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Abstract  

This study constructs a financial stress index with a specific focus on the case of the 

Czech Republic. The advantage of the index is primarily its ability to measure the 

current level of stress in the financial system incorporating information from various 

sectors of the economy and expressing it in a single-value statistic. Our index 

successfully recorded and evaluated critical periods of elevated financial stress 

especially during the recent financial crisis. Furthermore, we examine a systematic 

interaction between financial stress and the macroeconomics using vector 

autoregression analysis along with method of impulse responses. Based on our results 

we observe a significant and positive response of unemployment due to the shock in 

financial stress. Conversely, a negative effect was examined on inflation and interest 

rates. 

JEL Classification G17, G32 

Keywords financial stress index, vector autoregression, 

impulse responses 

Abstrakt  

Táto štúdia sa zaoberá vytvorením indexu finančného stresu so špecifickým zameraním 

na prípad Českej Republiky. Výhodou indexu je hlavne jeho schopnosť zmerať 

aktuálnu výšku stresu vo finančnom systéme zahrňujúcim rôzne ekonomické sektory 

pričom ho vyjadruje v tvare jednočíselného ukazovateľa. Náš index úspešne 

zaznamenal a vyhodnotil kritické obdobia zvyšeného finančného stresu a to hlavne 

počas nedávnej finačnej krízy. Navyše, v tejto práci skúmame systematické interakcie 

medzi finančným stresom a makroekonomikou pričom využívame vektorovú 

autoregresiu spolu s metódou impulzných odoziev. Na základe naších výsledkov 

pozorujeme výraznú a kladnú reakciu nezamestnanosti pri náhlom náraste finančného 

stresu. Naopak, opačný efekt bol zistený v prípade inflácie a úrokových mier. 

JEL Klasifikácia G17, G32 

Kľúčové slová index finančného stresu, vektorová 

autoregresia, impulzne odozvy 
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1 Introduction 

In response to the global financial crisis, national and international institutions started 

with more intensive monitoring of soundness of the financial system along with 

analysis of potential impacts of the financial stress on the economy. The depth and 

consequences of the crisis has made many supervisory authorities think about a new set 

of various techniques designed to measure potential vulnerability of financial 

institutions. In particular, a strong emphasis was put on research regarding to the 

development of tools measuring risk, uncertainty and mostly their ability to serve as 

early warning indicators. 

The financial crisis uncovered significant deficiencies in the current stress testing 

framework calibration (Blaschke et al., 2001). According to Borio et al. (2012) many 

of these stress testing scenarios were incorrectly configured and therefore wrong results 

were expected, namely that the whole system would remain stable in the case of 

possible adverse shocks. Although stress tests are a standard tool for many institutions 

nowadays, there are concerns about their ability to work as early warning indicators. 

Many deficiencies are connected with construction of feasible scenarios which hold 

particularly for the Central and Eastern European countries such as the Czech Republic 

or Slovakia. The issue of these countries is relatively short time series and possible 

events of structural breaks (Geršl et al., 2012). 

In this thesis we aim to create a measure of financial instability in the form of a financial 

stress indicator. It measures the level of financial stress by incorporating all the 

available information in a given period aggregating them into a single number index. 

A significant advantage of this approach is its substantial simplicity, smooth 

interpretation, simple comparability and especially that it assess financial stress 

development across various sectors of the economy at a given point in time.  

Another advantageous feature of the financial stress index is the fact that it can be 

constructed for a particular case in a given country (Grimaldi, 2010). For instance 

Nelson and Perli (2006) created the financial stress index for the U.S. economy, Illing 

and Liu (2006) developed FSI for Canada or Cardarelli et al. (2009) used FSI to analyse 

periods of financial stress in 17 advanced economies. Currently there are also few 

private institutions using FSI as a measure of stress as for example Bloomberg or the 

OECD that publishes a composite indicator of economy activities for its members. 
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The main focus of this thesis is therefore to analyse economic environment along with 

various internationally applied methodologies and based on current research select 

potential variables including those unexplored in previous research and consequently 

aggregate them to a financial stress index. The motivation is to create an indicator that 

is particularly adjusted for the case of the Czech Republic and with its help to precisely 

identify periods of financial distress. Furthermore, vector autoregression analysis is 

used to examine systematic relations between the financial stress and its impacts on the 

real economy. 

This thesis is organized as follows: The second chapter, Literature review, provides an 

introduction to the concept of financial stress and its impact on the economy followed 

by a brief overview of the Czech financial sector and subsection concerning potential 

risks to financial stability in the Czech Republic. Following section describes historical 

development of financial stress indices with a subsection dedicated especially to FSIs 

in developing countries. Next section introduces and reviews current methodologies 

used to access financial stress in the Czech Republic and the last section of the second 

chapter describes a concept of a single composite financial stress index. 

The methodology chapter describes the source of data used in the paper and the process 

of standardization. Three aggregation methods are presented in the following section, 

namely: equal variance method, quantile transformation based on cumulative 

distribution function and principal component analysis. The end of the chapter is 

devoted to introduction of vector autoregression and method of impulse responses 

along with the description of its theoretical background. 

The following chapter describes the process of construction of the financial stress index 

and the choice of variables dividing them into four sectors. Each variable is commented 

on separately, specifically explaining the way how it was adjusted to acquire stress 

component. A subsection regarding volatility forecasting is included to describe 

methodology used when computing realized volatility as a stress component for PX 

index. In the last section we describe methodology used to compute threshold for 

identification of excessive periods of financial stress. 

Section 5 presents our main findings, firstly comparing all three approaches used to 

aggregate sub-indices choosing the most feasible one followed by a commentary on 

the results and events obtained by the selected FSI. Subsequent vector autoregression 

analysis is applied to describe links between financial stress and the economy.  
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2 Literature review 

2.1 Financial stress and its impact 

Recent financial crisis led to the creation of macro prudential policy institutions 

designed to maintain financial stability with focus to reduce a potential risk of 

instability in the system as a whole. The European Systemic Risk Board (ESRB) along 

with three European supervisory authorities (EBA, ESMA, and EIOPA) completes the 

European System of Financial Supervision (ESFS) that maintains financial stability on 

international level. The role of the Czech National Bank is to ensure that the whole 

financial system (on the national level) is resilient against shocks and thus the risk of 

financial instability is minimized. To achieve this goal CNB as monetary and 

supervisory authority utilizes many instruments such as cooperation with other national 

authorities or communication with the public in the form of financial stability reports. 

CNB periodically monitors and analyses all the areas of financial system (FSR, 2013). 

There are many definitions of financial instability. According to Illing and Liu (2006) 

financial stress is characterized as a disruption of the normal functioning of the market. 

The level of the financial stress is based on the strength of the shock and vulnerability 

of the financial market. 

Figure  2.1: Schematic of financial stress 

 

Source: Illing and Liu (2006) 

Holló et al. (2011) describes financial stress as a level of systemic risk which has 

already materialized. Hendricks et al. (2007) refers to systemic risk as a movement 

from a stable positive equilibrium to an unstable negative equilibrium. 

The Czech National Bank defines financial stability as a state where financial system 

performs without any severe or unwanted impacts on the current or future development 

of the economy. Emphasis is put especially on the system soundness and resilience 
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against potential shocks. Disruption of the financial stability is related not only to 

shocks that may arise externally, from domestic developments of economic policies or 

institutional changes but also due to weak spots inside the economy. Possible 

interactions between external shocks and weakend spots may arise into collapse of 

crucial financial institutions and therefore to failure of the whole financial system 

(FSR, 2013).  

According to Hakkio and Keeton (2009) the main source of financial stress is an 

increase in financial risk. Financial risk has more symptoms, one of the most important 

is uncertainty. Overreaction of investors on arriving new information causes the 

uncertainty about prices to rise, directly affecting the level of volatility of fundamental 

market prices. There is also another type of uncertainty that concerns about the 

behaviour of all the other investors. Other characteristic of financial risk is information 

asymmetry which leads to moral hazard or adverse selection problems causing 

decrease of market prices of assets. 

Hakkio and Keeton (2009) also describes some behavioural reactions of investors 

connected to increase in financial risk. In particular, they mention flight to quality and 

flight to liquidity. Flight to quality can be understood as a rapid change in state to being 

adverse to the risk and therefore lowered willingness to hold risky assets. The fact that 

demand for safer assets (e.g. government bonds) is rising causes that expected return 

is falling and contrary returns on risky assets are rising. It results in widening of spreads 

of expected revenues. Flight to liquidity arises in the period of financial distress when 

investors are unwilling to hold illiquid assets. Impact is similar as before and so the 

spread between liquid and illiquid assets is enlarged. 

It is also necessary to distinguish between financial stress and fragility of financial 

system. According to Illing and Liu (2006) the fragility is described by sensitivity to 

change in financial conditions in the economy. It means that intense change in market 

conditions can make institutions more vulnerable to financial stress. However, Bell and 

Pain (2010) emphasize that fragility of the financial system itself does not have to 

necessarily create financial stress. It is mostly result of interaction between exogenous 

shocks and fragility. 

To sum it up, financial stress is connected with increase of financial risk, volatility and 

spreads between financial assets and on the other hand decrease of market prices and 

liquidity in the economy. 
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2.2 Brief overview of the Czech financial sector 

Banking sector in Czech Republic is typical for its conservative structure of balance 

sheet. The majority of resident deposits are denominated in the local currency 

(approximately 80%), while in other Eastern and Central European countries this ratios 

reaches 50%. In 2011 only 16.5% of total assets were owned by non-bank financial 

institutions, what emphasizes the fact that Czech financial system is mostly bank based 

(Moghadam and Viñals, 2012). Equity market on the other hand has been playing a 

relatively negligible role in the Czech economy. Good illustration is depicted in the 

Figure 2.2 where we can see comparison with other European countries. 

Figure  2.2: Comparison of equity (left) and trade volumes (right) 

 

Source: Rusnok (2014) 

Another peculiarity of the Czech financial system is that bank business activities are 

funded especially by domestic deposits which are demonstrated by stable 75% loan-

to-deposit ratio. The key profits from financial activities originate mainly from interest 

income and fees, which makes Czech banks less vulnerable to financial stress. As 

regards ownership in 1995 24% of banks were foreign-controlled, today it is more than 

80% of all banks in the Czech Republic. Lending may be more prudent in the Czech 

Republic compared to other CEE countries and despite the financial crisis in 2008 the 

ratio of non-performing loans to total loans is gradually decreasing since the end of 

2010 (Rusnok, 2014). 

2.2.1 Potential Risks to Financial Stability 

Potential future risks to financial stability are related to the high degree of uncertainty 

in European and global macroeconomic state of economy. Doubts about provisioning 

against non-performing loans are increasing. Czech Republic is highly dependent on 

its main trading partner Germany, which makes them closely linked to their growth 

performance and therefore it is likely to be negatively impacted, because of increased 

concerns of recession in the Euro Area (Moghadam and Viñals, 2012). Geršl and 

Hlaváček (2006) point out on potential risk to Czech financial stability based on foreign 
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direct investment. Although many positive effects are listed in the literature while 

mentioning FDI, it can also pose certain risks for the economy. Enhanced export 

orientation rises dependence on the external environment that may lead to higher 

volatility of the domestic performance. Moreover there is a risk of outflow of 

investments in the future and relocation of production to lower cost countries. Another 

issue is that foreign companies prefer funding from their own banks rather than local 

market and therefore it slows down development of domestic financial sector. 

Development of the external balance of the Czech Republic was quite solid, although 

net external government debt followed an upward trend for past four following years. 

In the present this increase is comparable to the European countries; however, in the 

future, external debt financing for the government can pose a risk to financial stability. 

The main risk to the banking sector comes from slowing down of the economy and 

thus rising credit losses and visible decline in profitability. One of the key sources is 

profit from interests and fees which experienced first fall after the global crisis and is 

expected to fall by another 5% (FSR, 2013). 

Another important intervention to the banking sector can be caused by serious 

aggravation in credit portfolio resulting from adverse development in the global 

economy. The source of credit risk stems from restrained domestic demand and 

disinflationary pressures. Insufficient demand is stimulated also by the fact that some 

sectors are generating high surpluses which are not spent and therefore CNB is using 

exchange rate as a monetary policy to fight this significant fall in demand. Financial 

cycle in the Czech Republic is now experiencing phase of modest credit recovery and 

slowed domestic activity which discourages lending activity and risk-taking (Tomšík, 

2014).  

Credit risks in banks can be represented by non-performing loans ratio to total loans to 

residents. This ratio followed decline in last two years; however, rise is expected in the 

future. Another issue concerning non-performing loans is that share of the loans which 

are past due more than three months is increasing. The coverage of non-performing 

loans by provision may be endangered (FSR, 2013). 

Another important issue is possible contagion effects and spillovers of financial stress. 

The Czech Republic is a financially open country strongly commercially connected to 

the Euro area. These linkages facilitate not only functioning of the markets but also 

transmissions of financial stress between countries. Contagion is defined as a transfer 

of financial stress that can occur across borders and is typical for countries with high 

level of financial openness. Volatility spillover has gained lot of attention recently (see 

Adam and Benecká, 2013). 
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Soriano and Climent (2006) wrote a review on transmission of volatility using GARCH 

models, however in generall, literature for the CEE countries is still limited. Geršl and 

Komárková (2011) were examining evidence of the Global financial crisis and they 

found out that during the crisis even in the countries which were not directly affected 

a negative liquidity spiral effect emerged. Moreover, Geršl (2007) in his studies about 

Cross-Border contagion claims that integration of CEE countries on international 

financial markets increases mainly because of the entry of foreign banks into local 

markets and significant abroad borrowings. He admits that the risk of cross-border 

contagion might increase as well. 

Figure  2.3: Transmission of financial stress between countries 

 

Source: Adam and Benecká (2013) 

2.3 History of financial stress indices 

Economists always tried to find appropriate approach that would be able to identify 

potentially dangerous episodes of financial stress in advance. In the beginning, 

academic literature relied on detailed description of historical events and known 

financial crises in order to determine the following stressful period. Since the recent 

financial crisis methodology measuring financial stress and its impacts on economy 

has significantly changed.  

This section provides a brief overview of financial stress indices proposed by different 

countries in the recent literature. Although there are many of them and we have no 
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capacity to mention all of them, we try to represent especially indicators that are known 

internationally. 

One of the early widely known financial stress indices was created by Illing and Liu 

(2006) for Canadian financial system. Their study proved that the approach capable of 

identifying the most of stressful events. They compared nine different indicators 

consisting of most appropriate variables which were weighted according to given 

sector’s share in the economy. This period also revealed that systemic risk is behaving 

differently in banking sector or in securities and FX market. There is obviously some 

subjectivity presented in identification of banking crisis (Oet et al., 2011). Misina and 

Tkacz (2009) continued research and examined impact of credit and price movements 

and their influence on Canadian stability. 

In 2009 the Cleveland Financial Stress Index was constructed. It was an extension of 

the approach of Illing and Liu (2006) especially concerning index construction and 

weightings methods (Oet et al., 2011). A different approach was employed by Hakkio 

and Keeton (2009) based on signs of different types of financial stress. Their financial 

stress index is still actively used in the Federal Reserve Bank of Kansas City. 

Grimaldi (2010) used a quite different approach in constructing FSI. The whole 

procedure was divided into three steps. Firstly a list of stressful events was created as 

a benchmark for setting the threshold level. Since there is no generally agreed list of 

stressful events in the euro area recent literature inspired by many qualitative studies 

were used to confirm the judgement in identification of such events. Second step 

consisted of selection of individual indicators for measurement of stress. The choice of 

variables reproduced to some extent current studies (trying to cover banking, equity, 

money and debt markets and volatility). Variables were aggregated together into two 

summary indices capturing level and rate of change in variables. Finally logit model 

was used to extract information incorporated in both indices effectively. Although 

methodology used by Grimaldi (2010) has an exceptional feedback it was designed 

again broadly for the whole Euro area and therefore its predictive power for such a 

small economy as the Czech Republic could be limited.  

Cardarelli et al. (2011) implemented and applied their approach on 17 advanced 

economies.  His concept was extended and binary variables were included expressing 

states: crisis/no crisis. States were selected when one of the indicators reached extreme 

values. This approach was monitoring financial stress in individual sectors of the 

economy. Moreover, in their empirical paper they discovered that banking distress is 

much more likely to create the period of financial downturn comparing to uncertainty 

caused by dynamics in foreign exchange market. 
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Although the binary approach also has drawbacks and so it excludes situations which 

were successfully maintained and therefore have not materialized into serious crises, 

however, they might otherwise become (Oet et al., 2011). Furthermore, it only enables 

to identify the start and the end of the stress episode but it does not measure changes 

in the financial stress during this period and it makes it difficult to compare different 

episodes among them to determine how much worse one was compared to another 

(Sinenko et al., 2013).  

The Composite Indicator of Systemic Stress created by Holló et al. (2012) was a new 

indicator used to assess the level of the current state of instability in the economy or in 

other words financial stress in the financial sector. CISS was designed especially for 

standard definition of systemic stress. “Systemic stress is interpreted as that amount of 

systemic risk which has already materialized. Systemic risk, in turn, can be defined as 

the risk that financial instability becomes so widespread that it impairs the functioning 

of a financial system to the point where economic growth and welfare suffer 

materially.” (quoted from Holló et al., 2012, accessed on 10.4.2014, pp 8) 

The CISS is specific because it is designed to put more weight on situations where 

financial stress spreads are higher across the whole financial system at the same time. 

CISS is based on five subindices representing five market segments which are created 

from fifteen individual variables measuring financial stress. These individual stress 

variables are standardized by their means and then aggregated together as an arithmetic 

average of three transformed individual stress variables. The following five subindices 

are aggregated into the one composite financial stress index using method based on 

quantile transformation and cumulative distribution function (Holló et al., 2012). 

According to Holló et al. (2012) the financial system can be divided into three key 

divisions: markets, intermediaries and infrastructures and each of these divisions can 

be further divided into additional segments (e.g. banks, insurance companies, etc.). In 

the following Figure 2.4 we can see detailed structure of the creation of FSI based on 

the procedure of Holló et al., (2012). 
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Figure  2.4: Construction structure of the CISS financial stress index 

 

Source: Holló et al. (2012) 

Although financial stress index constructed by Holló et al. (2012) can be a good 

predictive tool for the whole Euro area for which it was designed, in the case of a small 

open economy such as the Czech Republic, it may be inaccurate or even misleading. 

The potential issue can be the fact that CISS systemic stress indicator was designed to 

represent market-wide development, therefore it prefers broader set of standard 

indicators which are available for a group of countries (Holló et al, 2012). At the same 

time, however, it ignores market-specific anomalies which are typical for every single 

economy. 

One of the globally and recently used conventional single indicator measuring 

uncertainty is considered to be an implied volatility based on stock market dynamics. 

However, contemporary contribution of the stock market volatility to the real economy 

is becoming insignificant. The main reason is the source of implied volatility which is 

derived from stock market and its movements, which does not necessarily have 

anything in common with the real state of the economy. Moreover, the casual direction 

is usually supposed to run from macroeconomics to stock market and its volatility, 

rather than the opposite way (Islami and Kurz-Kim, 2013). 

2.3.1 History of Financial stress indices for developing countries 

As we are aiming to assess financial stress in the Czech Republic we are particularly 

interested in literature which focuse especially on developing or Central and Eastern 

European transition economies. Brüggeman and Linne (2002) in their paper analysed 

the vulnerability of the CEE countries to a financial crisis. They used extended signals 

approach and developed composite indicator measuring evolution of the risk in a given 

countries. Schardax (2002) developed an early warning model for currency crises for 
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twelve CEE countries. Kittelmann et al., (2006) in their paper examine CEE countries 

(Czech Republic, Hungary, Slovakia), particularly their vulnerability and determinants 

of financial crises. 

It is good to mention the Latvian financial stress index developed by Sinenko et al. 

(2013), where three groups of indicators were included, namely balance sheet 

indicators of credit institutions, money market indicators and security market indicators 

which were aggregated and compared by three different methods which, to some 

extent, inspired us in our paper. Another interesting paper creating FSI for CEE 

countries was written by Krzak et al. 2014 where they accounted especially for 

uncertainty about current and future value of assets on bond, FX and stock markets 

using Principal Component Analysis. 

Another approach worth mentioning was proposed by Jakubík and Teplý (2011) in 

their JT index of financial stability for corporate sector. It was based on a financial 

scoring model using corporate accounting data of the Czech companies. Scoring 

models are mostly used by risk management in order to evaluate creditworthiness of 

lenders and therefore estimate their probability of default. They used logistic regression 

as one of the many possible methods in evaluating the scoring model. There were 22 

indicators chosen from four key sectors such as liquidity, solvency, profitability and 

activity indicators. However, just seven of them were identified as significant financial 

indicators capable of describing the financial downturn periods with a one year 

prediction. Among the most important ratios were interest coverage, financial leverage 

and cash ratio. An advantage of this technique is that it broadens the existing 

methodology used by the Czech National Bank and it helps to analyse risks in the 

sector. However, difference in our approach is that we aim to assess financial stress for 

the whole economy, while JT index is designed especially for corporate sector. 

Nevertheless, we find this methodology very inspirational and one of the few where 

balance sheet data only are used. 

Šimáček (2012) created a financial stress index for the Czech Republic and Hungary. 

Similarly as Holló et al. (2012), he divided financial system into several sectors and 

for each sector assigned few indicators to assess the financial stress of the whole 

system. There are in total five sectors, and following indicators were used to describe 

them:  

Banking sector (beta of the bank stock index, volatility of the returns of the bank stock 

index, volatility of the slope of the yield curve); money sector (volatility of three-month 

interbank rate, difference between three-month interbank rate and the base rate of the 

central bank); monetary sector (volatility of the exchange rate of the local currency 
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versus EUR and USD); bond sector (volatility of two-year returns of corporate bonds, 

difference between yield of ten-year treasury bond and German bond); and stock 

market sector (volatility of the main stock index). 

Methodology used in this paper is similar to international practice and thus to ours. 

However, we include different set of variables, trying to apply especially those 

recommended by Czech economic papers for further development.1 Moreover, we 

extended our paper by vector autoregression analysis to capture the impacts of financial 

stress on the real economy. 

2.4 Methodologies used to assess financial stress in 
the Czech Republic 

There are several tools and methodologies used by the Czech National Bank to evaluate 

system’s stability. One internationally employed tool used to monitor systemic health 

is financial soundness indicators. 

Financial Soundness indicators 

In order to strengthen resilience of the individual economies and avoid potential failure 

of the whole financial system the International Monetary Fund (IMF) created financial 

soundness indicators to support macroprudential analyses of the financial market and 

to enhance financial stability. Financial soundness indicators are measuring the current 

financial health and soundness of the financial institutions in a given country. They are 

based on conceptual framework developed by the IMF and are designed in a way to 

foster an international comparison among participating countries (IMF, 2006).  

The financial soundness indicators consist of two parts: The core set, which is 

compulsory for participating countries and contains basic indicator mainly for banking 

sector (e.g. regulatory capital to risk weighted assets, ROA, ROE, non-interest 

expenses to gross income, trading income etc.) and encouraged set which includes 

supplementary variables characterizing market liquidity, real estate market, etc. The 

Czech National Bank is involved in this project voluntarily and publishes all data (both 

cored and encouraged datasets) with quarterly frequency and descriptive methodology 

on the website of the CNB on regular basis. These data provide aggregate information 

on the financial sector and are being evaluated by the CNB along with other financial 

supervisory indicators (CNB, 2013). 

 

                                                 
1 See Financial Stability Report (2012), particularly Geršl et al. (2012) 
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Banking Stability Index 

Banking stability index is another supervisory tool used to assess potential financial 

risk and was presented by Geršl and Heřmánek (2006) in the Financial Stability Report. 

Due to the reason that financial market data in the Czech Republic are fairly limited 

because of relatively small number of listed debt securities and shares, the index is 

based mainly on balance sheet data. The index comprises nine variables in total. The 

selection of individual variables was inspired by an international practice. Majority of 

them serves as well as financial soundness indicators proposed by the International 

Monetary Fund.  

As an asset quality indicator the ratio of non-performing loans to total loans was used 

to determine the level of exposure to credit risk. Capital adequacy and profitability 

ratios (ROA and ROE) express the buffer that has to be at disposal by a bank against 

potential risks. Liquidity ratios (quick assets to total assets and non-bank deposits) 

measure reserves necessary to be held in order to mitigate potential liquidity issues. 

Cumulative net balance sheet position to total assets stands as interest rate risk measure 

and reflects the time mismatch between assets and liabilities. Moreover, it indirectly 

determines potential losses caused by possible rise in interest rates. The last two 

indicators (absolute value of open balance sheet and total position in foreign exchange 

to Tier 1 capital) indicates exposure to foreign exchange risk, thus movements of 

exchange rates in both directions. This index is currently used by the Czech National 

Bank as one of the leading indicators in determining financial stress. 

2.4.1 Review of Czech stress testing methodologies 

According to Geršl and Heřmánek (2006) financial soundness indicators set by 

International Monetary Fund pose some methodological discrepancies due to national 

limitations (for example data collection). Following studies confirmed that banks in the 

Czech Republic demonstrated very low net open position in foreign exchange, thus 

their foreign exchange involvement, compared to other nations such as Slovakia or 

Hungary. Moreover banks in the Czech Republic (in 2005) recorded lowest values in 

ratios for the interest margin and non-interest expenses to gross income among five 

Central European countries included. This implies that Czech banks relied more on the 

non-interest profit than banks from the other countries. Because of different results of 

indicators for various countries, it is not easy to compare financial states of banking 

sector among different countries. One of the possible methods could be a comparison 

of the financial soundness of the banking sector among individual countries based on 

the ranking acquired by aggregation of several indicators. However, there is no 

difference in weight put on small or big differences. Recently some central banks tried 

to create a single indicator which was supposed to determine the level of financial 
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stability. In particular, they aimed to construct aggregate indicator for banking sector, 

which is considered the most important segment representing real state of economy.  

Illing and Liu (2006) mention that in the research on early warning indicators, binary 

variables are commonly used to measure an effect of a financial strain period and these 

are treated as banking, debt or currency crisis, rather than system-wide events. Holló 

et al. (2010) adds that focus on crisis event itself does not tell us anything about stress 

levels throughout different stages of a particular crisis and he promotes an alternative 

approach of creating Financial Stress Index.  

Moreover, working paper of Geršl et al. (2012) states that current methodology used 

by CNB for stress-testing is accepted as reliable and robust framework and is as well 

in accordance with the recent literature. However, in the case of rapidly evolving risk 

in banking sector, they propose to test difference scenarios as ad-hoc shocks, 

concentrated risk in portfolios, possible risk of excessive dividend pay-outs and 

international interbank exposures. 

According to Moghadam and Viñals IMF report about Czech financial stability (2012), 

there is always a room for refinement of the analysis of risks identifications concerning 

financial stability. For instance in the case of contagion type risks, better stress tests 

can facilitate to access information whether current capital and liquidity buffers are 

sufficient or any other intervention is needed. Moreover CNB should also improve 

potential risks identification of real estate price bubbles and credit booms in case they 

emerge again. This tools were mentioned in Basel III as counter-cyclical capital 

buffers.  

2.5 A single composite financial stress index 

As we have previously listed, there is a variety of approaches that can be used to capture 

stress in the economy. One of the potential approaches in creating a composite financial 

stress indicator is to use high-frequency (daily or weekly) financial market data with 

market-based indicators. In the previous section we have already mentioned many of 

these as for instance: FSI of the Bank of Canada (Illing and Liu, 2006), Federal Reserve 

System financial fragility indicator (Nelson and Perli, 2007), International Monetary 

Fund FSI (Cardarelli et al., 2009), FSI of the Bank of Greece (Louzis and Vouldis, 

2011), Composite indicator of systemic stress used by the European Central Bank 

(Holló et al., 2012) or also FSI of Hungary (Holló, 2012). 

Alternative approach is to use financial market data along with data from financial 

institutions, balance sheets and especially macroeconomic variables. Good examples 
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are: FSI of the Central Bank of Luxembourg (Rouabah, 2007), Financial Stability 

Conditions Index of the De Nederlandsche Bank (Van den End, 2006) and also 

Banking stability index of the Czech National Bank published by Geršl and Heřmánek 

(2006).  

Although both approaches have become very popular in practice because monitoring 

and assessment of potential risks on market data enables early detection of possible 

negative events and therefore they serve as a good warning indicators (Sinenko et al., 

2013). We opted for the second option due to the fact, that the Czech Republic has 

relatively few listed share and debt securities of domestic banks and also because there 

is not enough available high frequency data with sufficiently long history.  

Many of the previously mentioned papers were based on principle of a single 

composite financial stress index. Practically it means that several subindices, each 

representing an important part of the economy, are aggregated into one single 

composite indicator trying to describe financial system as a whole. It enables 

monitoring the financial stress not only in particular sectors but also in the whole 

financial system during the entire exposure of the stress and thus measure its intensity. 

Sinenko et al. (2013) states that monitoring a financial stress becomes substantially 

easier through the use of a single composite indicator. Moreover, it is a suitable 

measure of the systemic stress level, especially in the cases when normal functioning 

of the financial system or the entire economy is impaired. Another significant 

advantage is that financial stress index is able to capture also periods of distress which 

have not materialized into a fully-fledged crisis and it allows to study effects and 

effectiveness of macroeconomic policies in order to prevent such an issue in the future 

(Šimáček, 2012). 

According to Holló et al. (2012) FSI is a powerful tool in measuring the effectiveness 

of government interventions toward mitigating systemic stress. Moreover FSI is highly 

appropriate for application as an early warning indicator (Illing and Liu, 2006). It 

enables to identify the sources and causes of the financial stress thought the possible 

so called index decomposition, i.e. throughout analysis of individual parts of an index 

(Gadanecz and Jayram, 2009). 

The proper financial stress index is supposed to hold for continuality and thus to have 

ability to capture the current level of financial stress and identify it even after new 

observations have been added. Continuality is achieved by proper selection of variables 

with sufficiently long high frequency time series data and proper aggregation 

methodology. Extreme values in financial stress indices reflex moderate stress of 

financial system and therefore potential crisis. In order to avoid financial distress it is 



Literature review  16 

crucial to properly identify the level when the financial index starts to reach critical 

values and therefore capture financial stress period in sufficient time in advance. 

Answers to all these questions will be provided in the following chapters. 

There are some approaches trying to include more countries in their financial stress 

index, however, we aim particularly to create FSI especially tailored for the Czech 

Republic. We believe that overall indices can be more biased and bring unwanted noise 

to our results. Our claim is supported also by the paper of Slingenberg and Haan (2011) 

where they constructed a multi-country FSI and came with results that only credit 

growth has a predictive power for most of countries, but other indicators work only in 

some cases. 

There are also different techniques to financial stress indices in terms of aggregation 

methods. Standard approach is to use variance-equal weight method, in other words 

standardizing all the variables. This approach was used by Cardarelli et al. (2011) or 

Sandhal et al. (2011). Another technique is factor analysis using principal components. 

It was applied in work e.g. by Illing and Liu (2006); Hakkio and Keeton (2009) and 

others. The advantage of this method is that weights of individual variables are based 

on their historical importance, including effect of fluctuations in the economy. 

Grimaldi (2010) on the other hand was using logit models to determine the probability 

of a recession. Recent contribution was brought by Brave and Butters (2010) who were 

trying to capture the systemic nature of financial stress. It was achieved by taking cross-

correlations of a huge number of variables and the past development of the index in 

order to assign weights for every sub-index. Oet et al. (2011) implemented credit 

weighting scheme. All the indicators were identified as belonging to one of four sectors 

in the economy (banking, foreign exchange, debt and equity) and weighted in terms of 

their share of total credit in the given sectors. It was supposed to address an answer to 

a question of how important each of the variables is. More detailed description of the 

methods of aggregation will be found in the following chapters under the section 

Methodology. 

  



Methodology  17 

3 Methodology 

3.1 Data 

In order to capture financial stress index in the most precise way and thus to avoid too 

much noise we selected data with monthly frequency2 and of high quality (available 

with sufficiently long time series and economic relevance). Our data covers period 

between February 2002 and February 2014. Although we wanted to include longer time 

series we faced problem of data availability for some of our indicators. Particularly, 

our intention was to construct the FSI based on period containing the most recent crisis 

and previous episodes of financial stress so we could analyse them. The main source 

of our macroeconomic and financial data was ARAD the Czech National Banks’s 

public database. The data on 10Y German bonds yield were obtained from the 

European Central Bank Financial Data Warehouse database. Additionally, data for PX 

index were acquired from the Prague Stock Exchange’s website. 

Macroeconomic variables used in VAR analysis were obtained similarly as the 

majority of data from CNB’s ARAD database. Data are since January 2004 till 

February 2014 what is, however, compared to variables used in the FSI is one two-

years shorter time span due to issue with data availability (particularly for interest 

rates). 

For the most of computations Microsoft Excel software was used. Principal Component 

Analysis was computed in statistical software Stata. Times series and GARCH models 

along with volatility predictions were analysed in Gretl and JMulti and for vector 

autoregression and impulse responses we utilized Eviews. 

3.2 Standardization of data 

Raw data can be only hardly aggregated as all of them are based on different value 

levels (e.g. we cannot expect that volume of loans will be similar to the exchange rates 

etc.). For the sake of comparison and therefore to make all the data statistically equal 

they have to be standardized. When all variables are standardized we can finally 

aggregate them to a single composite financial stress index. The key point of data 

                                                 
2 External debt and GDP were exceptionally used with quarterly frequency because they are not available 

in monthly frequencies. They both were transformed by spline cubic interpolation to monthly data (for 

further details see section Choice of financial variables) 
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standardization is to make every variable equally weighted in the index. If the data 

were not standardized, highly volatile variables as well as variables with relatively high 

value compared to others would contribute more. Standard approach for 

standardization3 is achieved by subtraction of the mean value from individual variables 

and after it, the mean deducted value is divided by its standard deviation. Basically, for 

each observation it computes its distance from long-term average measured in standard 

deviations. 

 𝑌𝑖,𝑗 =
𝑋𝑖,𝑗 − 𝑋�̅�

𝜎𝑗
 

(3.1) 

where 𝑌 is standardized variable, 𝑋 is a non-standardized variable, 𝑋�̅� stands for sample 

mean of the j-th variable and 𝜎𝑗  is a standard deviation of the given variable. 

We are aware of the fact that excessive interventions to data can affect the results and 

it makes them more difficult to interpret, therefore we did not further modify our data 

(e.g. normalization or rescaling)4. 

This approach was used on inputs by two aggregation methods: equal variance weights 

and principal component analysis. Aggregation method based on quantile 

transformation and cumulative density function is standardizing data by computing 

their cumulative density functions. However, unlike in equal variance or principal 

component analysis standardization is applied after using data adjustment in order to 

acquire comparable index. 

3.3 Aggregation methods 

Illing and Liu (2006, pp. 18) stated that “choice of how to combine the variables is 

probably the hardest part in construction of financial stress index.” Although there are 

many methods used worldwide, we will describe and compare just three of them which 

are mostly used and so 

1. variance equal weighting method 

2. method based on quantile transformation and cumulative distribution function 

3. principal components analysis  

All three approaches were tested when constructing our financial stress index. We will 

briefly discuss methodology of each one of them in the following chapter. 

                                                 
3 See e.g. Illing and Liu (2006) or Cardarelli et al. (2011) 
4 See for instance Islami and Kurz-Kim (2013) and their rescalling minimum – maximum method. 
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3.3.1 Method of equal variance weights 

Method of equal variance is a standard approach and can be interpreted as equal 

variance or risk weighting which ensures that every variable included in the index will 

be granted equal importance. First step is that all data are standardized as we have 

already described it in the previous chapter, then all indices were aggregated into one 

by a simple arithmetic average for a given period. 

We are familiar with the fact that there is noticeable disadvantage and so that the mean 

and standard deviation are by default computed from the whole sample, which makes 

this approach very sensitive to the inclusion of new information and therefore it has to 

be recalculated every time new observations are added. 

Although this approach seems to be straightforward and we implicitly assume normal 

distribution among variables which is a significant drawback, it is a measure easy to 

interpret and also a good benchmark for other two methods. A similar approach was 

used in discussion paper of Islami and Kurz-Kim (2013). There is also criticism 

claiming that different weights create a better representative index of the financial 

system (Gadanecz and Jayaram, 2009). Nevertheless, Illing and Liu (2006) have 

discovered no serious differences between indices computed by both of these options. 

3.3.2 Method based on quantile transformation and cumulative 

distribution function 

This method is more robust compared to the previous one, trying to remove sensitivity 

of the sample mean and sample variance to outliers and the assumption of their fixed 

value based on computation of the entire sample. It was used particularly in the working 

paper of Holló et al. (2011) or Sinenko (2013). Methodology involves creating a 

cumulative density function (CDF) for each indicator separately. Variable values are 

sorted in an ascending manner and then all the values are ranked. Once all the indicators 

have ranks assigned, the CDFs are computed by dividing rank for each variable by its 

number of observations in a given sample, transforming them into percentiles. This 

value reflects the probability that given variable reaches value equal or lower to the 

current value. The higher the percentile is, the more severe the stress event it stands 

for. Values around the median stands for an average level of financial stress etc. The 

final index is achieved then by a simple arithmetic average of the transformed variables 

and is standardized (Sinenko et al., 2013). 

The main disadvantage of this method is that it does not take into account the absolute 

difference in values between various variables, just their order. Another issue concerns 

the situation when new observations are added, which can adjust the order of the data, 
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even though nature of events remain the same (Šimáček, 2012). We also observed that 

this method is not appropriate for data series with increased rate of the same values 

(especially zeros) as it is assigning every value importance according to its ranking 

compared to other observations. Although in our case where there are sometimes the 

same values in outputs it distributes ranking randomly which would bring noise to our 

final index. 

3.3.3 Principal Component Analysis 

Principal component analysis is a statistical technique that is transforming likely 

correlated variables into a smaller number of components. It is presumed that each of 

the variables is sensitive to a financial stress and hence all of them are likely to be 

affected according to the current level of financial stress. If financial stress is one of 

the main factors responsible for the observed correlations among above mentioned 

variables, it can be identified as one of the principal components. In other words, this 

approach reveals structural relationships in data identifying eigenvectors and thus 

reducing the dimensionality for the data space. Each eigenvector is defined by its 

eigenvalue and it represents a linear combination of the data accounting for most of the 

variance in the original data. It holds that the higher eigenvalue is, the more data is 

described by the given eigenvector (Cevik et al. 2013). 

There are more approaches when computing weights in PCA. Rouabah (2007) applied 

arithmetical average of the first few components that stands for the most of variance 

and using final value as the weighted coefficient.5 Cevik et al. (2013) is taking only the 

first principal component assuming that financial stress is the first component. 

We opted for the second scenario as well because we believe that including more than 

one component that are later averaged brings unwanted noise to our data. In our case 

the first principal component stands for 41.50 % of total variance on our data what is 

actually a high value accounting for the fact that there are 7 variables in total. 

Advantage of this method is that it helps separate variables with regard to minimal loss 

of information, which do not affect financial stress and thus are with no interest to us. 

Before we apply the method of principal components, data should be standardized as 

in the case of method of equal variance weights.  

Another prerequisite for applying principal component analysis is a strong correlation 

among variables in a dataset. It helps ensure that cutting of variables will not 

significantly reduce the information provided. Therefore if the condition of correlation 

                                                 
5 Number of components taken into account are selected according to eigenvalue level that is commonly 

higher than one. 
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between variables does not hold, the first component will not present sufficient 

information about the examined phenomenon. 

In order to ensure that data has sufficient correlation we undertook a Kaiser-Meyer-

Olkin (KMO) test statistics. KMO statistics is a sum of correlation coefficients and 

therefore a large value of the KMO statistics means that correlation of two variables 

can be also explained by others. The overall value of KMO statistic is 0.6637 which is 

more than sufficient to undertake principal component analysis6.  

Pitfall of this approach is the opacity of the whole method. Some economists believe 

that setting weights is subjected to peculiarity of the data, not to author’s reasonable 

consideration. The second issue is the assumption based on weighting coefficient that 

assumes all the relationships in the data to hold even though it is not probable (Oet et 

al., 2011). Moreover, it is also being criticised because cases with short time series 

which do not cover serious stress periods may lead to considerable index revisions (Oet 

et al., 2011). On the other hand, we partially solved this issue by including longer 

period including particularly period of the global financial crisis. 

Alternative approach could be based on credit weights used by Oet et al. (2011). 

Weights are assigned according to a total share of credit in each of the four sectors in 

the economy. Advantage of this method is that it answers questions of how much each 

indicator matters in a whole economy, although an issue may be that in a case where 

there are multiple indicators for a one sector, the weight is divided equally among them. 

We do not include credit weighting methodology due to the reason of very complicated 

and insufficient data collection. However, it can be used in a further research.7 

3.4 Introduction to Vector Autoregression and Impulse 
Responses 

Vector Autoregression model (VAR) is commonly used for analysis of multiple time 

series and system forecasting. VAR model is an upgrade of the univariate 

autoregressive (AR) model, adjusted for multivariate dynamic time series (Wang and 

Zivot, 2006). 

In general, VAR model is an m-equation, m-variable linear model, where each of its 

variables is explained by current and past values of other variables, plus its own lagged 

                                                 
6 KMO statistics takes values between 0 and 1, all the values higher than 0,5 are sufficient for further 

computation (Stata manual) 
7 Another idea worth of consideration would be to use regression to determine the comovements of all 

variables. 
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values. This simple framework makes VAR easy to use, capture and interpret dynamics 

in multivariate time series data (Stock and Watson, 2001).  

Let 𝐴𝑡 = (𝑦1𝑡, 𝑦2𝑡, … , 𝑦𝑚𝑡), where 𝐴𝑡 is an 𝑚 × 1 vector of endogenous variables. 

Then basic 𝑝-lag 𝑉𝐴𝑅(𝑝) model has the form of: 

 𝐴𝑡 = 𝛼 + 𝛽1𝐴𝑡−1 + 𝛽2𝐴𝑡−2 + ⋯ + 𝛽𝑝𝐴𝑡−𝑝 + 𝜀𝑡;    𝑡 = 1, … , 𝑇 (3.2) 

where 𝛽𝑖 is 𝑚 × 𝑚 vector of coefficient matrices and 𝜀𝑡 is an 𝑚 × 1 vector of serially 

uncorrelated and independent errors. 

Note that each equation would have exactly the same regressors, thus the 𝑉𝑎𝑟(𝑝) 

model is only a Seemingly Unrelated Regression (SUR) model with merely lagged 

variables. Since there are only lagged values of the endogenous variables on the right 

side of the equation, we have no problem with simultaneity and we can simply use OLS 

estimation (Wang and Zivot, 2006). 

Method of Impulse responses is often used to interpret VAR models. An impulse 

responses function traces out the responsiveness to shocks of a one standard deviation 

(by default) to error terms of dependent variables in the VAR model. The shocks 

directly affects the given variable and through the dynamic structure of the VAR is also 

transmitted to all other dependent variables in the model. We can examine the intensity 

and length of shock on all variables in the system (Baxa, 2012). 

Consider an example of bivariate VAR(1) model: 

 𝑦1𝑡 =  𝛽10 +  𝛽11𝑦1𝑡−1 + 𝛼11𝑦2𝑡−1 + 𝜖1𝑡 (3.3) 

 𝑦2𝑡 =  𝛽20 + 𝛽21𝑦2𝑡−1 +  𝛼21𝑦1𝑡−1 + 𝜖2𝑡 (3.4) 

Then a shock in 𝜖1𝑡 will directly affect 𝑦1. Moreover, it will change 𝑦2 during the next 

period as 𝑦1 lagged value is presented in the next equation (Baxa, 2012). 

Errors 𝜖𝑖 (innovations) are usually correlated so that in order to interpret the effect of 

impulses, transformation is needed. To deal with that problem, errors are 

orthogonalized by Cholesky decomposition8, making the covariance matrix of 

resulting innovations diagonal.  

  

                                                 
8 Commonly used in literature, see e.g. Holló et al. (2012) 
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4 Construction of the Financial Stress 
Index 

Construction of a financial stress indicator is a very complicated task and it is important 

to say that there is no universal consensus on the methodology which would be ideal 

for identifying financial stress. There are many potential variables which can be used 

for designing the new FSI. A well-created index is supposed to be a meaningful 

monitoring tool, however, a noisy indicator is utterly useless in monitoring the systemic 

risk. We also realize the fact that all indicators which are used can change because of 

various reasons, nevertheless, we assume that the influence of financial stress is the 

most severe one. In order to reduce redundant noise to a minimum we choose only data 

of high quality, available on monthly frequency with high economic relevance. By 

selection of our variables we tried to reflect vulnerabilities in the four main sectors of 

the economy (banking, foreign exchange, debt and equity). Although our indicator is 

slightly restrictive and definitely not all information will be included, we believe that 

our underlying variables will cover a relatively large range of problems connected to 

the formation of financial stress index. 

The index itself is a snapshot of the current situation and it depicts the present state of 

economy. It shows whether financial conditions are getting better, stagnating or 

worsening. Although, it does not forecast future development of the economy it can 

serve as an early warning indicator for negative impacts of the financial stress periods. 

It is uncertain whether FSI would be an effective tool for forecasting as there are just 

few previous crises to evaluate. However, it is possible to do a forecast in case we 

expect change in one of our indicators, by keeping ceteris paribus condition for all 

other indicators and observe the evolution of the index. 

Our own financial stress index was mostly based on principles and methodologies 

proposed by different authorities, although we performed significant adjustments based 

on independent recommendations discussed in previous sections. Index itself is defined 

in such a way that its rising levels reflect ascending financial or economic stress in the 

economy, however, not all cases with elevated level of index are with certainty 

accompanied by a serious financial stress period (verified on historical data). Therefore 

a crucial objective is also to identify the proper threshold when FSI reaches levels that 

should be a concern for policymakers and avoid false stress periods on the other hand.  
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To sum it up, while creating the financial stress index, there are three major issues to 

be considered. The first problem lies in the choice of the proper variables of the highest 

quality which will reflect the current situation of the economy. The other issue concerns 

about the way data is supposed to be aggregated together and therefore to set proper 

weights for each one of them. Finally we have to properly determine the threshold level 

that warns before periods of potential and dangerous financial stress. Answers to all 

three issues will be addressed in the following subsections. 

4.1 Choice of the financial stress variables 

There were several previous attempts to create a single composite financial stress 

index, however, these approaches do not have a strong theoretical background. 

Anyway, they proved important in understanding financial crises as we can analyse the 

financial stress coming from different sources (Adam and Benecká, 2013). 

While selecting financial indicators we may face problems in the Czech Republic of 

insufficiently short time series, missing or limited number of published data due to 

transformation period. The selection of variables reflects to some extent traditional 

indicators in similar studies which are used internationally such as Illing and Liu 

(2006), Grimaldi (2010), Oet et al. (2011), Islami and Kurz-Kim (2013) and others. 

However, we extend this selection with variables which have not yet been used. Our 

goal is to find appropriate variables which represent small open economies with their 

own independent monetary policy as it is in the Czech Republic. Another limitation 

was availability of sufficiently long time series with monthly frequency which we were 

trying to maintain. 

Another problem is a possibility of contagion effect, which is a situation when an 

abnormal event in a market A affects market B substantially and causes significant 

deviations in values. This makes the whole identification of stress very difficult and it 

has to be accounted for. Moreover, some indicators tend to reflect movements of 

business-cycle, therefore we have to be also wary about proper selection of indicators 

which are not affected regularly by business-cycle fluctuations (Oet et al., 2011).9 

We will focus especially on banking sector as we have already mentioned that this 

sector is the most important part of the financial system stability. This claim is also 

confirmed by Cardarelli, Elekdag and Lall (2011), who proved that financial crises 

accompanied by increased banking sector stress, particularly in the credit institution 

sector, are followed by more extensive recessions and protracted downturns than crises 

                                                 
9 In order to remove cyclical component from some of our data we use Hodrick – Prescott filter. 
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which materialized from currency or debt markets. This is especially true for the 

countries where the credit sector dominates in the national financial system as in the 

case of the Czech Republic. 

The proper financial stress index should reflect the most important symptoms of 

financial instability so in order to measure financial stress in the whole economy we 

divide financial system into several sectors inspired by Illing and Liu (2006). Namely: 

banking sector (the most influencing sector), foreign exchange sector (accounting for 

spillover effect as well), debt sector and equity sector.  

Despite all the possible literature and current methodologies or criteria for selecting 

variables for financial stress index, the choice of the variables remains mostly arbitrary 

as we are not able to capture all the linkages in the real economy (pointed out by Geršl 

and Heřmánek, 2006). This fact was admitted also by Hanschel and Monin (2005) and 

Illing and Liu (2006). Although this can be partially restrictive and some information 

might be lost, chosen variables from various sectors together cover relatively a large 

part of possible issues in the financial system. In total, we selected 7 individual 

indicators from the following sectors10: 

Banking sector 

In the majority of the current literature concerning banking stress there is no difference 

made between economy wide shocks and idiosyncratic shocks in the banking sector. 

Changing credit portfolio is a good signal of elevated stress, emphasized by the fact 

that credit institutions are much more prudent in granting loans during the downturn 

period when risk aversion and uncertainty is significantly higher. Broadly used 

variables are bank profits, changes in credit, bank share prices and loan losses (Illing 

and Liu, 2006). We were inspired by recent literature and recommendations in the case 

of the Czech Republic and therefore we included these indicators11: 

 Credit gap: As a proxy for credit we use total loans and receivables provided to 

clients. Deviation of credit from its Hodrick-Prescott filtered values12 or in other 

words credit gap is another convenient measure of financial strain periods in the 

economy.13 In order to determine how the growth of credit in the economy is 

positioned we used HP filter to remove fluctuations associated with business cycle 

                                                 
10 Plots of all indicators used in our financial stress index are included in the Appendix A 
11 We also wanted to include ratio of non-performing loans to total loans as an asset quality indicator, 

however it provides lagged results compared to other indicators because the ratio is updated with 

monthly delays. It may serve well as a backward looking indicator. 
12 For further information about methodology see Hodrick and Prescott (1997) 
13 Hanschel and Monnin (2005) confirm that gaps may be more suitable measures of imbalances than 

simple growth rates. 
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in the data. The important feature of this indicator is that it tends to move up quickly 

before stress events take place and therefore it acts very well in determining 

downturn periods (Borio et al., 2010). Usage of credit ratio could only be, in our 

case (as a part of CEE countries) misleading due to the fact that rapid excessive 

credit growth can be also the reason of the convergence to advanced economies 

(Hilbers et al., 2005). Trend is obtained by Hodrick-Prescott filter method using 

smoothing parameter lambda. We use 𝜆 = 14400 that is generally applied in the 

literature to monthly data (Doorn, 2006). To acquire risk component from data we 

smoothe data and examine differences between credit and its HP trend. 

 Liquidity indicator: We were inspired by Islami and Kurz-Kim (2013) and for 

liquidity indicator we examine spread between 3-month (3M) PRIBOR and interest 

rate set by the Czech National Bank - CZEONIA. PRIBOR quoted for 3 months 

expresses short term costs of banks at mutual lending on interbank market, whereas 

CZEONIA stands for the weighted average of interest rates of all unsecured 

overnight deposits by other banks (CNB, 2001). This indicator is a good measure 

of liquidity stress on interbank market. During downturn period when market 

liquidity is endangered, spread between these two rates increases (Oet et al., 2011). 

This can be explained as the reason of flight to quality, therefore lowered 

willingness of investors to keep risky assets. Credit risk concerns tend to rise and 

therefore it has a crucial negative impact on the economy.  

 Volatility of short and long term interest rates: We defined hypothetical yield 

curve14 as a difference between 10Y Treasury bond yield and short-term CZEONIA 

rate. We assume that in non-stress period, volatility of the spread is more or less 

stable while during financial stress it tends to rise. This indicator expresses 

uncertainty in development of interest rates and therefore threat to profitability of 

financial institutions. As a measure of volatility we used simple historical volatility 

computation.15 

 

Foreign exchange sector 

Foreign exchange sector represents stress based on exchange rates, depreciation of 

currencies or their volatility. Another important fact concerning foreign markets are 

spillovers, in other words transmission of financial stress among countries. As we have 

already stated the Czech Republic is a financially open country and is strongly linked 

                                                 
14 We were inspired by working paper of Šimáček (2012) where he defined yield curve as a difference 

between 3M PRIBOR and 10Y Treasury bond. 
15 For an information how was the historical volatility computed please see section Volatility forecast at 

the end of this chapter. 
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with euro area what exposes its economy to a transmission of financial volatility (Adam 

and Benecká, 2013). 

 International contagion risk indicator: As we have already mentioned, Geršl et 

al. (2012) proposes that although stress testing methodology of CNB for interbank 

contagion risk is reliable comparing to recent studies, he expresses doubts about 

the potential issues of international interbank measures. Moreover he claims that 

risk of contagion is about to increase, especially in case of CEE countries which 

are strongly linked with euro area. This claim is also supported by the study of 

Adam and Benecká (2013) who examined that transmission of financial stress from 

euro area to the Czech Republic has evolved over time and that the degree of 

contagion depends significantly on the level of stress in the economies. In order to 

capture contagion effect we adjusted the indicator used in study by Adam and 

Benecká (2013) and we used weighted historical volatility of the EUR/CZK and 

USD/CZK exchange rate. We believe that this ratio will show uncertainty in the 

foreign exchange market and it particularly should serve as a good proxy indicator 

for European sovereign debt crisis. The weights for both EUR and USD exchange 

rates are the same. We computed average volume of total foreign exchange market 

turnover over periods in 2014 and we found out that actually the same volume for 

both exchange rates was traded over these periods. 

Debt sector 

Debt sector is often defined in terms of spread in yields between risk free and risky 

assets. If spreads are widening it can be described as expectation of increasing future 

losses, therefore greater uncertainty that leads to lower confidence, mutual lack of trust 

and higher dispersion of probable loss. Usually representative government bonds or 

treasury bills are used as proxies for uncertainty in the domestic market. On the other 

hand corporate bond spreads are used as representatives of the risk on the corporate 

level (Illing and Liu, 2006). 

 10 year Czech Government Bond and German Bund spread: As it is assumed 

that economic environment has a significant impact on financial stress (Louzis and 

Vouldis, 2013), therefore we decided to include variables which describe 

fundamentals of the Czech economy. German Bund or in other words long term 

German bond is commonly used as the benchmark because of its low credit risk 

premium and liquidity; moreover Czech Republic is very closely economically 

linked with Germany. The spread between a 10-year Czech Government Bond and 

German Bund expresses specifically the market uncertainty, liquidity and country’s 

creditworthiness. In general, boom periods are accompanied with lower spreads 
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while periods of financial stress are characterized by quickly widening spreads and 

therefore spreads are convenient tools in measuring the current state of the 

economy (Borio et al., 2010). Unlike Grimaldi (2010) where he used sovereign 

bond spreads of largest European countries versus Germany, we refined this 

indicator for our purposes by including Czech Republic government bonds only.  

 External debt: In emerging countries, net external debt is an important part for 

maintaining sustainable growth. However, its excessive level is perceived rather 

sceptically as it played an important role in several crises before. External debt is 

often considered in recent literature as a potential leading indicator of financial 

stress especially in developing countries (e. g. was used as one of indicators for 

financial stress index constructed by Aizenman and Pasricha (2010)). It is, 

however, problematic to determine risk component from the data. Cevik et al. 

(2013) uses growth rate of external debt as the component for their financial stress 

index. 

There is also an opinion that external debt is similarly as GDP experiencing 

inverted U-shape relation.16 Firstly it helps the economy to recover but in higher 

amounts after it crosses given threshold level it can be dangerous and may pose a 

risk. We decided to use similarly as for credit indicator HP filter (with lambda set 

to 14400 for monthly data) and then compute the difference between external debt 

and its trend as measure of stress volatility for our index. However, there is only 

quarterly data publicly available for external debt so we interpolated them to 

acquire data with monthly frequency. Literature suggests more approaches but 

inspired by Cevik et al. (2013) we decide for method of cubic spline interpolation 

as it is fast and straightforward and offers stable results.17 

Equity sector 

Equity sector is often represented by diversity on stock market, therefore turnover 

ratios, trading volume or volatility of stock prices are convenient measures of stress. 

We decided to include computed conditional volatility of the PX Stock exchange index 

as a proxy for financial stress representing equity sector in the Czech Republic. 

 

 Volatility of the PX Stock Exchange Index: PX Prague SE index is the official 

price index of the Prague Stock Exchange. PX index has replaced previous PX 50 

index and continues in its development. Index calculation is based on the 

International Finance Corporation methodology which is recommended for 

construction of indices in emerging economies. The index was launched on the 5th 

                                                 
16 See Kuznets curve and relation of change GDP to inequality. 
17 For further information about methodology please see McKinley and Levine (1998). 



Construction of the Financial Stress Index  29 

April 1994 and the value was fixed at 1000 points. It is computed from the most 

influential companies which are quoted on the exchange rate on the Czech market, 

although dividend yields are not included. The PX SE index is a good measure of 

the profitability on the share market in the Czech Republic and therefore we 

decided to include the volatility of the PX index as one of our indicators of financial 

stability assuming that higher volatility stands for a higher risk. 

4.1.1 Volatility forecast 

When computing volatility for PX Stock Exchange index we applied two approaches 

and compared them. In the first approach we computed historical volatility, common 

and straightforward measure of volatility. We estimated variance as squared difference 

of two adjacent rolling log-prices (mean corrected values). Merton (1980) showed that 

accuracy of estimated volatility using historical volatility is rising with sampling 

frequency. In our case we deal only with monthly data and therefore we decided to 

compute conditional volatility as well.    

The second approach is more robust. Firstly we obtained stationary time series out of 

non-stationary price levels where data were first log differenced. Stationarity was 

tested by Augumented Dickey-Fuller test and we rejected 𝐻0 hypothesis of unit root 

with p-value = 0.0001, therefore no form of non-stationarity was presented18. Then we 

tested for autocorrelation in residuals where in both ACF and PACF plot residuals were 

significant. We also tested for ARCH effects where we rejected the null hypothesis of 

no arch effect presented with p-value close to 0. Due to heteroscedasticity in our data 

we compared several different ARCH and GARCH models and GARCH (1,1) fitted 

best for us. 19 GARCH (1,1) model is generally considered as the most common model 

for financial applications. 20 

It has a form of: 

 𝑎𝑡 = 𝜎𝑡𝜖𝑡 (4.1) 

 𝜎𝑡
2 = 𝛼0 + 𝛼1𝑎𝑡−1

2 + 𝛽1𝜎𝑡−1
2  (4.2) 

where 𝑎𝑡 is a mean corrected return(𝑎𝑡 = 𝑟𝑡 − 𝜇𝑡), 𝜖𝑡 is a random variable with a 

strong white noise process and it holds that 𝛼1 + 𝛽1 < 1. As we can see large previous 

shocks of return and volatility in period t-1 are affecting also volatility in period t, 

                                                 
18 Our result was also confirmed by KPSS test. 
19 Ad. GARCH (1,1) model selection, although GARCH (2,1) and GARCH (2,2) have higher log 

likelihood statistic, we opted for GARCH (1,1) due to the fact that all coefficients were significant 

whereas in the GARCH (2,1) and GARCH (2,2)  were not. 
20 All tests and plots are included in the Appendix C. 



Construction of the Financial Stress Index  30 

therefore volatility clustering is well captured. Then we estimated model and its 

residuals and the last step was to predict the conditional volatility recursively by 1-step 

ahead forecast: 

 𝜎𝑡
2(1) = 𝛼0 + 𝛼1𝑎𝑡

2(0) + 𝛽1𝜎𝑡
2(0) (4.3) 

 𝜎𝑡
2(2) = 𝛼0 + 𝛼1𝑎𝑡

2(1) + 𝛽1𝜎𝑡
2(1) (4.4) 

 𝜎𝑡
2(𝑛) = 𝛼0 + 𝛼1𝑎𝑡

2(𝑛 − 1) + 𝛽1𝜎𝑡
2(𝑛 − 1) (4.5) 

where n is number of observations, 𝛼0, 𝛼1, 𝛽1 are estimated parameters, 𝑎𝑡
2 are residuals 

and as 𝜎𝑡
2(1) we took the historical volatility computed in the first approach. 

Both approaches gave us very similar results, however, and so for further computation 

we opted for the second, more robust method mainly due to the reason that it accounts 

well for volatility clustering that is typical for price development in this case.  

4.2 Threshold identification 

In this chapter we describe how to recognize when the level of financial stress is 

critical. We emphasize that critical level of financial stress index does not necessarily 

mean that economy is experiencing financial crisis, but it serves as a warning indicator 

for policymakers that there is an elevated stress in the system. 

Standard approach used e.g. by Illing and Liu (2006) treats episodes of potential serious 

stress events based on deviation equal to two standard deviation above the historical 

mean. Cardarelli et al. (2009) extended this approach by measuring the difference of 

one standard deviation, but from long-term trend computed by HP filter.  

We are using similar approach (computing HP filter with lambda 14400 similarly as 

before for monthly data) just with minor difference that we use rather conservative 

difference equal to half of the standard deviation instead of one. Working paper by 

Geršl et al. (2012) confirms our intention and states that methodology used for stress 

testing should be created in conservative way in order to slightly overstate possible 

risks, since estimations can significantly worsen in the period when risk materialize, 

therefore it helps not to underestimate possible impacts of events of adverse shocks in 

the economy. 

Both approaches, however, are sensitive to adding extreme observation (e.g. global 

financial crisis in 2008) which can neglect previous but still significant periods of 

financial stress. According to Krzak et al. (2014) this issue may be partially solved by 
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using percentile measures instead of deviation from the mean. A stressful period can 

be defined as an event, where FSI reaches values above the specific percentile of the 

whole sample and therefore extreme observations will affect selection in less extent. 

Percentile was identified according to already computed periods of financial stress and 

was conservatively fixed at value 85.21 

We are aware of the fact that threshold identification is highly related to given data and 

it may not hold for other samples and therefore it is important to always compare results 

with specific historical events of financial stress and evaluate them accordingly. 

Vermuelen et al. (2014) claims that financial stress indices and their sub-indices are 

related to the occurrence of the financial crisis, but at different stages so the link among 

stress indices and the start of the crisis is rather weak. Therefore, they do not 

recommend financial stress indices as a good determinants of the start of financial 

crisis. 

As we have mentioned in the beginning of this chapter, our aim is not to predict 

financial crisis, but create an indicator that serves as early warning indicator of elevated 

financial stress. Great advantage of the FSI compared to other warning indicators is its 

simple interpretation and practical analysis of the potential shocks on the economy that 

we plan to achieve through the vector autoregression analysis. 

  

                                                 
21 It is equal to number of periods above the criterion set by Hodrick Prescott filter and standard deviation 

that was used previously. 
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5 Empirical results 

5.1 Description of aggregation methods and their 
interpretation 

In this section we describe and investigate differences between all three previously 

mentioned aggregation methods. For the sake of comparison all the values of 

aggregated indices were standardized. 

Figure  5.1: Comparison of different aggregation methods 

 

Source: author’s calculation 

Where EV stands for Equal Variance, CDF for Cumulative Density Function approach 

and PCA for Principal Component Analysis. It is clear from the graph above that all 

the explored versions created by different aggregation methods are highly correlated22 

which suggests that results are no dependent on selection of weights. Our assumption 

is also supported by the claim of Illing and Liu (2006) that various selection of weights 

by different aggregating methods has no significant impact on results. Nonetheless, as 

a benchmark we prefer the method based on principal components due to the fact that 

results provided by PCA approach are depicting serious episodes of financial stress a 

short period in advance compared to other two methods and therefore we consider it as 

a more conservative and thus suitable methodology. Moreover, we believe that 

                                                 
22 Particularly method of equal variance and principal component analysis where the correlation 

coefficient is 0.995. Correlation table is attached in the Appendix B. 
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financial stress is the first principal component and so the method for assigning weights 

is more robust.23   

Figure  5.2: Financial stress Index and the threshold level 

 

Source: author’s calculation 

The further the values of FSI deviate from the historical average that is equal to zero, 

the higher/lower stress is expressed by the index. Positive values reflect financial stress 

that is above historical average and reversely. We may claim that periods which are 

persistently under the historical average are subjected to higher probability that 

financial stress will rise considerably in the following periods. The most intensive 

episodes of financial stress, computed according to out threshold criterion, are located 

above the threshold level.  

Babecký et al. (2013) created a database of banking, debt and currency crises for 40 

EU and OECD countries over the period 1970–2010. According to their results there 

was no banking, nor debt or currency crisis in the Czech Republic during the period 

2000-2014. This claim is not inconsistent with our results. Episodes that are selected 

according to our threshold criterion are not, as we have already mentioned, predicting 

crisis, but periods of serious financial stress and potential recession and shall serve as 

a warning. These periods do not necessarily escalate into the crisis but may pose a 

significant risk for the economy. According to FSI and threshold criterion, period 

between 2008-2009 was identified as a serious and we can talk about recession24. 

                                                 
23 A doubt can be cast about our assumption whether financial stress is actually the first component, 

however we acquired almost the same results by all three methods what confirms our assumption. 
24 Commonly used definition of recession is when economy experience two consecutive quarters of 

declines in GDP (FRBS, 2014), what was fulfilled in case of the Czech Republic. 
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Detailed description of results based on our financial stress index is in the following 

chapter (we focused particularly on episode of the Global financial crisis). 

5.2 Historical events of financial stress depicted by FSI 

Our index operated very well in the beginning of the global financial crisis where 

accurately captured financial difficulties of the Bear and Sterns bank in the beginning 

of the 2008. Later on we can clearly see an abrupt increase of financial stress in 

September 2008 when US investment bank Lehman Brothers collapsed on the 15th of 

September 2008. The next day credit rating downgrades triggered fear of insolvency 

in the USA which resulted in Global collapse of prices in the stock market during 6-

10th October 2008. Failure of Lehman Brother caused lack of confidence that was 

spilled among emerging economies and their currencies started to weaken, thus 

exchange rate volatility increased significantly at that time. Pressure intensified 

significantly at the end of 2008 where we can see the highest peak (FSR, 2009). 

Although the Czech economy entered the global financial crisis and the following 

recession in a good financial health, it was not possible to avoid impacts of the crisis. 

Industrial and export orientation and open economy caused that fall in external demand 

led to decrease in industrial production and later GDP. Economy got in recession in the 

Q4 2008 and by Q1 2009 its total output dropped by 4.1% compared to the previous 

quarter. Small increase in the financial stress at the end of Q3 2009 could be the answer 

on problems with the national debt of Greece and later other countries. A weak 

improvement was based on partial recovery in external demand and began in the 

second half of 2009 where we can see steep decline in financial stress (FSR, 2010). 

Significant increase at the end of May 2010 was due to the first financial rescue of 

Greece economy. Following a relatively significant recovery global economy recorded 

a moderate slowdown in 2011. At the end of September 2011 we again notice a 

significant increase in the financial stress related to euro area debt crisis. Acceleration 

of the debt crisis led to a sharp increase of financial market volatility in the second half 

of 2011, moreover further increase in non-performing loans was recorded. Growth of 

the Czech economy during 2011 slowed as well and it started to stagnate. Increased 

credit risk and concerns of clients about ability of financial institutions to repay debts 

negatively affected the loan market. At the end of 2011 concerns persisted and even 

increased thus protective policies took place what even worsen availability of loans for 

the private sector. Economy growth was negatively affected and it peaked at the end of 

Q2 2012 (FSR, 2012). 
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Moderate increase in households’ demand for loans was recorded in the beginning of 

2013. Restrained recovery came in the Q2 and Q3 accompanied by increased industrial 

production by 0.5% in the Q3 and GDP growth in the Q4 2013. Recovery of the Czech 

economy materialized only partially in 2013. Performance of the non-financial 

corporations steadily increased, similarly financial sector recorded mostly positive 

development during 2013. Czech economy is getting more dependent on the external 

environment especially due to substantial export orientation. Slight increase in the FSI 

at the end of 2013 originated mainly due to the ratio of the gross external debt in the 

Czech Republic that rose from 51% to 57%, however, that growth was partially caused 

because of weaken CZK exchange rate (FSR, 2014). 

According to FSR (2014) the external balance and public finances of the Czech 

Republic are steady in a short term view, however, may pose some risk in the long run. 

Moreover, proportion of loans that are overdue more than three months continues to 

rise. Nevertheless, the CNB’s forecast predicts a considerable recovery of the Czech 

economy. 

5.3 Vector Autoregression analysis and Impulse 
responses 

We were inspired by many empirical studies concerning financial stress and its impact 

on the real economy. This relationship has been broadly discussed in recent literature. 

For instance Hakkio and Keeton (2009) investigated that increase in financial stress 

results in more prudent behaviour of credit institutions and decrease in total loans 

granted what indirectly slowed down economic activity in the United States. Havránek 

et al. (2010) was similarly to our paper examining links between financial variables 

and the macroeconomy using the block-restriction autoregression model, although on 

different set of variables. 

Cardarelli et al. (2011) in their research showed that financial stress is not always a 

predecessor of a financial distress and Li and St-Amant (2007) found out that effect of 

monetary shocks on economy have various impacts depending on intensity of financial 

stress. 

We choose VAR analysis to examine what influence has financial stress on the 

macroeconomic environment specifically in the Czech Republic. Advantages of using 

VAR is its simple estimation and implementation often leading to better results than 

theory-based systems of simultaneous equations. Moreover, there is no need for 

binding constraints imposed by economic theory. However, no proper theory exists to 
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choose appropriate variables (Baxa, 2012). To capture and illustrate comovements 

detected in our model we applied widely used approach, impulse responses analysis. 

Our financial stress index serves as a proxy for financial stress and by method of 

impulse responses we are analysing how key macroeconomic variables are affected 

while applying shocks to one of the VAR errors. To describe economic activity we 

used following macroeconomic variables as representatives: inflation (measured by 

consumer price index), unemployment and interest rates (as a measure of long-term 

cost of borrowing for non-financial institutions)25. 

Since we have four endogenous variables our VAR system consists of four equations, 

mathematically: 

 
𝑋𝑖𝑡 = 𝛼𝑖 + ∑(𝛽1𝑋𝑡−1

𝑛

𝑛=1

+ 𝛽2𝑋𝑡−2 + ⋯ +  𝛽𝑖𝑋𝑡−𝑛) +  𝜖𝑖 (5.1) 

where 𝑋𝑖𝑡 is i-th endogenous variable in period 𝑡; 𝛼𝑖 is a constant, 𝑛 stands for number 

of lags, 𝛽𝑖𝑋𝑡−𝑛 is the matrix of coefficients to be estimated and 𝜖𝑖 is a vector of errors. 

We are aware of the fact that change in the order of variables will affect estimated 

coefficients and residuals and hence, the Cholesky decomposition. Ordering is based 

on principle of relative exogeneity where the first variable should be the most 

independent (is affected by its own shock only) and the last the most depended (is 

affected by all previous shocks) on the others in the present time (Stock and Watson, 

2001). We decided to apply the following order of restrictions: 

𝑢𝑛𝑒𝑚𝑝𝑙𝑜𝑦𝑚𝑒𝑛𝑡, 𝑖𝑛𝑓𝑙𝑎𝑡𝑖𝑜𝑛, 𝑖𝑛𝑡𝑒𝑟𝑒𝑠𝑡 𝑟𝑎𝑡𝑒𝑠, 𝑓𝑖𝑛𝑎𝑛𝑐𝑖𝑎𝑙 𝑠𝑡𝑟𝑒𝑠𝑠 𝑖𝑛𝑑𝑒𝑥 

We assume that financial variables are more likely to be influenced in time-t than 

macro variables and therefore we decided to put interest rate and financial stress at the 

end of the order. It is obvious that financial stress is reacting faster than unemployment 

or inflation, where the changes materialize over time, but not immediately. Whereas 

financial stress is compounded from various financial indices we expect it to respond 

relatively faster than interest rates and thus we consider interest rates to be more 

exogenous in this case as well. Compared to inflation, structural changes and 

consequent layoffs that affect unemployment usually take place after longer time and 

                                                 
25 We did not include GDP as another macro-variable due to the reason that it is quoted only on quarterly 

basis and although we use interpolated values, results may be biased. Nevertheless, it is available for a 

comparison in the Appendix F. Plots for all macro variables are included in the Appendix G. 
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therefore we claim that unemployment is more likely to influence inflation that 

conversely. 

Specifically, we opted for unrestricted VAR because following recommendation of 

Borys and Horváth (2008), that more advanced VAR models such as factor-augmented 

VAR did not bring promising results when used on Czech data but rather similar to 

these computed by simple VAR models we are currently using. Moreover, our data 

fulfil the key assumption of stationarity and therefore it is not necessary to use other 

methodology (as for instance Vector Error Correction model).  

Stationarity was tested based on characteristic roots of inverse polynomial. VAR 

system is stationary if absolute value of all roots (# number of lags x # of variables) is 

less than one, therefore they lie inside the unit circle (Baxa, 2012). Although two roots 

were close to outer circle we fulfilled the condition for stationarity. 

Optimal lag length was derived according to following tests. The first Lag length 

criteria test is based on selection of the maximum lag and then testing all lags up to the 

stated value, computing several information criteria (sequential modified LR test 

statistics, Final prediction error, then Akaike, Schwarz and Hannah – Quinn 

information criterion). In our case we have chosen two lags and all criteria unanimously 

suggested that two lags are appropriate (even when selecting more lags). 

Second test called Lag Exclusion test is based on computing 𝜒2 Wald statistic for the 

joint significance of all dependent variables at the given lag. Results of the first test 

were confirmed, jointly both lags were statistically significant and therefore there is no 

need to exclude a lag. Only few lags were significant when plotting correlogram but 

majority of them stayed insignificant and therefore it confirms that no additional lags 

are needed.26 

Firstly we estimated bivariate VAR model of FSI on all macroeconomic variables 

separately in order to analyse direct effect of FSI on the economy. In the second step 

we estimate VAR system with all variables jointly and compare both approaches. 

Unlike bivariate model, VAR with all variables includes current and lagged values of 

multiple time series that acquire comovements that cannot be detected by simple 

univariate or bivariate models and therefore results are incomplete or biased (Stock and 

Watson, 2001). On the other hand, advantage of the bivariate model is that in the case 

when one equation is wrongly specified in the second approach, it affects the whole 

                                                 
26 All the tests were performed in Eviews software. All the outputs are included in the Appendix D. 
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system, therefore comparison serves as double-check.27 Due to better legibility, 

bivariate VAR impulse responses are included in the Appendix E. 

Figure  5.3: Impulsive responses functions of FSI and unemployment 
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Source: author’s calculation 

In the Figure 5.3 we see impulse responses function of financial stress index and 

unemployment. Dashed lines illustrate ± two standard error confidence bands and we 

are observing effects during 36 months period (on horizontal axis).28 Vertical axis 

describes responses which are in units of dependent variable. 

When comparing both bivariate and the whole model we observe almost the same 

results regarding to the shape and timing. The first plot is showing gradual decrease in 

unemployment when shocked by itself. It takes approximately two years to recover 

after a positive shock of one standard deviation is applied. The effect on unemployment 

related to change in financial stress is depicted in the top right figure and, as expected, 

is positive and statistically significant meaning that increase in financial stress affects 

unemployment positively with strongest effect one year after the shock. The minor 

delay at the beginning reflects that it takes some time for unemployment to react to the 

                                                 
27 VAR methods has limitations such as computation of standard errors for impulse responses that may 

give misleading results if for instance one of variables is highly persistent (Stock and Watson, 2001). 
28 There is no need to include longer period while observing the effect of financial data (FSI). 
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shock and it is not influenced immediately which is in accordance with our 

expectations. The opposite response of FSI to change in unemployment is negative and 

also statistically significant that is rather counter-intuitive. We would expect that higher 

unemployment would affect financial stress in the same way, although the reason of 

the opposite outcome may be that economy is in the state of restructuring and therefore 

it helps to lower the financial stress. Moreover, higher unemployment affects the output 

negatively as well as slows down the whole economy and therefore the risk taking 

behaviour which indirectly lowers the financial stress. In any case we would not 

overemphasize this effects. 

Response of FSI to FSI shows again how a positive shock of one standard deviation in 

FSI affects its behaviour in a long term. An interesting fact is that it even reaches 

negative values before it converges back to the normal state. 

Figure  5.4: Impulsive responses functions of FSI and inflation 
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Source: author’s calculation 

Compared to bivariate model we observe similar patterns in all situations, although 

bivariate model has generally wider confidence intervals. The first plot shows how 

shock of one standard deviation influences inflation and the way it diminishes. We can 

observe a cyclical behaviour, firstly gradual expansion and then decline. As expected 
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the response of inflation to positive shock in “financial stress” in the second plot is 

negative, although only marginally significant during the first months and then in the 

middle of the second year with the highest effect on inflation after 15 months. The 

reason for drop in inflation may be the excessive financial stress that is slowing the 

whole economy down. The good historical evidence of that is a great fall in inflation 

after the Q4 2008, when the financial stress was culminating in the Czech economy 

because of the recession.  

Reversed reaction of shock to inflation is followed by a statistically significant 

response of financial stress. The effect is firstly positive, culminating on the 10th lag 

and then turning negative and converging back to zero. Our findings are also in 

accordance with results of Horváth (2009), where he claims that price stability is an 

important factor for financial stability and therefore the elevated level of inflation 

affects FSI positively. 

Figure  5.5: Impulsive responses functions of FSI and interest rates 
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 Source: author’s calculation 

Results computed by bivariate model again experienced similar, though lagged patterns 

compared to the whole model with wider confidence bands. Shock to the interest rate 

causes interest rate to fall quickly, converging to zero over time. The response of 
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interest rate to shock in the FSI reacts with a small positive expansion and following 

gradual decline. The reason may be the intervention of CNB and consequent decreasing 

of interest rates during the recession.29 

This can be also explained by the fact that economy is slowing down during recession, 

people are more risk-averse and so they are trying to put aside more money and 

therefore there is a surplus of deposits which pushes interest rates down.  

The opposite reaction of the FSI on interest rates is insignificant. Interest rates are 

commonly used by monetary policy to combat unemployment; however, in this case 

the effect of interest rates as a tool to mitigate financial stress is questionable. On the 

other hand, a positive shock in interest rates is in the bivariate model strongly 

significant with a positive effect on the FSI.  

                                                 
29 For further interpretation see the working paper of Baxa et al. (2011). 
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6 Conclusion 

The recent financial and economic crisis illustrated a strong relationship between 

financial stress and economic activity. It emphasizes the fact that early warning tools 

are needed and although recent literature is overwhelmed with studies and financial 

stress indicators created for advanced economies, only few of them aim at the Eastern 

European countries like the Czech Republic. Substantial advantage of using financial 

stress index is that it combines many factors into a simply-interpreted and comparable 

measure assessing information from various sectors concurrently at any given point in 

time. 

This thesis compares different methods of assessing financial stress, analysing the 

Czech economic environment and subsequently constructing the financial stress index 

particularly tailored for the case of the Czech Republic. Furthermore, an indicative 

threshold level is conservatively determined to identify serious levels of financial stress 

that may be concern for policymakers. Compared to the previous literature we operate 

with a different set of variables enhanced by some recommended by the Czech 

economic papers. Additional contribution of our paper is vector autoregression analysis 

along with method of impulse responses used to assess the impact of financial stress 

on the real economy. 

Our financial stress index successfully reported episodes of heightened financial stress 

especially the period of financial recession during 2008-2009. In overall, it provides 

valuable information about development in economic activity. Impulse response 

analysis confirmed several interaction between financial stress and the macroeconomic 

environment. We observe a significant and positive response of unemployment on 

financial stress with a minor delay at the beginning implying that impact on 

unemployment is not immediate. The effect is culminating one year after the shock and 

gradually diminishing after almost three years. Although it is only marginally 

significant, we observe that elevated financial stress helps to fight inflation with 

strongest effect during the 15th month. Furthermore, statistically significant downward 

trend was observed on interest rates as well with peak one year since the shock. 

Due to ability to identify heightened episodes of stress with a relatively high precision, 

our financial stress index can be considered as an valuable auxiliary macro-prudential 

indicator and also may serve as an early warning tool to monitor soundness of the 

financial sector. 
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In terms of future research it would be worthwhile to test and potentially extend the 

index by other supplementary indicators of financial stress such as dividends paid, 5-

years credit default swaps or 10-years Czech corporate bonds. Moreover, there are 

numerous opportunities for additional research regarding more advanced aggregation 

methods, forecasting and further financial stress impact analysis such as variance 

decomposition. 
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Appendix A: Plots of FSI indicators 
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Appendix B: FSI cross-correlation table  

Appendix C: Tests for conditional volatility 
 

a. Augumented Dickey-Fuller test for Unit roots (stationarity)  

AUGMENTED DICKEY-FULLER TEST FOR LD_AVERAGECLOSINGMONTHLYPXPRIC 
INCLUDING 9 LAGS OF (1-L)LD_AVERAGECLOSINGMONTHLYPXPRIC 
(MAX WAS 15, CRITERION MODIFIED AIC) 
SAMPLE SIZE 238 
UNIT-ROOT NULL HYPOTHESIS: A = 1 
 
TEST WITH CONSTANT 
MODEL: (1-L)Y = B0 + (A-1)*Y(-1) + ... + E 
1ST-ORDER AUTOCORRELATION COEFF. FOR E: -0,001 
LAGGED DIFFERENCES: F(9, 227) = 1,782 [0,0726] 
ESTIMATED VALUE OF (A - 1): -0,584855 
TEST STATISTIC: TAU_C(1) = -4,41854 
ASYMPTOTIC P-VALUE 0,0001 
 
WITH CONSTANT AND TREND 
MODEL: (1-L)Y = B0 + B1*T + (A-1)*Y(-1) + ... + E 
1ST-ORDER AUTOCORRELATION COEFF. FOR E: -0,001 
LAGGED DIFFERENCES: F(9, 226) = 1,770 [0,0749] 
ESTIMATED VALUE OF (A - 1): -0,58631 
TEST STATISTIC: TAU_CT(1) = -4,41152 
ASYMPTOTIC P-VALUE 0,002043 

  

  FSI GDP UNEM INF IR 

FSI 1 - - - - 

GDP -0.83 1 - - - 

UNEM -0.48 0.50 1 - - 

INF 0.63 -0.52 -0.7 1 - 

IR 0.37 -0.37 -0.57 0.52 1 
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b. Test for autocorrelation 

 

c. Test for ARCH effects  

TEST FOR ARCH OF ORDER 2 
             COEFFICIENT   STD. ERROR    T-RATIO    P-VALUE  
  ---------------------------------------------------------- 
  ALPHA(0)   0,00262516    0,000670999    3,912    0,0001    *** 
  ALPHA(1)   0,0566941     0,0375274      1,511    0,1322    
  ALPHA(2)   0,287102      0,0373862      7,679    3,90E-013 *** 
 
  NULL HYPOTHESIS: NO ARCH EFFECT IS PRESENT 
  TEST STATISTIC: LM = 53,3568 
  WITH P-VALUE = P(CHI-SQUARE(2) > 53,3568) = 2,59249E-012 

 

d. GARCH testing 

 

 

MODEL ARCH (1) ARCH (2) GARCH (1,1) GARCH (2,1) GARCH (2,2) 

  COEFFICIENT P-VALUE COEFFICIENT P-VALUE COEFFICIENT P-VALUE COEFFICIENT P-VALUE COEFFICIENT P-VALUE 

INTERCEPT 0,0028272 7,29E-15 0,0023558 2,69E-13 0,0008565 0,0068 0,0008845 0,0035 0,0008398 0,4095 

ALPHA (1) 0,558083 5,21E-05 0,471648 3,85E-05 0,388125 0,0002 0,426504 0,0001 0,315059 0,0011 

ALPHA (2)     0,104944 0,0266         2,58E-12 1 

BETA (1)         0,463505 3,33E-05 0,210491 0,0763 0,323413 0,7348 

BETA (2)             0,205407 0,069 0,175594 0,6821 

LOG LIKELIHOOD 320,2207 329,5829 334,3325 335,7923 335,054 
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Appendix D: Vector autoregression tests 

a. Stationarity: 
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b. Lag length test 
 

 
  

VAR LAG ORDER SELECTION CRITERIA    

ENDOGENOUS VARIABLES: UNEM INF IR FSI     

EXOGENOUS VARIABLES: C      

DATE: 12/16/14   TIME: 23:33     

SAMPLE: 2004M01 2014M02     

INCLUDED OBSERVATIONS: 115     
       
        LAG LOGL LR FPE AIC SC HQ 
       
       0 -599.6038 NA   0.425688  10.49746  10.59293  10.53621 
1 -57.67102  1036.741  4.54E-05  1.350800  1.828180  1.544566 
2  41.19161   182.2511*   1.08E-05*  -0.090289*   0.768994*   0.258490* 
3  53.31159  21.49979  1.15E-05 -0.022810  1.218376  0.480981 
       
        * INDICATES LAG ORDER SELECTED BY THE CRITERION   

 LR: SEQUENTIAL MODIFIED LR TEST STATISTIC (EACH TEST AT 5% LEVEL)  

 FPE: FINAL PREDICTION ERROR     

 AIC: AKAIKE INFORMATION CRITERION    

 SC: SCHWARZ INFORMATION CRITERION    

 HQ: HANNAN-QUINN INFORMATION CRITERION    
       



Appendix D: Vector autoregression tests  56 

c. Lag exclussion test 

VAR LAG EXCLUSION WALD TESTS    
DATE: 12/16/14   TIME: 23:35    
SAMPLE: 2004M01 2014M02    
INCLUDED OBSERVATIONS: 117    
      
      CHI-SQUARED TEST STATISTICS FOR LAG EXCLUSION:  
NUMBERS IN [ ] ARE P-VALUES    
      
       UNEM INF IR FSI JOINT 
      
      LAG 1  103.6012  1668.446  39.15545  65.33868  1890.506 
 [ 0.000000] [ 0.000000] [ 6.47E-08] [ 2.18E-13] [ 0.000000] 
      
LAG 2  18.07464  391.3913  13.47642  1.172414  423.7095 
 [ 0.001193] [ 0.000000] [ 0.009168] [ 0.882619] [ 0.000000] 
      
      DF 4 4 4 4 16 
      

       

d. Correlogram 
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Appendix E: Bivariate vector 

autoregressions 
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Appendix F: Vector autoregression with 

GDP 
a. Vector autoregression model of  unemployment, inflation, interest rates and the 

FSI 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

b. Vector autoregression, bivariate model of GDP and the FSI 
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Appendix G: Plot of all VAR variables 
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