (e.g., highways and traditional/
high-speed railways) as an alternative for the routes examined in our study. Such 
a comparison would be an important argument in the decision-making process. 
Our results do not reflect the potential profits that may be sourced in licensing 
as well as the sale of construction services abroad. As an additional long-term 
source of income, spin-off technologies are not included in our calculations 
(even though many new solutions may appear along with the development of 
the Hyperloop technology); some of these technologies may be bases for new 
products and markets.

Finally, it should be highlighted that the presented project has not yet been 
implemented (as is true with any other Hyperloop network projects around the 
world; there are only some pieces of testing the infrastructure that have been 
constructed). Moreover, it has not been decided whether the examined infrastruc-
ture within this study will be implemented in the future; however, this analysis 
was triggered by a governmental research project that was focused on Hyperloop 
technology, which suggests that such an investment is under consideration. Thus, 
we can posit that some obstacles and negative consequences may appear. Many of 
these will likely be connected with the technology; for example, there have been 
some safety issues that have not yet been addressed. In the area of socio-economic 
determinants, we need to consider the impact of long-term global economic de-
velopment and economic prosperity; these can affect demand, costs, resources, 
and capital availability. In particular, a potential economic crisis (which is a part 
of any economic reality) could affect public investment; the current COVID-19 
pandemic is a good example. However, we still do not know the scale and scope 
of its impact  – especially in the long term. In this context, the EU recovery plan 
(which is intended to promote environment-friendly solutions) may be a favorable 
factor for the development of technologies such as Hyperloop (for example, as 
an alternative to short- and middle-haul air transportation routes). Consequently, 
the presented analysis may require modifications in the future depending on the 
numerous conditions that can affect the implementation of Hyperloop as a mode 
of transportation.
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Summary

The aim of this paper is to specify the multiplier effects that are induced in the national economy 
in reference to the construction of Hyperloop lines in Poland using tunnel and trestle technology. 
In particular, we calculate the added value and employment growth for several industries that will 
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contribute to the construction process. We use an input-output analysis that enables us to take 
the detailed structure of interindustry linkages in Poland into account. According to our results, 
constructing a Hyperloop infrastructure in Poland would have the greatest stimulating impact 
on several sectors of the Polish economy, including crude oil and natural gas, metal ores, other 
mining products, building objects and construction work, products from other non-metallic raw 
materials, finished metal products, land and pipeline transport, and wholesale trade. However, 
this impact will be affected by the choice of construction technology (tunnel versus trestle). In 
addition, our calculations relate to particular routes of the potential Hyperloop network. This 
study contributes to the body of literature on transport infrastructures and public investments 
as well as Hyperloop technology development. Additionally, it contributes to the econometric 
methodology by employing an input-output analysis for forecasting the multiplier effects of 
constructing a Hyperloop system. This study has practical implications for the decision-making 
process on Hyperloop network development in the future. 

JEL codes: M21, O11, O14, O33, O41, O47, R42

Keywords: vacuum tube high-speed train; Hyperloop; input-output (IO) analysis; economic 
development; technology development; interdisciplinary studies
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