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Annotation:
Following the financial turmoil in 2007/2008 liquig black holes (LBH) has become

arising topic often discussed among academics dsawgoortfolio managers all around the
world. More recent view on liquidity risk coversoie liquidity black holes which occur when
the liquidity completely dries up in a particulararket and the market becomes one-sided.
There are basically 2 channels through which liguidan be affected - Demand and Supply.
In first case, the portfolios of investors lose tr@ue and consequently the investors lose
confidence in financial system. In the second chseks hit their capital constraints, they
tighten the terms of providing credits and loansettuce the credit risk exposure and hence it
becomes more difficult for firms to raise the funés this point dangerous spiral arises and
the liquidity of financial system evaporates rapidfhe crucial point of this master thesis is
to find the main determinants of Liquidity Blackles and find possible solutions to avoid
their appearance.

Anotace
V navaznosti na finami krizi v letech 2007/2008 se pojem ,Liquidity BlkaHoles"

stal ¢asto diskutovanym tématem v akademickych kruzitéjnéstak jako mezi portfolio
manazé po celém syté. NowjSi pohled na likviditni riziko bere v potaz ,Liglity Black
Holes", které se objevuji, kdyz likvidita zcela zniz ukitého trhu a ten se tak stava
jednostranny. V zasdadexistuji 2 kanaly, fes které mze byt ovliviéna likvidita — kanal
poptavky a nabidky. V prvnimiipack, portfolia investoi ztraci hodnotu a vidledku toho
investdi ztraci divéru ve finagni systém. V druhémifpad: je postizen kapitél bank, a tyto
instituce poté zsni podminky poskytovani @éxi a pijcek, tak aby snizily (&rovou
expozici, coz nakonec vede k obtf&imu gistupu jednotlivych korporaci ke zdroji
finanénich prostedki. V tomto moment vznikd nebezpma spirala a likvidita celého
finanéniho systému se iie zcela vytratit. Cilem této diplomové prace jetitjhlavni faktory
,Liquidity Black Holes" a hledat mozn#&eSeni, aby se zabranilo jejich vzniki.



“When the music stops, in terms of liquidity, tlemngill be
complicated. But as long as the music is playiog,we got to
get up and dance. We’'re still dancing

[Chuck Prince, CEO of CityGroup, 2007]
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Introduction

Following the financial turmoil in 2007/2009 liqui@ black holes has become
arising topic often discussed among academics #sawgortfolio managers all around the
world. More recent view on liquidity risk coversofe liquidity black holes which occur when
the liquidity completely dries up in a particulaarket and the market becomes one-sided. It
means that the majority of market participants wanindergo the same type of transaction
(e.g., selling or buying) but there is almost nargerparty for this contract. Since majority of
traders want to close the position as soon aslgedsiey are willing to sell the assets at fire-
sale prices which are below the average price. falrevalue of the asset is then hard to
assess. These findings are in contrast with theryhéhat the development of modern
technologies and worldwide networks implementefinancial markets should provide better
liquidity for all assets. In well-functioning finarmal markets the decreases in asset prices
should attract new prospective investors and theliequm should be restored. However,
sometimes is the decrease big enough and leadstterf selling which generates greater
discounts in asset prices till the point the assehtradeable.

There are basically 2 channels through which liquican be affected - Demand and
Supply. In first case, the portfolios of investtose the value and consequently the investors
lose confidence in financial system. In the seccask, banks hit their capital constraints, they
tighten the terms of providing credits and loansetuce the credit risk exposure and hence it
becomes more difficult for firms to raise the funés this point dangerous spiral arises and
the liquidity of financial system evaporates rapidl

The main problem of Liquidity black holes is thiais very difficult to predict their
appearance and determine their duration. Ofterd @t@mples of Liquidity black holes are
Asian crisis in 1987, Russian debt crisis (conrgtetéh LTCM in USA) and more recently
2007 American subprime mortgage crises. Howeveretis one major difference - the role
liquidity played in the meltdown of the global fim@al system in 2008. The causal relation as
pointed out by Alan Greenspan in a speech in 1989 neversed Not the crisis affected the
liquidity of financial markets but drops in the uigity of a range of assets lead directly into
the crisis of 2008.

! Greenspan A., (October 199%leasuring Financial Risk in the Twenty-first certur
http://www.federalreserve.gov/boarddocs/speech88/19991014.htm
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It is clear, that frequency of liquidity black heles increasing and this tendency will
continue in near future. Even though this riskesssl easy to quantify (in fact one cannot) this
type of risk is more serious.

One of typical properties of liquidity black holesthat they are extremely rare (as
the real physical phenomena) and hence, probabilibccurring is extremely low. But on the
other hand if they occur, enormous losses (inclytiankruptcies) that might result in system
crises are incurred and cannot easily be avoided.

Forthcoming question is “What are the causes okehbquidity black holes?”
Positive feed-back traders (such as Stop-loss,rDigsamic Hedging, Margins, etc.) are often
mentioned as the answer. Among other sources weleatify leveraging and deleveraging,
impact of capital requirements and last but nostldaational Exuberance —term used again
by Alan Greenspan, former chairman of Federal Resara speech in 1996.

Precise definition of liquidity black holes was wied by Morris, Shinn (2003)

saying:

A liquidity black hole is the analogue of the rurt@me model in a bank — run model.
Short-horizon traders sell because others sell. uidiy black holes have the feature that
they seem to gather momentum from the endogenspsnges of the market participants
themselves. Rather like a tropical storm, they appe gather more energy as they develop.

Another definition provides liquidity risk pioneeivinash Persuad in his book

devoted to liquidity Black Holés

What we should be more concerned about howeven igl a functioning market
where price declines (or rises) cause — throughkeamechanisms — more sellers to appear,
not bargain — hunting buyers, initially pushing s well — beyond the levels they will
eventually settle at....Our theory of Liquidity Blat¢&les suggests that they would be more in
markets that are homogenous and lacking in diwersit positions, views and risk

management and less prevalent in markets that are imeterogeneous

2 Morris S., Shin H. (2003/4)iquidity Black Holes Review of Finance, page 2

® Persuad, A.(2003)iquidity Black Holes Understanding, Quantifyingdalanaging Financial Liquidity Risk
management books, first edition, p. 101



In well-functioning market, large price changesaénthe fact that news can be
incorporated quickly with respect to the importanE@ew information. These markets might
suffer from large price movements but within fewmemts the trading activity is restored at
lower/higher price. On the opposite, liquidity tdwles are accompanied by such a volatility
that market is not well-functioning and one-way erdlow destabilize market even more.
Strategic interaction of traders is mutually reisfog rather than offsettintyHistorically,
there were basically 3 factors determining markeguidity — market depth (or breadth),
tightness (trading costs) and resiliency. From mogm®int of view it is necessary to add one
more factor — diversity. By the diversity we me&e tiversity in opinions, i.e. if we want to
sell there must be some counterparty who wantsiyo b

We are quite aware that liquidity risk was rathederestimated over a long period.
In this master thesis we will discuss current cpteef liquidity risk and market liquidity, all
the above mentioned causes of liquidity black haled their appearance in history and we
will examine the occurrence of liquidity black helen Czech financial markets. We will
devote particular attention to Czech Stock markeer-bank market and foreign exchange
market.

This master thesis is structured as follows: FKegition deals with concept of market
liquidity and liquidity risk as a whole. Second sec is devoted to the literature review of
actual academic journals about liquidity black kol@&hird section is represented by an
overview of the biggest liquidity black holes irstury and lessons learned. In section 4 we
will learn about measures of liquidity black hokesd we will also cover new liquidity risk
measures as proposed by Basel committee for bgpéngsion. In section 5 we will test
theoretical predictions by applying measures dbedrin section 4 and last part of this master
thesis is concerned with discussion of resultsutemis conclusion and future steps in

liquidity risk.

* Persuad A. (2003)iquidity Black Holes -Understanding, Quantifying and Managing Financiaidity risk,
Risk Books, First edition

® Persuad A. (2003)iquidity Black Holes — Understanding, Quantifying and ManggFinancial Liquidity
risk, Risk Books, First edition



1. Sources of liquidity risk — Market liquidity

There are several sources of Liquidity risk. Firsthe must precisely define what
liquidity means to identify and better understahe potential sources of liquidity risk.
Basically, there are two types of liquidity - acoting and market liquidity. Accounting
liquidity refers to the ability of a debtor to pdws debts as they become due. In contrast,
market liquidity represents the opportunity to g6k asset without impact on price of the
asset. Liquid asset can be sold anytime (withinketahours) with minimum loss of value.
However, these two types of liquidity are closebnoected. The more liquid assets are in
bank’s portfolio the higher is the ability to repidne liabilities in time.

There are many definitions of liquidity and ligitydrisk by various regulators and
supervisors. To pick some of them, we choose fstamce the definition by Bank for
international settlement (BIS) which isA“liquid market is market where participants can
rapidly execute large volume transactions with @impact on prices®. Financial markets
provide this type of liquidity in three main formscentral bank money (bank notes issued by
central banks), commercial bank money or depoaiasilg@ble through ATM machines) and
securities traded in financial markets. Liquidityeg hand in hand with solvency which stands
for inability of company to operate in its actieisi over a long-term period. Lack of liquidity
might affect solvency and vice versa.

It is impossible to measure liquidity directly biltere exist some certain ratios to
capture the effect of liquidity indirectly. The prndition of liquid market is that there are
always potential buyers and sellers willing to eitéo the transaction.

However, there are more characteristics which rdete the liquidity - market
depth, resiliency and trading costs. Market deptthe market's ability to sustain relatively
large market orders without impacting the pricese€urity’ In other words, if the market is
deep the large order needs to be made to have isopaet on the price of the asset. There
exists direct link between liquidity and the marlepth — Deep market equals liquid market.
In contrast, market breadth is the opposite conokptarket depth. The concept of resiliency
assumes that trading of financial instruments (@saflg in large block sales) leads to short-
term misevaluations and errors in asset pricing Jpeed at which these errors disappear and

price of the instrument is reverted to the measoisalled resiliency.

® Market Liquidity: Research Findings and SelectetidydmplicationsReport (1999) Report of a Study Group
established by the Committee on the Global Findi®yatem, Basle 1999, CGFS publication no 11, age
" http://www.investopedia.com/terms/m/marketdepih.as
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Trading costs are often neglected but they cagy péy important role in case they are
variable and related to the size of transaction.

The liquidity is connected through umbilical cordttwrisk and return. While the
trade-off between risk and return is well-known arelatively easy to measure the
relationship between liquidity and risk or liquiiéand return is less popular. This is because
liquidity is usually considered to be one sourceisk apart from e.g. credit or market risk.
Thus, the relationship among return, liquidity arsk is quite ambiguous. Henry Markowitz
based his work on his modern portfolio theory (Roput all the eggs in one basket)
comparing the risk and return. Following the modpontfolio theory the famous CAPM
model was invented by William Sharpe and thennimslel was extended and some new asset
pricing models were added (Fama-French 3-factoreho8PT, Carhart model, etc.) The
problem is that these models usually don't take® iatcount the liquidity. These models
assume frictionless markets in which securitiesraged costlessly but there is nothing about
trading activity. Let me show this on the CAPM mbdehich is based on several
assumptions. According to CAPM, we assume thatstore with homogenous expectations
share the same information which means there isnfarmation asymmetry or insider
trading. Hence, all the investors hold the samd|-aweersified portfolios to rule out the
idiosyncratic risk. This fact results in a situativhen investors have no incentives to trade
and thus, the market is presumed to be illiquidvi@lssly this is not true since billions of
securities change its owners every day. This me&xplained by relaxing the assumption of
homogenous expectations and giving the appropnaight to private information. The effect
of (i)liquidity was incorporated into CAPM model BAcharia, Pedersen (2003) and we will
discuss it shortly in the next section.

To sum it up, liquidity is one of the key factorstermining the price of the asset and
its crucial importance arises in times of increasadtility over the financial markets.

We have already noted that the liquidity is hardyémge. In general, the bid-ask spread is
used. Dealers on the financial markets must haotgelanventory of financial instruments. The
willingness of holding particular asset is assegastiby this spread. If the dealer feels that
some particular asset is more risky he widens teagk spread (i.e. he lowers the bid and
increases the ask) simply because his profit is difference between those two
characteristics. Thus, the bid-ask spread is twana for supplying the liquidity for the dealer
and the trading cost for the investor. This sprelduld reflect general forecast of market
participants of unwinding the position in a partazuinancial instrument. General problem of

the bid—ask spreads is that they are quoted omlgrwall trades and actual spreads widen
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substantially, the larger the size of the transactji.e. when market is under a stress).
Paradoxically, bid—ask spreads are not good measurgtuations when these measures are
urgently needel.Nowadays, electronic trading reduces the impogasfcthe dealer who is
replaced by the limit order book. Buy and sell osdare matched in accordance with “inside
spread” that is the difference between the higpest the buyer is willing to pay and the
lowest price at which another seller is willing $ell. Electronic trading diminishes the
problems with inventory but the problem with infatlon asymmetry remains and it
escalates the classeamon problem.

One might expect that according to recent marlaids (globalization of financial
markets, consolidation of stock exchanges, sezatitin, electronic trading) the market
liquidity would strengthen. In fact, this is noktlsase. The fragility of financial markets has
increased and numerous black holes at which liguidnished have occurred. The main
reason for that is the lack of diversity, which deucial for liquidity. The forthcoming
consequences might be extremely negative and ltguedses might change into insolvency
crises. That's why the market liquidity is monitdrey Central Banks and partially managed
by money market operations such as selling andrcbpaing treasury bills. These operations
are mainly settled between central and commercake and thus, these are the most
important market participants. There are diffetigpes of markets such as government bond
markets, foreign exchange markets, equity or stoekkets which are more or less liquid.

Either way all the above mentioned markets are samse hit by some liquidity black holes.

1.1. Liquidity risk management

Liquidity risk is not well-covered in risk managemebooks in which analysis of
credit, market or commodity risks are predominasties. To tackle the problem of liquidity
risk management we have to emphasize the positioBasel committee on banking
supervision, responsible for setting rules and meoendations in managing risk for financial
institutions. One of the main goals of Basel Conmeitwas to underpin the capital and
liquidity adequacy. While the capital adequacy ratio was successfirtiplemented the
agreement on managing liquidity risk failed. Weneggsed this situation during the recent
financial crisis. Even though there were years maple liquidity in history, it is clear that

nowadays can liquidity disappear in a while. Thelespread trend within this period was to

8 Persaud, A. (2002)iquidity Black Holes:And Why Modern Financial Regulation in Developedifdes is
making Short-Term Capital Flows to Developing CoiestEven More Volatile UN discussion paper No.
2002/31

° C.A.E. Goodhart (2007)kiquidity Risk ManagemenSpecial Paper 175, LSEnancial markets group
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finance long-term assets by relatively short-tewrrdwving in wholesale market. In addition,

banks were heavily using the off-balance sheelsd® some certain facts. When the financial
crisis was in its peak central banks or governmstdaged pumping liquidity through repo-

operations to commercial banks and giving additionaentives to prevent them from

bankruptcy. As a typical example of this happenmmight serve the TARP (Trouble asset
relief program) that indirectly deliver the liquigito the banks.

Liquidity risk depends on internal and externatcés. In other words, some aspects
of liquidity risk are firm-specific and can be agsd to a particular company (endogenous
liquidity) while other aspects are common for mamstitutions or eventually for the entire
market (exogenous liquidity). In next sub-chaptees will describe 2 main approaches in
managing liquidity risk - liquidity funding risk anliquidity trading risk.

1.2. Liquidity Funding risk

Liquidity funding risk corresponds to ability to etecash needs that are necessary for
covering the liabilities as they fall due. Manydidity ratios have been developed to assess
company’s financial wealth such as working capitdio, liquidity coverage ratio or capital
expenditure ratio. The key factor is the sum oetssswvhich should be higher than sum of all
obligations. However, this is not the solution ofiee problem. We must take into account the
maturity and the interest rate mismatch of asgaddiabilities. To put it differently, the ample
size of assets (overwhelming the size of liabsitieloes not guarantee liquidity risk-free
situation because if the maturity and interestsrait assets and liabilities differs then the
company might become consequently illiquid. Thatly the GAP analysis was established.

GAP analysis identifies the difference betweene@ss&nd liabilities. If GAP is
positive (GAP>0) then the company suffers from ffisient funds to finance its assets. On
the other hand if GAP is negative (GAP<0) thendbmpany owns an ample amount of funds
regarding to its assets. Portfolio managers (eappgdhose managing portfolio in pension
funds) are used to immunize portfolio and to syonlre assets and liabilities according to
the concept of duration, which primarily servesrmnaging interest rate risk. The duration is
defined as the weighted average of the times watidh payment is made, with weights
proportional to present value of the payment. Tioe@ss of immunization goes as follows: In
first step, the duration of assets and liabiliitegalculated. Having the assets and liabilities
durations calculated it is necessary to find optiasset mix such as both durations were
equal. The result of this is some particular weighthat is assigned to assets adew

assigned to liabilities. Finally, we can asses hovully fund the obligations. Because of the
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convexity of some instruments (e.g. bonds) we mersilculate durations every year (or even
more frequently) and rebalance the asset mix tmiedite the interest rate risk. Thus, by
diminishing the interest rate risk, we also miteg#ite potential liquidity risk resulting from
asset-liability mismatch.

In some cases trading/asset and funding risk dgogsther, similarly like the
accounting and market liquidity, generating newetyp risk joint asset/funding liquidity risk.
This type of risk reflects the situations in whitte potential loss lies in inability to access
funding and assets cannot be converted into castdir to meet obligatior.Simultaneous
effects of liquidity funding and trading risk migbhause liquidity spiral leading to liquidity
black holes. This spiral is the mixture of the logsnvestor’'s confidence and the inability of
management to deal with the crisis ending withdbm®pany in financial distress.

The liquidity of an institution is strengthened bgcessibility to cash and cash-
equivalent instruments, securitization, the ability liquidate trading book positions, to
borrow money in the wholesale market, borrowingrfrthe banks and central banks, or by
less defaults by counterpartiésObviously, some of these sources failed durirgfitancial
crisis in 2007-2009. Namely, we can mention thdrdeson of inter-bank market, the failure
of the securitization process when even highlyda@ Os have become untradeable.
Recently, the liquidity funding risk increased doecomplexity of some financial instruments
with uncertain liquidity as well. The inevitabilitgf subsequent defaults of companies is the
result of other typical characteristic of liquiditycontagion. Secondly, we have to note that
banks are running into liquidity problem as a capusace of losses incurred earlier due to
credit, market or operational risk. Partially, & fault of regulatory and supervisory
institutions whose reports, recommendations andkwgrpapers usually omitted the liquidity
risk. For instance, famous Basel Il Accord consddris type of risk only in one tiny
paragraph. At this point Basel committee for baglsnpervision (BCBS) released a set of 17
principles in reaction of previous events and pgshen anticipation of subsequent events
triggered by the fall of Lehman Brothers. By relagshis guidance BCBS emphasized poor
quality of some of the liquidity risk frameworksags by international banks which were
dramatically underestimating the severance of piatlemisk in times of normal market
conditions when liquidity was plentiful. These liingiples are organized in 5 sections and

each section deals with fundamental principles tfeg management and supervision of

19 Banks E. (2005),iquidity risk: Managing asset and funding rj<2005, ' edition, Palgrave Macmillan,
chapter 1
M Hull J. (2009)RiskManagement and Financial Institutior8econd edition, Pearson Education, Inc
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liquidity risk, governance of liquidity risk managent, measurement and management of
liquidity risk, public disclosure and the role afpervisors. In our humble opinion these rules
are too much general and less specific. It suggestg the implementation of basic
unspecified strategies, the importance of properegwnce structure, the importance of
regular disclosure but not much more. For examplerinciple 1 - A bank is responsible for
the sound management of liquidity risk (abbreviakean) is in the description below this
principle stated a bank should hold an adequate liquidity cushioomprised of readily
marketable assets to be in a position to surviah feriods of liquidity stress?. But there is
nothing about how to calculate this liquidity custior what is supposed to be the marketable
assets. Even in the section devoted to the megsliguidity risk we could not find any
concrete solution. It is true, that different bafékow different strategies and therefore their
cash needs might vary. Moreover, the risks the fare different - for instance while
commercial banks probably deal with liquidity fundirisk more, for investment banks is
liquidity trading risk more severe. And here is to&o problem - Should there be different set
of rules for investment banks and commercial barkst? there are universal banks which
cover both — commercial banking as well as investnianking. Notwithstanding, usually
one of those characteristics prevails. Things miflainge due to new proposal of president of
the United States Barrack Obama, who strives fpasgion of investment and commercial
banks. The split of universal banks and its impattregulation might be interesting for
further research but it is not the goal of our thes

To be fair, there are lots of useful recommendationthe set of principles which
involve large part of liquidity risk. We find theqblem that these are just recommendations
and not the rules and in some cases the slodldmight be replaced by wordust

It is clear that even these principles did not a¥@itowing financial crisis but the
guestion is whether the strengthened regulationsapervision deepened or mitigated whole
financial crisis. Definitely, the subsequent finecrisis inflated new revised set of papers
dealing with the liquidity risk in 2009. We willytrto answer the question to which extent
these papers contributed to improvements in thesa and whether reflect the current

phenomenon — the liquidity black holes.

12 BCBS(2008)Principles for Sound Liquidity Risk Management &upervision September 2008, page 6
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1.3. Liquidity trading risk
This type of risk (also called asset risk) stemmfrthe size of transaction and its
impact on price of the asset traded. It is cleat thwe are trading only few securities (e.g.
shares) the price impact will be close to zero. Elav, the large size of one particular trade
might convey signal to the market and establishtihdl demand causing changes in price

of the instrument. As stated above, the bid-askapiis then widened as depicted on the

graph below:

Figure 1: Bid and Offer prices as a function of mjitg transacted

Offer price

Price

Qluantity
Source: Hull J. (2009)— Risk management and Firdittstitutions 2 edition

It is important to note that this relationship &aswn in Figure 1 doesn’t hold in all
markets. Consider, retail foreign exchange marketrey individual persons want to exchange
one currency for another for whatever reason. Asdize of the transaction grows up the
individual customer gets better or even prime cateventually the contract is closed for mid-
price. In this paper we will omit these specific rkets and we will focus on the markets
which comply with situations presented in FigureYgt, it is clear how liquidity affect the
pricing of the assets. It gives rise to the exten@@&PM called liquidity adjusted Capital asset
pricing model invented by Acharia V. and PedersennL2003. In their paper, they find
empirical evidence that expected return of anyi@adr asset increases with its illiquidity
(including trading costs) and the “net Beta’- thet hbeta can be decomposed into the

sensitivity of the security's return and tradapitib market downturns as well as to liquidity
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crises™ In other words, they include the expected levelligfidity of asset as well as
unanticipated changes in market liquidity. Thusg tdjusted model of CAPM contains
besides systemic beta the firm-specific compon&aharia, Pedersen (2003) came up with
the alternative for the criticized CAPM. Howevetldssic” CAPM model is still predominant
in financial world. In our opinion, the unpopulgrivf liquidity adjusted CAPM consist in the
complexity of its calculation. While CAPM is easy tompute and widely accepted, it is
preferred from the less known and more difficulutaderstand liquidity-adjusted CAPM. On
the other hand, the velocity of the recent financiasis showed up the importance of
managing liquidity risk.

The severity of liquidity risk depends on whethsrthe trader unwinding his
position optimally. The trader has to solve classade-off between size and the speed of the
transaction. If he decides to leave the positioiclkdy he is exposed to increases in bid-offer
spreads but he faces lower potential losses fromerad movements in stock prices and thus
lower market risk. Oppositely, Unwinding positidowly leads to lower changes in bid-offer
spreads but the market risk increases. To gaugecdbe of liquidation and then using

following risk measures we must firstly define podjional bid — offer spread:

o= Offer price- Bid price

: : (1.2)
Mid —market price
At this point we can express Cost of liquidatioml@nnormal market condition as:
n i
2 —§4 (1.2)

=12
Where S stands for proportional bid — offer spread for iké& financial instrumenty;
represents the dollar (mid-market) value of thetmrsin the instrument and is the number
of positions. More interestingly we can expresst aofs liquidation under stress market

condition as:

ni1
|§1£ (,Ui +/]i0'i)0’i (1.3)
Wherey; is the mean andi is the standard deviation of the proportional spraad\i
represents the confidence level — “the worst X%nade”. This equation assumes perfect
correlation of spreads in all instruments. At figdance, it looks like too conservative but

when liquidity is tight it is usually the same fat the instruments.

13 Acharya , Pedersen L., (20@@%set Pricing with Liquidity RisPepartment of Finangeyu Stern
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Having those two characteristics of liquidity wend@ally measure the overall liquidity risk
by applying adjusted measure of Value at Risk (VARIR refers to the value that can be lost
on a certain portfolio V, over a given period N hwgertain confidence level X:

VaR = R | (R -R)< V| = 1- X (1.4)

Where Ris the value of the portfolio at time t. In otheords, we are X% sure that
we will not lose more than V unit of currency owegiven period N. Standard VaR assumes
that one can sell the entire portfolio in the resipe markets within the investment horizon
(usually a day) without generating price effectstli®e market. Thus, the standard VaR
understate the real Value at Risk. Therefore, seaaf measuring liquidity risk, we have to
modify the previous equation by implementing theyiwus measures as follows:

n i
Liquidity — adjusted VaRnorms VaIR_Zl— i & (1.5)
=12 )
Which is regular VaR extended by cost of liquiddf unwinding positions in a
normal market. The adjustments for the liquidityR/ander stress market conditions is then

quite straightforward:

Liquidity — adjusted VaRstress VaIR_g E(,u +i1 ai)«ir 14 (1.6)
i=1o

The main advantage of this measure is the simplaitits calculation and easy
interpretation. VaR is widely used measure and geceby the regulators and supervision
bodies. It gives us the answer for the questionviHad can things get? “ However, it does
not tell us anything about what is the expected laoscase “things get bad.” In this case it is
useful to introduce new measure — the expectedfallavhich is often referred as conditional
VaR. Expected shortfall tell us something about tighgoing on in the “tales” of probability
distribution (i.e. in extreme situations) In comstraexpected shortfall is more difficult to
calculate and less easy to interpret and backitast simple VaR. Moreover, the calculation
gets much complicated if the probability distrilautiis different from normal distribution.
The same thing holds for the calculation of VaRnall. Assuming non-normal distribution
we can use the historical VaR or Monte-Carlo simoiha Both concepts bring pros and cons.

The main advantage of historical concept is theegdnvalidity for all financial instruments

14 Equations 1.1 - 1.6 (except 1.t8ken from Hull J. (2009)- Risk management and ri@ia institutions

edition
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(including linear and non-linear instruments) aral additional assumptions are required.
Contrary, the accuracy is affected by the numbesbsfervations (the more observations the
more precise result) and of course by the fact ltistbrical observations do not consider the
current events and possible future scenarios (Blgck Swan problem). Monte Carlo
simulation is generally valid and its accuracy does depend on number of observations.
However, success of applying Monte Carlo simulatidapends on the underlying
assumptions with respect to the distribution ok factors. Yet, we know that bid-offer
spreads are not normally distributéhd that liquidity risk exposure is characterized b
infrequent but severe losses. Hence, the esseiitéas tests are hardly applicable. Overall,
the function of the VaR is only informative. It @ us some idea about how large is our

exposure to the liquidity risk but there is no lehihow to manage it.

5 Banks E., Liquidity risk: Managing asset and fumgiisk, 2005, ¥ edition, Palgrave Macmillan
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2. Liquidity Black Holes — literature review,
understanding, causes of liquidity black holes

2.1. Literature review

The issue of liquidity black holes has been evemeniiscussed since the financial
turmoil (2007-2009). Obviously, the financial cagias made this topic more attractive which
induced the further research in this area. Howewes ,issue is not only product of the recent
crisis but appeared in the world of finance muctHieza Schnabel, Shin (revised 2004) dug
deep into the history and found that there is seareof resemblance in the most recent crises
with the crisis of 1763 in Northern Europe. Specidontractual arrangements at that time,
high leverage, these all aspects caused seveidityqarisis. In addition, interlocking credit
relationships contributed to the widespread cootagilt seems that all the financial
innovations, risk management strategies and otws in financial world are bringing more
problems than solutions. To be fair, it is necessamention that the core business of banks
in 18th century lied in managing the payment sysiertrading goods. Accepting the retail
deposits and providing the loans was uncommon at fteriod. Despite the different
conditions this is the evidence that liquidity acrédit issues are historical problems. The
cohesion of these types of risk is centerpiecénefAnastasia Nesvetailova’s working paper
from 2008. She demonstrates that recent creditcbriand subsequent crash of financial
system is the result of previous liquidity illusioBasel Committee on the Global financial
system defines the liquidity illusion as a situatfen which markets underprice liquidity and
financial institutions underestimate the liquiditgk.”'® Nesvetailova and Ben Bernanke (the
chairman of Federal Reserve of USA) similarly nedichat (in period between 2003 and
2007) there was a glut of large capital inflowsoitite well-developed economies (including
US) from emerging economies (mostly Asian counfreesd thus the emerging economies
became net lenders. Bernanke thought that thesendiasvs together with low interest rates
accelerated the creation of excess liquidity whatentrary the low interest rates gave
incentives to U.S. citizens to take so called NINdArtgages! In fact, low inflation, capital
inflows and savings from emerging markets in USuoed risk spreads laid the ground for the

forthcoming crunch. The illusion of excess ligudwas endorsed by IMF warning against

16 BIS Committee on the Global Financial System @08tructural Aspects of Market Liquidity from a
Financial Stability PerspectivA discussion note prepared by the CGFS for the 2001 meeting of the
Financial Stability Forum (FSF), page 2

I this case the word NINJA is the abbreviation¥o Income, No Job, Asset (Asset equals theestilojf
mortgage — house or other type of building)
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the increasing risk factors stemming from thigerly of liquidity. In Nesvetailova’s opinion,
the credit boom in housing and structured finanpiaducts only disguised the fact that
financial markets in well-developed countries beealiquid. Nesvetailova argue that albeit
discrepancy in savings between U.S. and the engepantries this is still not the proof of
greater liquidity. She blame so called Ponzi Firarmollective thinking by the investors and
the credibility of credit rating agencies for beiihg sources of liquidity illusion. We will now
describe those 3 sources of artificial liquiditgnRi finance (or scheme) refers to the situation
when the debtor is able to repay his debts onlyakyjng a new debt. It is also sometimes
called as the pyramid scheme and typical exampleooizi finance is Bernard Madoff case.
Financial innovations represented by subprime lemdand transition to originate and
distribute model focusing on maximization of feasdme and securitization process (CDO,
ABS) triggered by credit rating agencies was adsbéise for consequent liquidity illusion. In
addition, Nesvetailova criticize the common permeptof liquidity according to which
volume of trades play the major role. Of coursat ththe trade volume is very low we can
say the market is illiquid but the opposite sitoati(i.e. high trade volumes) does not
guarantee that market is highly liquid. This migbet is well-described by the statement of
one risk manager sayingThe possibility that liquidity could suddenly dry was always a
topic on our list but we could only see more liglyi@¢oming into the market —not going out of
it"*® Nesvetailova’s published in 2008 one more papelicdeed to liquidity where she
identified 3 facets of this crunch —macroecononm@rket-centred and international. She
claims that following the end of the Bretton Woadgime liquidity management has become
minor part of monetary and financial authoritiesiterest. Consequently, the liquidity
management faded into the background and stopfiedtieg the current market trends. The
first facet assumes the illusion of Macro-liquiditgore concretely national economy and the
payment mechanism. The main characteristic of dsfgect involves the quantity of liquid
assets in hands of households and firms repregetitgir savings. The second aspect of
liquidity illusion is related to another function the previously well-described quality of
liquidity - the speed at which asset can be boughsold. The author tackles here “the
liquidity paradox” defined by John M. Keynes anckrthraised by Hyman Minsky. This
problem concerns the trade-off between systemidradididual liquidity. Minsky argued that
deregulation of credit environment leads finandiastitutions to exploiting new profit

opportunities. Financial innovations cause the @ase in velocity of money. Enhanced

18 Magazine The Economist, 9August 2008, page 68
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availability of credit enables to increase debtacdly and the debt level is higher in general.
At this point, Minsky warns that every new innowatideveloping a new substitute for cash or
a new way to fund business activities brings dessreia liquidity. Thirdly, the facet of
international financial system is taken into acdodine author thinks about the concept of
global liquidity as a whole. She concluded thatdbatribution of this concept is quite vague
since there is a long discussion about what in ¢abal liquidity is and what the correct
measures to gauge it are. This was clearly denairdtrby IMF in October 2007 when
measuring global liquidity by narrow monetary aggtes with the conclusion that global
liquidity had improved. Another remarkable papecigkering the liquidity and credit crunch
was published by Markus K. Brunnermeier. He congtyetlescribes the creation of liquidity
black holes by illustrating the process of aridiggidity spirals. Firstly, the drops in price of
assets deteriorate capital of financial institutemd simultaneously the terms of lending
tighten. This situation inflates further sellingtbat the assets are sold at even more depressed
prices making the terms of providing credit evenrensevere. Secondly, as the financial
institutions hit their constraints, the lending ohal might dry up. Banks, in spite of not
loosing the access to capital markets start sauinds and withdrawing liquidity. As the bad
news spread to the public it might evoke runs amkbas we witnessed at Lehman Brothers,
Washington mutual fund or Bear Stearns. Last btiieast the network effects might occur.
Network effects happen when financial institutics® both lenders and borrowers. The
process of netting transactions among particulammyparties might be destabilized and
multiple trading partners fail to cancel out traglipositions due to increased probability of
default by counterparty. Nielsen, Feldhutter,Laf@009) examine the onset of subprime
crisis by looking at the fixed income securities rked, especially on corporate bonds.
Corporate bonds are widely perceived as illiquidi¢ss liquid) financial instruments. In their
study, they find evidence that enormous vyield gpgemclude the premium for liquidity.
Regarding to Longstaff, Neis, Mithal (2005) who &g that “pure credit risk component”
can be obtained by detracting CDS premium frombibred spread. Nielsen,Feldhutter,Lando
(2009) proved that this residuum over a defauk psemium is assigned to liquidity risk.
Using several liquidity proxies and simultaneousintrolling credit risk component they find
(Dliquidity to be important factor during onset stibprime mortgage crisis, supporting our
hypothesis of credit/liquidity crunch. Similarly,n€n, Cheng, Wu (2005) test the dynamic
interactions between Credit, interest rate andidiy risk. Their model is based on CDS
spreads too and they try to find a reason why idpadity differs across reference entities.

Their results suggest that financial institutioravén (on average) higher CDS spreads than
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non-financial institutions. Furthermore, they dimitlithese entities into low and high-liquidity
groups according to the frequency of updating CD&ep. The contracts are more liquid, the
more frequently are CDS spreads updated and hbose tontracts have higher spreads. The
intriguing finding is that entities in the same uistty and within the same credit rating class
face higher credit risk the more frequent are tlMDS transactions. Thus, the companies in
low-liquidity groups have lower default risk. Theedit/liquidity puzzle with ambiguous
solutions still persists. Let's get back to theemactions of individual types of risk.

One of the pioneers in liquidity risk managememd diligent writer who has been
regularly contributing to the liquidity black holéterature since 2000 is Avinash Persuad. He
was one of the first guys who pointed out to thpontance of diversity in financial markets,
reinforcing the market liquidity’ His famous discussion paper Liquidity Black Ho{2602)
starts with definition of liquidity. According toipaper the key role in affecting the market
liquidity plays central banks through the sales esplrchases of treasury bills. He stressed
the fact that liquidity is still (in 2002) undersearched concept due to lack of detailed
information about all trades. He offends utility o$ing bid-ask spreads as the adequate
measure in the times of financial distress whenatiequate measure or liquidity proxy is
urgently needed. Nesvetailova (2008) accepts tbisom and moreover she argues that
conventional indicators are useful only in situatowhen markets are closed system —
"neither bid-ask spreads nor the volume of traddiect the aggregate outcome of the
deteriorating quality of portfolios of companiesngorising the market, especially if it is
tightly interconnected with other market segmefifsPersuad see the possible solution in
custodial databases recording the quantity anditgu@le. the price information) of all
transactions. But still, this does not solve theropess respectively closeness of markets as
suggested by Nesvetailova. Yet, we can see howelgsncept of market liquidity can be.
To gauge it more accurately, the relevant measshiesld include the volatility of liquidity.
This needs to be done especially in situation wigendity disappears completely — it means
in case of liquidity black hole.

2.2. Who is who in financial markets?

' To our knowledge, term liquidity black holes* wased for the first time by Nicholas N. Taleb, ynic
Hedging" in 1997 (page 68-69)
% Nesvetailova A (2008)The end of a great illusion: credit crunch and ligity meltdownDIIS Working
Paper no 2008/23, page 5
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We have been speaking quite a lot about so calkedeh participants so far but we
haven't disclosed who these people really are.usejust briefly summarize which types of
investors we can meet in financial markets.

Firstly, we can divide market participants into tgimups — institutional, represented
by the banks, pension funds, mutual funds, etc.thedsmall or individual investors. It is
obvious, that large institutional investors carrm eéhe majority of transactions and
substantially affect trading volume. On the othandh the individual investors take position
in relatively small transactions and quite oftee tlee intermediaries to process their requests.
Secondly, and perhaps more importantly we canngjsish 3 types of investors according to
their purpose in financial markets. These are thdghrs, arbitrageurs and speculators. The
hedgers enter the markets in order to reduce tis&iexposure of their portfolio. Arbitrageurs
are the investors actively seeking for unique itmesit opportunity which can generate risk—
free profit. This could be done by conversion obgaeds generated from the inefficient
markets with mispriced assets to another marke¢réllare certain benefits stemming from
the arbitrage opportunity such as removal of mepg, enhancement of price stability and
last but not least increase in market liquidityThe third group of investors consists of the
speculators. The speculators are seeking for uniguesstment opportunity as well but their
decisions are based on different types of analysis.efficiency of these analyses varies quite
a lot which results in quite volatile outcomes loéit actions. At some point, the speculators
might operate without any analyses and thus theyoéien quoted as the gamblers. A lot of
people consider speculators to be the negativeomgf financial markets responsible for
vast market crashes. To some extent this mightuge-t namely, we can mention for instance
George Soros - the investor that bet on poundirsgerh 1992 and since then he has been
dubbed: the man who broke the Bank of Englandh the other hand, speculators can add
liquidity to the market in periods of illiquid magts and in conjunction with hedgers and
arbitrageurs help to increase the stability of rearKhat is why we should not purely blame
the speculators for the financial crises.

The most important distinction of market particitsafor the aim of our thesis is
distinction according to the trading strategies. tBig, we mean the positive-feedback and
negative-feedback traders. Positive-feedback tsagert buy orders in periods of market
booms and sell - orders in periods of market domstuOn the other hand, negative-feedback

traders buy the assets when the price is (accotditigeir opinion) unreasonably low and sell

2 http://www.citeman.com/5371-traders-in-derivativearket/
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the assets when the prices are unreasonably mgbther words, positive—feedback traders
represent herding behavior, i.e. the situation whese traders feel that part of market
participants have better information and they joibw their steps. Thus, in coalition with
positive - feedback traders they can restore theiliequm either if the markets are
overheated or distressed. The dangerous problesesaif the positive—feedback traders
dominate the market. Bad news might induce dangespiral which might turn out in the
creation of liquidity Black Holes.

2.3. Causes of Liquidity Black Holes

There are numerous reasons for occurrence of liguidlack holes. Modern
literature and the recent articles still bring niesights and so the amount of liquidity black
holes determinants still increases. We will trygither as much as possible information by

using the well-established literature as well astop-to date journals.

2.3.1. Reasons for positive-feedback trading

Hull (2009) explicitly mentioned 4 reasons for pons-feedback trading - stop-loss
rules, dynamic hedging, creating options synthiyiand margins. The impact of stop rules
will be discussed more properly in next sectione Basic idea behind stop - loss strategy is
that trading systems enables to set up some predee level of assets. When the fair value
of the assets decreases under this level the actmmeduce the risk exposure are taken.
Systems automatically close the trader’s positionnmatter how deep is the decrease. The
negative impact can be multiplied if the traderswgethese limits according to some public
investment recommendation or for whatever reasachwinight elicit unreasonable fire-sales
in the market (CNBC effect).

Dynamic hedging is another reason for positivediae#t trading. The aim of the
portfolio managers is to keep their portfolios dedt eventually gamma neutral. In order to do
this they usually use set of call or put optiongegduce potential risk. In case of hedging a
short option position they have to buy (sell) tkseds after increase (decrease) in price of the
assets. Conversely, hedging a long option positidnces opposite actions and leads to the
negative-feedback trading without any consequemeesnarket liquidity. In our opinion,
hedging short option position can be dangerousageecific pay-off scheme of options. We
all know that options are the instruments with iédir pay-off and this could generate larger

price drops as the options become “out of money”.
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Creating options synthetically is the third reasmnpositive-feedback trading and it
is closely connected to the dynamic hedging bechesiging short position in an option is
equivalent to creating a long position in the sapton synthetically¥” This could be well-
demonstrated on the stock market crash in Octdl®&7. Before this crash, markets had been
doing pretty well and the innovated trading appiass facilitated creating options
synthetically. These applications strongly encoacdagositive-feedback trading and created
one of the first liquidity black-hole which lastagproximately for 4 months.

The last reason for positive-feedback trading natethe Hull (2009) is the presence
of margins in financial market. Margins are the regyeen of majority crisis which can
accelerate the burst of the bubble. For examplerbdhe Great Depression in 1932 it was
allowed to purchase assets only with 10% of ownitabpnd the rest was financed by the
debt. The highly leveraged transactions might l&ado called margin calls in periods of
volatile markets forcing traders to close theiriposs immediately. The classic example of
this is the story of Long Term Capital Manageme&itGM) which we will discuss in one of
the next sections.

2.3.2. Marketconsolidation

In previous sections of this paper we have alrea#yntioned the importance of
diversity. In fact, size of the market has vertldito do with the market liquidity. In the last
two decades, the common trend on financial marketsisted in consolidation of particular
markets and creating large alliances such as NOREBURONEXT, etc. These actions were
generally perceived to add extra liquidity and tlemhance and facilitate trading activities.
Notwithstanding, as we noted earlier the turnogemat good proxy for liquidity. The bigger
the market, the more participants trade more instnts and the higher is the turnover but
contrary the impact on prices is higher and theketamight be then less liquidMarkets can

be bigger and yet thinner: liquidity requires disgy.”?®

On the other side, one might argue
that the more participants in the market the mgnaions and strategies they share. In our
opinion, the structure of the market participantatters as well. In general, financial

institutions (banks, pension funds, mutual fundgjnohate in the financial markets. These
institutions are usually members of large, inteoral conglomerates. For example the 3

largest financial groups in Czech Republi¢SOB, KB, CS) belong also to the largest

22 Hull . J.(2009)Risk management and financial institutip@¥' edition

% persaud, A. (2002)iquidity Black Holes:And Why Modern Financial Regulation in Developedi@des is
making Short-Term Capital Flows to Developing CoiestEven More Volatile UN discussion paper No.
2002/31, page 6
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investors in Czech financial markets. All theseafinial groups are subsidiaries of the top
financial groups in Europe such as KBC group, Sedigenerale or Erste group. Hence, the
consolidation of financial market is accompaniedthwihe consolidation of financial
institutions carrying no additional diversity. Thenclusion is that neither market participants
are independent.

Hull (2009) reminds the fact that due to VaR-basezhsures are traders subject to
meeting particular criteria which limit their deicis. The diversity of their decisions or
trading activities is thus reduced. Paradoxicdhg, Hedge funds, often wrongly identified as
the creators of all bubbles and financial crisis daliver additional liquidity. Poor regulation
and variety of trading strategies used by hedgddyut some extra diversity into the market.
However, some aggressive strategies might havestiirsg impacts. In addition, some hedge
funds are heavily leveraged to follow their intetiddrategies. Hence, hedge funds might fail
in adding liquidity and diversity to the marketschase stressed markets in connection with
tightened terms of credit might cause fall of théseds. Persuad (2002) mention (besides
market consolidation 2 more forces of reducing dhesrsity — The collapse of information

costs and Market sensitive risk- management systems

2.3.3. The collapse of information costs

Accessibility to the most actual information chatsgdramatically over the past
decades. Information asymmetry between broker asdclient was examined by several
studies and finally made financial authorities topose higher regulation standards (e.g.
transposition of MiFID directive) to protect thderits. The rogue activities of brokers were
suppressed not only by additional regulation but tbg informational boom as well.
Widespread expansion of cable TV and internet ifatéld the process of delivering the
hottest news and reduced the price or cost of nmition to the lowest possible level. One
might assume that this giant leap might encourd&geinformation diversity. In fact, the
opposite is true. U.S. SEC mandated the’*futedisclose price-sensitive news to everyone at
same time which could be possibly done via interiibe professional investors and analysts
are then no longer the persons with comparativeratdge. Furthermore, Well-known TV
channels such as CNBC or CNN broadcasting the riews financial world in real time
causes that investors use similar information aets can react to these news without any
delay (Acharya 2001). Since all the participantthe market can share the same information

at the same time market becomes one-sided, i.@¢halinvestors want either buy or sell

2 SEC (2000)Regulation Fair Disclosur©ctober 23, 2000
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particular assets. Given the basic assumption ofeqte competition, that there is no
information asymmetry among investors (which isoadse of the CAPM assumption) the
previous situation might actually destroy the markeinciple. Of course, this is an
exaggerated example. It is true that the individnaéstors have relatively same access to
information, but not for all of them is trading ftime job. Secondly, (and may be more
importantly) there will be always some sort of desi information making the decisions about
future operations more valuable for specific traddnformation symmetry is still quite
elusive.

Theory of collapse of information costs was alreaamined by Morris, Shinn
(2001) and was namedCNBC effect” The conclusion of their paper unveils the fwat
public information istoo effectiveand elicits the overreaction of agents on the etai®ne
might argue that for example in mid 90’s when theeze less TV channels covering the
financial news and the internet portals were legshisticated than nowadays, the markets
were more prone to the creation of liquidity bldailes. Why then majority of economists
agree on proposition, that there will be more liyi black holes in future? Possible
explanation is given by New York Times journalisauP Krugmai® who claims that
corporations started mimicking behavior of finahcraarket participants. As economy
becomes increasingly “financialy-marketized” itrigs common problems such as bubbles
too. In our opinion, another answer for this questonsists in the fact that even though there
is a higher diversity in TV channels and websitewadays, sources for these channels has
not changed. The same information is then disteitbubrough all these channels making the

news exaggerated.

2.3.4. Market sensitive risk - management systems

In previous section we discussed the market caestoin as one of the cause of
distress in financial markets. It might sound piblesto consolidate and unify the financial
regulation and supervision as well. Typical exangifléhis happening (at the local level) was
the merger of all supervisory and regulatory bodés one single institution (Central Bank)
in 2004 in Czech Republic. At the global level, ean see the tendency of global authorities
to unite the risk policies and simultaneously cajlifor stringent prudence. Persuad (2002)
claims that this might be a good idea but he idiestithe problem in change of the risk

regulatory buckets for market sensitive measurbserd are 3 reasons for that.

% Krugman P. (2001Qut of the loopNewYork times, March 4, 2001,
http://www.nytimes.com/2001/03/04/opinion/04KRUGrtht
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The usage of few broad risk categories might etezatathe regulatory arbitrage. For
instance, considering that according to BASEL ésulthe financial institution has to maintain
8% of capital due to default risk but in fact tlealr default risk is lower, then it might be
profitable to securitize the loan and remove the lisk loan from portfolio. Secondly,
increasing demand for structured products attra@itexhcial engineers to invent new and
more complex products which were hard to capturg¢hlybroad risk buckets. Last, but not
least, there is common perception that public @fsccannot beat the market when assessing
the risk. This bunch of possible explanations fetgéd and accelerated the implementation of
market-sensitive risk management tools. Hence,ineavations in risk managemerités not
led to a more robust and efficient financial systéut one that is more prone to financial
crisis and induces more concentration of financigks” (Persaud 2000). Here comes Value
at risk again.

One of the basic assumptions underlying VaR isdhdhe market participants work
independently. As we showed earlier this is nog.tftisk managers usually put some limits
for so called DEAR — daily earnings at risk. Onlge limit is exceeded they must take further
steps by selling the most volatile or highly caatetl assets. In fact, to some extent the
behavior of banks is relative to the behavior dfeotbanks. Herding behavior is basically
understand as the negative element on financiakets&rbut there exists some rational
clarification in banking sector, no matter how da@mtal it could be. This clarification is
closely connected with moral hazard — foregoingsome risky projects because of not
bearing the potential negative consequences ofitkastment. Financial institutions might
simply rely on fact that if the majority of themters similar positions, which might result in
a loss, they would be bailed out by central bankgavernment. Thus, the DEAR limit is
exceeded (due to increased volatility in particatearket) not only by one institution but by a
whole group of banks. Portfolio managers in co-apen with risk managers decide to sell
the assets as soon as possible, triggering fustiles. The situation becomes more serious, so
some banks in spite of reducing DEAR sell differasset (held partly by the herd) which is
uncorrelated with the first one. This contributestie higher volatility and the previous
(un)correlation between second and first assetisbsilnow very significant. Moreover, the
DEAR constraints will be hit at those institutionkich were not affected at the first level of
this process. The spiral effect is then extendegrmationally, even to the destinations which
were not initially concerned with business of baoksthe other side of world. The cohesion
of herding behavior and VaR could be dangerousamdy because of previous example.

Sophisticated VaR systems identify markets with tmwrelation and volatility which should
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“guarantee” relatively safe returns as well as thest risky (i.e. high correlation and
volatility) markets which gives deterrent warningdaprevent from any investment. This
gives rise to the so called perplexing paradignme ®hservation of safety creates risk (as the
herd chases after what was safe and investors leeaorerly concentrated) and the

observation of risk creates safety (as the herdilawhat was risky3°.

2.3.5. The impact of capital requirements

The impact of capital requirements follows the jpvag section market sensitive
risk-management systems. The regulation & sup@mviss the main topic of numerous
academic conferences as well as the topic foripialits. The prevailing strategy is to create
one global regulatory framework which should préverarket participants from regulatory
arbitrage. Prior to the Basel | framework there eveast differences in capital requirements
across the countries. Basel | framework was evéytugplaced with Basel Il reflecting the
actual trends in risk management but it seems tthiatwas still insufficient. One single
unified framework should solve the regulatory adge issues but it can bring negative
outcome as well. For instance, increased capitplirement (for example due to bad news)
forces banks to react in the same way when mandgmgnarket risk. Lack of diversity in
capital requirements induce banks to carry on antflansactions in order to reduce their
exposures as we already described this fact inigus\section. In addition, the credit risk is
involved as well. In periods of economic downtusafalilt probabilities increase and so do the
capital requirements for loans under the Basedltéirnal-ratings based modéls.

2.3.6. Liquidity spirals

Now we are going to describe the creation of ligyidpiral as we tackled this topic
shortly in literature overview. There are basicallgources for this situation. We start from

the borrower’s point of view and balance sheetotéfe Loss spiral and Margin spiral.
Borrower’s point of view Loss and Margin spiral

At first, we start with loss spiral which is clogelinked with the process of
leveraging and deleveraging. In this example itlsar how leverage can be useful and
simultaneously dangerous too. If some investomiteapurchase of asset by 90% of loan and
by 10% of his own capital then his leverage rasid©%. Thus, he royally benefits from the

% persuad A. Sending the herd off the cliff edge:drsturbing interaction between herding and maskessitive
risk management systems, Institute of InternatiGiadnce, Washington, 2000, page 8
2" Hull John -Risk management and Financial InstitutipBed edition, 2009
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upward movement in value of assets price but hibkgisuffers from the decline in the value
of assets. In addition, he has to maintain therdge ratio which forces him to reduce the
position in asset dramatically.

Figure 2.
The Two Liguidity Spirals: Loss Spiral and Margin Spiral
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For example, if the initial price of asset is 1G0%®l it decreases by 10% to 91$, the
reduction of his capital is from 10 to 1 declineisthmeans by 90%. At this stage, his own
capital is 1$ but the loan is 90$ which gives #neetage ratio approximately 1.1%. In order to
maintain the leverage ratio he can add some extreeynbut rather reduces position in assets.
In this case he must reduce the position from @0%0$. Unwinding such a large position
generates further selling and the spiral goes @ahamnand the contagious effect hit other
investors. This might again attract some aggressagers such as hedge funds waiting for re-
entering the market and by predatory trading fardine others to close their positions at
depressed pricé8.Yet, we have already described how relatively $ctange in asset price
might trigger huge fire-sales liquidations due éwdrage. The loss spiral negatively affects

stocks with low market liquidity more extremely. i$hs simply because these stocks are

2 Brunnermaier M., Pedersen L. (200" edatory Trading The Journal of Finance, Vol. LX, NO. 4
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much more complicated to trade at time of finandstress. Let's now focus on Margin
spiral.

Margin (or haircut) spiral makes loss spiral evearensevere. By loss spiral, we
considered the leverage ratio to be constant, wihdds not hold for margin spiral. Increases
in margins (or haircuts) force investor to sell mvaore because he needs to reduce his
leverage ratio. Moreover, in times of huge pricepdt margins/haircuts spike, which elicit
tightening the terms of credit. The increases ofrgma/haircuts together with lending
standards following the price drops seem to berowatsial. One might expect that price
drops caused by insufficient liquidity (but peramvto be temporary) might attract new
investors eagerly waiting for this good opportunityenders would then relax lending
standards by lowering margins after the declingrices. Brunnermeier, Pedersen (2009)
argue that there are 3 reasons why the oppoditeas

At first, huge price drops tend to be followed higher volatility and this evoke
higher margins. Secondly, the increase in margmsmapanied with price drops arises due to
higher importance of information asymmetry. The lfyaf assets pledged as collateral is
checked more deeply by using some sort of impaitiests. The third reason is again related
to the risk managers. Relying purely on historidata when estimating future volatility,
results in a situation when large decline in apsees generates higher volatility estimates
and naturally higher margins - despite the fact the&s decline might signal good buying
opportunity. Hull (2009) emphasizes the problenusihg purchased assets which are often
pledged as collateral. As the price of these ag®sts the value of the collateral increases as
well enabling further purchases which leads to ¢hemtion of bubble that sooner or later
bursts. The opposite process (de-leveraging) maogicur as well. The whole process of

leveraging and deleveraging is depicted by Figure 3
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Figure 3.

/;> Investors allowed to increase to leverage /:> Investors required to reduce leverage
They buy more assets They do this is by selling assets
Assel prices increase Asset prices decline
N - - - o — | - . L A
\ Leverage of investors decreases \ Leverage of ivestors increases

Source: John C. Hull: Risk Management and Finanbiatitutions 2e, Chapter 19

To sum it up, the increases in assets prices enabéstors in long positions to
benefit from these upside movements, raise thesfuoydnew borrowings, use the proceeds
from borrowings to purchase additional assets gnthis purchase increase the demand for
this assets and consequently their prices. Onttier dand, the loss spiral is caused by taking
the opposite steps. The decline in assets pricasesathe capital loss for the investors;
increase the requirements for maintaining the Eyerratio resulting in liquidation of the
original position by selling the assets and thugelong the demand leading to further selling.
Both of these spirals are dangerous albeit theepéon of market participants differ. The
first type of spiral is characterized by hubrisemonfidence and overoptimism the second
type is typical for fear and distress.

Lending Channel

Now we are going to look on the spiral from the egfe view through lending
channel. According to Brunnermeier this chann@h&nly driven by two mechanisms: moral
hazard and hoarding. By moral hazard he points touthe classical agency problems
determined by Jensen, Meckling (1976) who propaksatfor shareholders with no big stake
in company is very expensive to monitor the adasitof the management. The widespread
structure of shareholders (especially common fos.Ucompanies) thus does not offer
adequate incentive to monitor lending activitiefisTis quite questionable, since lending
money is the banks core business and the creditigisisually highly monitored and also

well-developed part of risk management.
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On the other hand the relaxation of lending stesml@cemember NINJA mortgages)
was precedent to subprime crisis. Precautionarydinugrefers to the situation when lenders
refuse to provide loans because of potential lass interim shock$® Hoarding grows as the
probability of interim shocks increases or when #oeess to the funds is expected to get
worse. One might argue, that the role of centralkkbshould be (besides moral hazard and
hoarding) the third mechanism affecting marketitiggy. Apparently, the situation on Czech
interbank market where liquidity completely driegl im 2008 showed that mechanisms used
by central bank (i.e. shifting the prime rate) dat wonsiderably affect interbank market.

Credit-crunch is therefore perfect example of ppéicaary hoarding.

2.3.7. Runs on financial institutions & Network effects

Last two channels were partly tackled earlier i tixt and we do not consider them
to be as important as previous channels.

Runs on financial institutions were common for pdrof Great Depression in 1930s.
This phenomenon concerns the early withdrawals Hey dlients scared of the fact that
financial institution cannot satisfy all the clishtneeds due to its illiquidity. Deposit
insurance should prevent banks from these rung@asdme extent we can affirm that since
the Great Depression the amount of runs decrea$adever, the recent crisis pointed to
another type of runs - the runs on the institutiovi®o issued asset-backed securitfes.
Namely, these problems occurred to Bear Stearrs,(Alargin run) or Northern Rock.

Network effects caused by counterparty credit @sid verging to gridlock risk
represent the last channel. The globalization ofrftial markets induced the market

participants to be lenders and borrowers withigleimstitution at the same time.

2.3.8. Spreading the risk or shifting the risk?

Persuad (2005) deals with the interesting puzzteiathe huge increase of defaults
and distress around the world in 2002 as the camseg of large drops in equity indices and
extreme volatility in financial markets. Howevelngtcommercial banks survived this period
almost without any problems. The proponents ofrfai@ innovations attributed this fact to
the greater stability and safety in financial maskdn fact, the systemic risk cannot be
diversified away and the financial innovations udihg credit derivatives and so called asset-

2 Brunnermeier, M.; Pedersen, L. (20@¥ciphering the Liquidity and CreditCrunch 2007—80@ournal of
Economic Perspectives—Volume 23, Number 1—Winté&X26Pages 77-100

%0 Brunnermeier, M.; Pedersen, L. (20@¥ciphering the Liquidity and CreditCrunch 2007—80@ournal of
Economic Perspectives—Volume 23, Number 1, page 20
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backed up securities only transferred risk to amotounterparties. Also the regulators and
supervisors were not right when considering that hedging instruments and techniques,
collapse of computing costs, and the Basle Accetgdu to increase safety in markets.

On the other hand, these regulators put so mufdrt @b protect banks while
devoting less time for other financial institutiorGonsidering the interconnected markets,
large international financial conglomerates inchgdall the types of financial institutions we
must admit that focusing predominantly on bankdighly insufficient and leads to the
concentration of risk. In addition, portfolio mameag of insurance companies are allowed
invest only into limited set of instruments andoed periods their yield on portfolio is lower
than the liabilities they have to meet. This cohtdthe reason for providing more default
protection (CDS) and tendency to use more riskgitderivatives and even equities in order
to maintain their liquidity and solvency. While Hee actions are far more than safe for
insurance companies they try to reduce risk exgobyrmoving the risk to the off-balance

sheets.

2.3.9. lIrrational Exuberance

Last but not least reason for creation of liquiditgck holes was introduced by John
Hull and can be characterized by the term irrali@xaberance. Hull mentioned the famous
speech of Alan Greenspan, the Federal Reserve Bietidnan on December 5, 1996 in
which he claimed’:How do we know when irrational exuberance hasulgdscalated asset
values?®! This phrase pointed to the power of one singléestant made by respectable
person and its impact on the financial marketss Bentence by Alan Greenspan was, need to
say followed by the stock prices declines worldwidteational exuberance is connected
basically with traders and portfolio managers dfedent financial institutions, who might
become interested in particular market or evenairtiqular asset. Compensation scheme for
these market participants is set to reward highlycessful individuals. Thus, at some point
they might become highly irrational and bet only one card which reinforces further
increases in prices till the bubble drops. On theelohand, it might not be irrational but
strictly rational process. As noted in the begignof this master thesis.. AS long as the
music is playing (in terms of liquidity) you've dgotget up and dance’ln our opinion, these
traders are not stupid, they just surf on the waivglobal optimism and as the first signal of
bursting the bubble appears, they will immediatebve the position. We already know that
unwinding the position quickly is not so easy arnthtvare the other consequences it brings.

31 http://www.irrationalexuberance.com/definition.htm
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Having finished, the discussion about potentiaboea for liquidity black holes we will now

focus on the past and more recent crisis in whaghdity black holes occurred.
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3. Liquidity Crisis and Black holes in History- Lessors
learned

3.1. Story of Long Term Capital management/ Russianscris

There were many liquidity crises which consequergbulted in liquidity black holes
in the past.

The biggest disaster and perfect demonstratiorowfliquidity matters was the story
of hedge fund called Long Term capital ManagememtCM) whose downturn followed the
Russian crisis in 1998. Unlike the Asian crisise tiisk of default stemmed form tradable
instruments instead of the bank loan credit ridcdddly, the duration of Russian crisis was
shorter than the Asian crisis but still it was géved (by the majority of market participants,
analysts and so on) to be much more se¥eltealso demonstrated the unexpected fact that
one particular event on emerging markets can dishgpstability on the well-developed U.S.
markets. Last but not least, despite the fact Ruossiisis is closely related to LTCM fund it is
worthy to separate these events. While the outaaminfussian crisis is concerned with credit
risk, the LTCM near-collapse unveiled global ligtydshock.

Let's now focus on LTCM fund. This hedge fund wasirided by famous and
respectable bond trader John Meriwether, formerl@ysp of Salomon brothers. Meriwether
gathered a team composed of academics as weleadsest bond traders. Among others, his
team included Nobel Prize winners Myron Scholes &ubert Merton. LTCM strategy
consisted in mixing academic approach representedjuantitative models and market
approach represented by the experience of tradarsconjunction with authority of
Meriwether LTCM created solid prospects of highipfiable organization which attracted a
lot of investors including major investment banksholes and Merton believed they could
reduce risk exposure to almost zero level and &shdhimed thatLTCM works like a giant
vacuum cleaner sucking up nickels that everyore tedsl overlooketf®® Apparently, putting
these approaches together was not as easy as itsupgmwsed to be but even though
Meriwether and his team managed to raise $1.2%omilnainly due to large institutional
investors including the well-established investmbahks. The large investors were not
discouraged even by the extraordinarily high feethe commitment to deposit funds for at
least 3 years.

%2 Dungey M., Gonzélez — Hermosillo B., Martin V2002)International Contagion effects from the Russian
crisis and the LTCM near-collapsi#F working paper
33 http://www.econlib.org/library/Enc/bios/Scholesttit
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LTCM tried to discover arbitrage opportunities ksing large market databases and modern
computers which enabled them to monitor generdepet across the market. Whenever the
movements on the market deviated from the patterfroon the models invented by the
academics it was a signal for arbitrage. Note, tH&EM history started in 1994 when the
computers were much less developed than those msékhders nowadays and the use of
internet was limited as well. Despite well-annowhdetended strategy supported by
academic background the real trading activitiesewfar simpler showing that the practical
skills of traders were slightly predominant. Onetloé trading strategies can be depicted as

follows:

Fequity = lassetst L (Fassets Irdebasdr (3.1)
where kquity IS the rate of return on equity capitaksésstands for rate of return on overall
capital, kept IS the interest rate on debt and L is the leveragje (i.e. debt to equity ratio).
The equation 3.1 clearly demonstrates that LTCMitatality was amplified by the leverage
ratio. Yet, we all know how dangerous leverage lbaand why it is often referred as the two-

edged sword like in the following equation:
I’iSkequity = (L+1)riskyssets (3.2)

In other words, equity risk of a leveraged positisrmultiplied by the (L+1) factor. This
equation assumes the risk to be measured by sthddaration as in modern portfolio theory
as well as measured fyin CAPM. In this case the debt is risk-free. LTA&¥erage ratio
was about 30% which means that LTCM needed onlyhigher return on capital ratio than
the interest rate on debt to generate 30% returedunty capital while keeping costs of
capital very low. Such low costs of capital weraaleed due to strong bargaining power of
LTCM dealers and the fact that none of the bankst@hto end up business with LTCM
fund.

LTCM concerned about speculative position and dleaaconvergence arbitrage based on
interest rates differences. Consider company th&ues two types of bonds with different
liquidity promising the same pay-offs - the legpuld bond A and more liquid bond B which
means that bond A will be always cheaper than bBndh this case LTCM enters long
position in bond A and simultaneously short bondvBile expecting that the prices will
converge in future. If there is an upward movemanthe interest rates the prices of both
bonds decline approximately by the same amourtiaahe collateral paid for bond A will be

the same as the collateral received from bond Bvarelversa.

3 http://www.sjsu.edu/faculty/watkins/ltcm.htm
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This strategy was generally accepted by all reievmdies in LTCM management and it
generated abnormal profits for almost four yeal®CM fund beat all the benchmarks such as
DJIA or S&P 500 which attracted additional investorput their money into this “cash-
machine.” On the origin of LTCM in 1994 there we86 investors pulling together $1.3
billion as an initial equity capitalization whilénaost four years later (in December 1997) this
equity capitalization increased by $5.7 billionapproximately $7 billion. During first two
years the average return of fund reached tremengfdfdsand during the next year it was still
outstanding 27%. In the beginning of 1998 the ptidfof LTCM amounted to more than
$100 billion while net asset value stands at sothbiliion.>® The magnitude and importance
of LTCM fund can be depicted by its position in psavhere LTCM held 5% of entire global
market. Everything was going fine till the summesa.

In august 1998 Russian Government devalues Rulidledaclares moratorium on $13.5
billion of its treasury debf What followed is often referred as tHight to quality which
meant that investors immediately closed their ripkggitions in emerging markets such as
Russia and (re)entered the well-developed markaksng positions in most secure
instruments dominated by the risk-free governmeamds. The Russian sovereign default
would be less severe for LTCM if it was not folladvby the collapse of Russian currency.
LTCM was selling the rubles believing this coulddbe their exposure but Russian
government stopped international trading with usrency to prevent Russia from the attacks
of speculators. The most disastrous thing that m® foom the sophisticated LTCM team
expected was the above mentiorileght to qualitywhich can be transcribed as ttight to
liquidity. Investors demanded highly-liquid assets on the th&xkets and they were willing
to pay incredibly high premiums even for the riglef assets with lower liquidity. Investors
preferred the recently issued instruments so cdibedthe-run” securities traded on U.S.
treasury market. Panic behavior could be demormstray the widened spread between “on
the run” and “of the run” treasury bonds which ssially insignificant.

The major part of LTCM un-hedged risk lied in hslance sheet that was extremely
sensitive to the price of “liquidityin periods, when liquidity played more importanterits
short positions values rose more dramatically tih@nvalues of long positions. The situation
was more exacerbated by the unanticipated decieabe amount of issued U.S. Treasury

market making the flight to liquidity in U.S. matkemore intense. Another problem causing

% Edwards Franklin R Hedge Funds and the Collapse of Long-Term Capiha&gement, Journal of

Economic Perspectives—Volume 13, Number 2—Sprig@g1®ages 189-210
% http://www.erisk.com/Learning/CaseStudies/Longfi€apitalManagemen.asp
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the “near-collapse” of LTCM covered the top bonadars within LTCM. Their hubris and
overconfidence contributed to the additional betton the changes in financial markets
ignoring the financial turmoil and Russian CrisISTCM strategy was focused on the
“normal” markets with less volatility but during mumer 1998 the markets were extremely
volatile. We know that highly volatile markets seoror later become less volatile but time
factor played crucial role for LTCM causing extrelosses in its portfolio value.

On the ' of September 1998 John Meriwether officially adthat LTCM fund is in serious
troubles and set specific rules for current invesio LTCM which allowed them to withdraw
only 12% of their money and not before December81®juity capitalization dropped to $
2.3 billion. Three weeks later is the total valdeequity capitalization only $600 million.

Value of $1 invested thus dramatically declinechimitfew weeks as it is depicted in Figure 4.

Figure 4
Chart 1: Value of $1 invested in LTCM vs. S&P 500 (March 1994.October 1998)
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At this point, LTCM hit their margin constrairgsid its main creditors were thinking
of whether to initiate margin calls. With relatiyainchanged amount of assets which totaled
about $126 billion the leverage ratio increasednfeome 30 to 1 unbelievable 55 to 1. The
creditors were in tricky situation because theyenaware of the danger it could bring to the
market. In addition, most of the creditors wereesstors in LTCM as well which made their
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decisions even more complicated. The next day,3rd 3eptember AIG, Goldman Sachs and
the oracle of Omaha - Warren Buffet offer to buydM fund for $ 250 million and bail out
this fund by $4 billion injection but the deal wesected. The global threat of upcoming
systemic crises led FED reserve bank to take tbeitaible steps as soon as possible. On the
same day in the afternoon, FED decided to createipgiof commercial and investment
banks’ (including the LTCM creditors) which should add.%aillion into LTCM while
taking over the management of the fund in exchdog@0% of LTCM’s equity® The whole
process was smoothly accepted by these institutiti®ut any remarkable complaints. We
would not have expected FED reserve bank to ieisatch steps since the LTCM was a hedge
fund whose regulation is quite limited. ApparenthyfCM became too big too fail which
justified these steps. In addition, other significenvestors such as Salomon Brothers, Merrill
Lynch, etc. held similar positions and the negatpact of the Russian default might have
deteriorate the systemic stability even more.

Only few moments after take-over of LTCM fundnka concerned with this fund started to
revaluate the items on their balance sheet comhedth LTCM and the massive write-offs
were done.

To sum it up, the “cash-machine” called LTCM turrietb huge disaster resulting in a total
loss close to $4 billion. The above mentioned fhat too many investors were holding same
positions was one of the reasons of liquidity blholes. Basically, there are two explanations
for this concentration of opinions — firstly, thensputer systems creating the financial models
for the leveraged investors generated same restilsse on-the-run treasuries were
substantially more expensive than the off-the-rureaSuries Secondly, many of the
investment banks received information about tradamgivities of LTCM through their
internal deals with LTCM and they just mimicked tbigategy of this fundThe Russian
sovereign default causing almost fall of the LTC##&l Ito worldwide contagion of global
liquidity shock affecting emerging as well modemdavell-established markets. Moreover,
the contagion effect stemming from LTCM fund wasrenwidespread than the initial shock
from Russian crisid& The changes in market liquidity (including emergiand well-

developed market) covering the period of rise atidfTCM is depicted in Figure 5.

37 For instance the group included banks such asr@idSachs, Merrill Lynch, J. P. Morgan, Morgan &tgn
Union Bank of Switzerland, Lehman Brothers,

38 http://www.erisk.com/Learning/CaseStudies/Longfi€apitalManagemen.asp

% Dungey M., Gonzélez — Hermosillo B., Martin V2002)International Contagion effects from the Russian
crisis and the LTCM near-collapsi#F working paper
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Figure 5

Liquidity index for emerging equity markets
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Source: State street, Persaud, A. (2002) Liquidity Black Holes; UN discussion paper No. 2002/31

Liquidity index for emerging markets was created Uming State Street’s cross-border
custodial data covering approximately 10% of therle&ve tradable securities across 42
countries. Based on Froot, Connel, Seasholes (I88f)odology Figure 5 shows the average
percentage price impact faced by an overseas mves$ien buying or selling one basis point
of the capitalization of an emerging equity markEtoot, Connel, Seasholes (1999 regresses
returns on contemporaneous buys and sells.

Graph clearly demonstrates how the LTCM near-cettaand the flight to liquidity widened
the buy-sell spread in emerging markets (expreaseth average % return per bps. of market
capitalization in equity market) and reached thstdnic high levels. If we focus on the
Buys/Sells gap from Late 1998 to spring 1999 we canclude that this period was
characterized by positive — feedback trading,fugher selling generated declines in returns
and vice versa.

LTCM did not represent the first crisis of highlgveraged fund (e.g. Orange county fund
suffered also huge losses) but definitely changedcommon perception about liquidity risk.
Its strategy based on deviations between markeewahd fair value did not take into account
the aspect of market liquidity and its potentialktt for systemic crisis.
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3.2. Asian liquidity crisis 1997- 1998

In July 1997 had some Asian countries experienes@re financial crisis which is
sometimes known as "Tom Yum Goong crisis" nameer difte Thai hot-and-sour soup for its
specific progress. In comparison with LTCM/ Russtaisis, it is obvious that those 2 crises
happened almost simultaneously. This might inditaecontagion effect and infection of one
financial system by another. We are certain theséhevents share at least one common factor
— the liquidity risk.

First of all, we must define the situation in Agidor to the onset of the crisis. Asian
countries, namely South Korea, Malaysia, Indonasi Thailand were often referred as the
“New Asian tigers” which symbolized their extraardry economic growth. New Asian tigers
managed to maintain annual average growth of GDIR #.7% (Indonesia) to 7.4 % (Korea)
for 30 years. Large flows of capital were transddrto these “ever-growing” countries. At
some point these large inflows represented halfheftotal capital assessed to developing
countries.

However, nothing lasts forever and so do this eogdented long growth. There were
some rumors about potential collapse of Asian aesasserting that economic growth was
based only on the capital investments and thatl t@ietor productivity affected GDP
marginally®® In other words, the GDP growth was too much cotreged on capital flows
and once these flows stop the disaster scenari@eaur. In second quarter of 1997, portfolio
flows to Asian countries amounted roughly 10% af portfolios of internationally focused
equity fund&'which gives evidence of excessive concentration.

Triggering point which caused the upcoming crasls We switch of exchange rate
regime from currency peg (Thai Baht to USD) to fhee - floating regime. Thailand’s
economy was closely dependent on the inflows ot ‘fthoney” still demanding higher and
higher inflows which was unsustainable. Malaysia amdonesia suffered from so called
“crony capitalism”. By “crony capitalism” we meahat distribution of profit from large
capital inflows which were unevenly allocated tce thertain groups. Information about
change of the currency regime spread rapidly anésitors lost the confidence in Asian
markets. Nearly perpetual economic growth turneéd massive downturn causing GDP falls

0 Krugman P. (1995)he myth of Asian miracle, Foreign affai8tanford University
“1 persuad A. (2003)iquidity Black Holes Understanding, Quantifying and Managing Financiauidity
risk, Risk Books, First edition
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by 16.5% (Korea) or by 15.3% (Thailand) in 1998.eTAsian miracle turned into Asian
mirage. The prices of assets were in a free-falh wo future prospects which made investors
to put further sell orders and we already know th& usually generates only one possible
outcome — liquidity black hole. Radelet, Sachs @)%rgued that crisis was the result of self-
fulfilling prophecy and concluding it was crisis bduidity not solvency’? Radelet, Sachs
(1998) also noted that the prophecy was encourbhgdte lack of urgently needed reforms.
This theory was not accepted by the majority ofnecoists for simply reason. If those
countries need to be reformed, how could then shisyain such a growth lasting for decades?
Or if the necessity of general reforms was so aljievhy the crisis was then unanticipated?
Finally, IMF intervened and provided $40 billionjention to initiate the recovery of Asian

countries but obviously, it was too late.

3.3. Liquidity crises — lessons learned

Due to limited space for this part of master thesshave named only a few liquidity
crises. There were numerous examples of liquidises (Ashanti Goldfield, Northern Rock,
Metallgesellschaft, Orange County) in history b wonsider them for the purpose of this
master thesis less important. LTCM/Russian andrAsigses are the most glaring examples
of liquidity black holes.

Asian countries had experienced shocks in ternigjaiity funding risk followed by
liquidity trading risk. Similarly, Russian/ LTCM ises demonstrated almost the same process
despite the fact that it occurred on separate nmrikesian and Russian crises also showed
that country default risk should not be underestmaA recent event in Greece, which is
close to the country default and has to introducstaaity plan is clear evidence.

Perhaps more important characteristic was the ¢dssonfidence in the markets
accompanied by increased manifestation of herdagwior. It is hard to predict, what would
have been the consequences if the IMF or FED redmamk had not bailed out the countries
and institutions. Essential point for this mastegsis is the finding that the market liquidity
can immediately evaporate no matter if we are ituneamarkets or in emerging markets.
IMF changed its stand-points regarding to marlatidlity in mature markets and since 1999
officially admits the occurrence of liquidity bladtoles during the year 1998 in Treasury,
repo and Dollar/Yen market. Despite the willingne$dMF to take quick steps to provide

help to the Asian countries, these attempts hadunteeded in restoring market confidence.

“2Radelet S., Sachs J. (1998)e East Asian Financial Crisis: Diagnosis, RemsdirospectsBrookings
Papers on Economic Activity, Volume 1, 1998, 1-74
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Figure 6

Liquidity black holes: number of days per quarter that the U5, Japanese and UK broad stock  Liquidity black holes: number of days per quarter that US3/yen has moved 2 standard
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Source: State Street

Apparently, none of the markets is protected frins phenomenon. The spikes in
volatility (we will discuss it in next section) ifwhte increased appearance of liquidity black
holes in 1998 and 2001. There is one more inteigstonclusion of these crises. From the
previous text we can derive that liquidity blackdsowill appear more frequently in emerging
markets in future. Emerging markets are drivenomdy by the local changes but they also
depend on changes in major markets such as NYSE, dt& and therefore they have to
absorb much more new public announcements.

As a consequence of previous crises financial liialrum was establishédicalling
for greater disclosures in hedge funds. This ha®re popular evergreen since then and
whenever there is any sort of crisis politicianguiee higher regulation of hedge funds and
bigger transparency in their activities. In fachformation symmetry is not sufficient
condition for bubble—less markets and even in albslyl transparent environment crises will
appear. There is some sort of anecdotal evidemtertformation symmetry is a good thing as
we already discussed this topic in chapter devit@dwuses of liquidity black holes.

Last thing, we would like to point out about gemedisclosures and absolute
transparency is the different impact for particutabjects. Consider the most recent crisis

concerning the potential sovereign default of Geedn this case, government “cooked the

3 http://www.financialstabilityboard.org/about/hisgchtm
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books” and manipulated the data about public débthe manipulations were disclosed
earlier, then market participants trading governintends would regain confidence shortly.
On the other hand, think of the consequence of LTCMis, if the FED had decided to
uncover all the counterparties of LTCM fund. In apinion, decline in market confidence

would be even more dramatic.
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4. Measuring Liquidity Black Holes

We have already discussed the pros and cons af bglrask spread. Avinash Persuad
suggest that the easiest way how to capture tiqgdrecy of liquidity black holes is to simply
sum up all the spikes in volatility. In other wordge calculate all the days in which the broad
market index has moved by 2 standard deviation® iihamn the average daily market mate.

To capture the average daily market move we intteduithmetic return:

L S !
i = (4.1)
Mt -1

Or for continuous compounding:

It
In

"lo g (4.2)

-1
We will plot standard deviation on annual basisoisws:

. \/1_§ (ri ‘;)2 (4.3)

n-11=1

Wheren represents number of observations anis the average daily price move.

The biggest advantage of this method is its sinplio combination of easy access to
the data. In contrast, there is no explanationsaigi2 standard deviations as the signal of
liquidity black hole. We are aware that such vditgtindicates a huge price changes but we
miss some sort of empirical justification for tlmedel. The second question related to this
measure is how to convert this measure in case ave 1@ find out if there is occurrence of
liquidity black hole in shorter period. We assuthnatthis ratio is constant.

Moreover, we should not put liquidity and volatilion equal level. Naturally there is
strong correlation between those two variablesvioldtility might not be entirely explained
by occurrence of liquidity black holes. The causahtionship goes from liquidity black
holes, not the opposite way. Persuad (2001) decitlthrough the well-functioning market

where traders adjust their bids according to regertlic announcement. Conversely, -

* persaud, A. (2002)iquidity Black HolesUN discussion paper No. 2002/31
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functioning market is the market where decreaseasstt prices induced by new public
information trigger further falls. Hence, this meas of spike in volatility captures all
liquidity black holes, but not all the spikes miglpresent liquidity black hole.

Cohen, Shinn (2003) provide more sophisticated tfpmeasure based on the vector
auto regressive regression. In fact, this model lteeh invented by Hasbrouck in 1991 but
Cohen, Shinn used it as the relevant measure doidity black holes. This approach is
completely different from the previous model of Aash Persuad. As we noted earlier,
liquidity black holes depend on which type of intees dominates the market. Hence, Cohen,
Shinn (2003) built up their model to capture thaipee-feedback trading - investors buying
on rising markets and selling on falling marketsisTcould be done by focusing on order
flow as one of the key determinant of assets pi@nges. Using such a model might enable
us to assess the causality — i.e. whether thedsegsein prices induce more buy orders and
vice versa. Positive-feedback trading arises ifamtyj of market participants are constrained
and these participants are aware that other paaitits are constrained as well. The effect can
be much enhanced if traders are close to theiiingatimits.*> Original methodology for
positive-feedback trading introduced by Hasbrout®9() and is based on estimating two-

variable vector auto regression as follows:

5 5
=2 dift- L Aradg g ey (4.3)
5 5
tradg = ig Vi b +i§0q'trad1_e_i téxt (4.4)

Where fis the return variable, trad@vhich is a signed trade variable ) is represented
by 2 variables: % variable - x - isan indicator equaling 1 for buyer —inititated tractson, -1
for seller initiated transaction and 0 if therepitce change without transactiod ®ariable -
Vi represents the size if the trade in millions oflaksl multiplied by 1 for buyer- initiated
transaction and -1 for seller-initiated transactimeluding g trade on the right-hand of the
equation (4.3) enables us to capture trades omgraent before revision of quotes.

The illustration of positive-feedback trading isfigure 7b - while the market with no

positive-feedback trading (and without liquidityabk holes) is in figure 7a

> Persuad, A.(2003)iquidity Black Holes Understanding, QuantifyingdaMlanaging Financial Liquidity Risk
management books, first edition, , p.125
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Figure 7 a,b
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4.1. BCBS liquidity metrics

In the first part of our thesis, we discussed thegples for sound liquidity
management. Basel committee for banking supervigiwesumably considered these
principles to be insufficient and issued new pagadied International framework for liquidity
risk measurement, standards and monitoring in Dé@#n2009 as a result of enormous
amount of banks asking for bailout. In this newnfeavork BCBS focused on resiliency and
liquidity stress testing for internationally actilkanks.

According to BCBS survey more than 25 measurescandepts are used globally by
local supervisors and in order to implement morasiency, BCBS introduced set of
monitoring tools dealing with contractual maturitgismatch, contraction of funding,
available unencumbered assets and market-relatadaring tools.

Main goal of BCBS paper was introduction of two nkguidity measures Liquidity
coverage ratio (LCR) and Net Stable Funding (N&Epr LCR should serve as a measure of
short term resiliency of the liquidity risk to sirg critical periods for approximately 30 days.
NSF is basically designed to capture structuraldsselated to funding choices and promote
resiliency over longer-term time horizo#sThe LCR identifies amount of unencumbered

high quality liquid assets that could be used feaifthe net cash outflows.

Stock of high quality liquid assets >100%
Net cash outflows over a 30-day time period (4.5)

4 BCBS(2009) International framework for liquidity risk measurent, standards and monitorinBeport of
Basel comitee for Bank Supervision, BCBS 165BCBfepd 65, page 2
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Apparently, LCR is well-know ratio used by banksaasinternal metric used for expressing
the exposure to contingent liquidity events. Theppae of introducing new “LCR” consists
in precise definition of the numerator (Stock ofthiquality liquid assets) and denominator
(Net cash outflows over a 30- day period.) Highligquéiquid assets are the assets which are
easily convertible into cash without any value &sssThe question is, what kind of assets is
classified as highly liquid after financial turmdD07/09? BCBS determines fundamental
characteristics (low credit and market risk, easeé eertainty of valuation, low correlation
with risky assets) and market — related charatiesi¢active and sizable market, presence of
committed market makers, low market concentratibght to quality). More specifically,
BCBS published list of high quality liquid assetsigh contains following assets — Cash,
central bank reserves, marketable securities, septig claims on or claims guaranteed by
sovereigns, central banks, non-central governmabtiq sector entities and under certain
conditions corporate and covered bonds can bedadluwWe appreciate that BCBS precisely
distinguished high quality liquid assets in thip@aand gave a signal of how to evaluate
liquidity risk at least at elementary levels. Or thpposite, this precise specification could be
a little bit tricky — Maintaining certain level diigh quality liquid assets might lead to
remarkable concentration of banks in these asgstsrj order to fulfill BCBS requirements.
Net cash outflows are defined as cumulative expeci@sh outflows minus cumulative
expected cash inflows arising in the specified sstrecenario in the time period under
consideration. Cash outflows comprise retail deppsinsecured wholesale funding run-offs
provided by small business customers, non — firsncorporate customers, corporate
customers and other legal entities or secured figndin — offs. Cumulative expected cash
outflows are multiplied by expected percentagesddimg on amount of money assumed to
roll-off and by specified draw-down amounts to was off-balance commitments.
Cumulative expected cash inflows should be caledlatith respect to the basic accountancy
rule — prudence rule. This means that only nedi00€6 sure cash inflows should be counted.
Supervisors should also monitor the concentratfazash inflows. Capital inflows are namely
retail, wholesale inflows, reverse repos and setlgadings, lines of credit or other cash
inflows.

Net stable funding ratio measures the amount ngdo — term stable sources of
funding employed by an institution relative to tigpidity profiles of the assets funded and

“”BCBS(2009) International framework for liquidity risk measurent, standards and monitorinBeport of
Basel comitee for Bank Supervision, BCBS 165BCBfepd 65, page 11
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the potential for contingent calls on funding argsi from from off-balance sheets

commitments*8

Available amount of stable funding
. -=100%
Required amount of stable funding

(4.6)

This ratio better reflects current problems ofitgdtoxic assets in off-balance sheet.
Thus NSR better captures all the liquidity risk espre on as well as off-balance sheet
commitments. By “available amount of stable fundirgmeant total amount of institution
capital, preferred stocks, liabilities with duratsoone year or longer and portion of stable
non-maturity deposits or term deposits with maiesitof less than one year that would be
expected to stay with the institution for an exthgberiod in an idiosyncratic stress event.
Required amount of stable funding is monitored adplisted by supervisor who determines
relevant types and amounts of particular assetkdrthas required. Required stable funding
factors that are assigned to particular assetshar@arameters that could not be monetized
through sales or used as collatéfal.

In remainder of BCBS paper is described classiboabf monitoring tools and the
weights assigned to these tools. We have alreaghusised some of them (GAP analysis,
market concentration, etc.) and therefore we dkip part of the paper. In conclusion, it is
important to say that LCR and NSF ratio are inteinde minimum requirements that banks
have to meet. These measures do not have ambit@mve whole liquidity issue but might

serve as basic buffers identifying potential liqtyiatrisis.

“8BCBS(2009) International framework for liquidity risk measurent, standards and monitorinBeport of
Basel comitee for Bank Supervision, BCBS 165BCBfepd 65, page 3

49 BCBS(2009) International framework for liquidity risk measurent, standards and monitorinBeport of
Basel comitee for Bank Supervision, BCBS 165BCBfepd 65, page 22
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5. Liquidity Black Holes in Czech financial markets

In following sections we will examine presence igjuldity black holes in Czech
financial markets especially in stock market, idiank market and foreign exchange market.
In section devoted to stock market we will try ®ewoth measures as described in previous
section in comparison with major worldwide indic®ge will test theoretical predictions for
period starting in mid 2005 to mid 2010 with spé@ephasis to the period of financial
turmoil in 2007 - 2009.

5.1. Stock Market

Stock markets attract most investors in generalthacefore are often examined by
numerous of academics. Movements in stock markaislly precede economic growth or
declines. This is simply because big corporatisrtsggse shares are traded, go public in order
to raise funds. An access to the funds in stockketatetermines investment policy of each
public company and therefore assesses economidtgrow

For this master thesis we picked the well knownidesl S&P500, FTSE100,
EUROSTOXX and compared it to Czech stock exchanmgiex Px. Despite different
composition of each index, amount of stocks inctu@@&P 500 includes 500 instruments,
FTSE includes 100, EUROSTOXX includes 50, but Pgragimately only 13 stocks!) and
other factors all indices are significantly and ipesly correlated as depicted in Figure 8. In
addition, each of these indices covers stocks fuamous industries and therefore offers
diversity for prospective investment decisions. iRagedit boom starting in 2003 triggered
the growth of all indices lasting till the mid o0@7 when well known U.S. subprime
mortgage crisis burst. Apparently, within the sumer crises in 2007 the major foreign
indices started to decline and this was followethwome time lag by Px index. The largest
declines were recognized in autumn 2008 when LehBrathers went bankrupt. All the

indices selected for this thesis lost more thahdfaheir values within one or two quarters.
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Figure 9

S& P500 |FTSE 100 [EUROSTOXX [PX Total
IX-05 3 2 4 - 5
XI-05 |5 4 4 4 17
111-06 2 3 3 3 11
VI-06 5 4 2 4 15
IX-06 5 4 3 5 17
XI-06 |4 4 5 9 14
11-07 4 4 4 1 12
VI-07 4 3 3 0 14
IX-07 3 4 3 4 12
XI-07 6 12 4 2 31
111-08 3 3 3 12 21
VI-08 4 4 4 0 12
IX-08 7 2 3 8 20
XI-08 |4 6 5 9 24
111-09 3 4 6 2 15
VI-09 3 2 2 8 15
IX-09 6 3 4 11 24
XI-09 |4 4 2 15 25
11-10 3 2 3 3 11
VI-10 6 4 3 3 16
Total 84 78 70 103 335

Source: Reuters + own computations

-B53 -




According to Figure 9 total number of liquidity blaholes for this period is 335.
Apart from index PX the largest amount of liquidithack holes (84) is assigned to S&P 500
index. This is plausible for our hypothesis thaerewroad portfolio of instruments of high
quality attracting millions of investors does neeocome liquidity risk. In this case, despite
the relatively small differences the fewer instrumsetraded within the index the less liquidity
black holes.

However, PX index incurred within the last five y&d03 liquidity black holes
which is by 40 black holes more than S&P500. Weebel this might be due to the higher
amount of events that emerging markets have torfcate. Volatility is contagious and
emerging markets has to face two types of inforomatt information coming from well—
developed markets and information from emergingketaitself. In addition, investors from
well-developed countries consider central/eastemnoie as a bunch of similar countries with
insignificant difference and do not care about gmemarket conditions. In theirs flight to
quality they unwind large positions causing prieelthes and triggering herding behavior.

If we take a look at time period with the highestguency of liquidity black holes
we resume that the most prone period for liquibigck holes was from 09/2007 till 03/2008
and from 6/2008 till the end of 2009 which couldrbported as a response on subprime crisis
respectively to the fall of Lehman Brothers andddiof other banks. We can also see that
Czech stock market reacted with a certain timewagh contributes to the hypothesis that
financial crisis was “imported” to Czech Republic.

We have also found out that liquidity black holesOzech stock market usually lasts
for more than one day( usually at least for 3 congee days). As an extreme example 12
black holes in January 2008 occurred within 13 eonsive days! Further details can be
found in Appendix of this master thesis.

Unfortunately, we are unable to test positive- etk trading due to the lack of
important data about initiators of transactions lavlthese data are considered as highly
confidential. In order to support our hypothesisigdidity black holes in Czech stock market
we rather focus on total turnover in stock markée must take into account changes in Px
composition (new IPO, delistings) which might salosially affect short term liquidity. Initial
public involve ECM (December 2006), AAA (SeptemB&07) VIG (February 2008), NWR
(May 2008) and KIT digital (January 2010). Contrashares of Zentiva were delisted in
April 2009. Total turnover in Stock market is detpid in Figure 10
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Figure 10
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We received data only for period starting in aug2@06 till June 2010 but for
purpose of this master thesis it is enough. Kejoperwere first quarter of 2008 and théh 3
an 4" quarter of 2009 when total number of liquiditydkeholes exceeded amount of 10. First
quarter of 2008 is characterized by extremely Hhiginover reaching more than 10 billions
CZK followed by dramatic decrease far below therage of the first three months®and 4"
period of 2009 is characterized by low trading\attias a whole for two reasons — Firstly, it
was summer which is always connected with lowetitig activity and secondly whole year
2009 was affected by decrease in trading actiuityhis environment every large transaction
can substantially increase volatility and elicquidity black holes. New IPOs or delistings
from Prague Stock exchanges affected turnover withoy remarkable significance.

5.2. Inter - bank market

Inter—bank market is designed for short-term ojpanat (usually over-night
operations) between commercial banks and centnalk. b@inancial turmoil culminating in
autumn 2008 has deeply affected Prague inter-baarkanas well. Millions of transactions
were processed in order to satisfy short-term difui needs of banks in “pre-Lehman
Brothers fall” period. However, fall of this invesént bank triggered the forthcoming global
liquidity/credit crunch and completely paralyzedeCla inter-bank market. Firstly, we will
analyze the amount of liquid assets in aggregdtmba sheet and the Capital adequacy ratio.

Secondly, we will explore the history and progresmter-bank interest rates.
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At first, all the CEOs of major banks in Czech Repu claimed the financial

stability of “their” banks. They often supportectihspeeches by asserting the ample liquidity

measured by loans/ deposits ratimithout speaking about liquidity trading risk. be fair,

there was no bank which ran into difficulties origthwould ask the government for bailout.

On the other hand, the bankers did not emphase&sithation in inter-bank market

where the liquidity disappeared over night and dgsd whole market.

Figure 11
Liquidity
31.12.2006 31.12.2007 31.12.2008 31.03.2009 31.12.2009 I. Q 2010
Highly liquid assets in
total (netto) 957 437 899 035 932 672 1 050 943 1 036 245 1120823
Highly liquid
assets/assets in  total
(%) 30,38 23,97 23,06 25,46 25,31 27,26
Capital adequacy ratio|11,49 11,55 12,32 12,86 14,11 14,30
(%)

Source:CNB, Basic indicators of bank sector (Zakladni ukaleabankovniho sektoru k)

31.3.2010

Figure 12 — Highly liquid assets/total assets ratia008
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Source:CNB, Financial supervision report 2008 (Zprava o ey dohledu nad fin&nim

trhem 2008)

If we focus on the basic indicators of liquidity aseires published b¢NB it is

obvious that there were some deflections in itginaous growth. First decline (by 6.4%) in

*0 http://www.csob.cz/WebCsob/Csob/O-CSOB/Vztahy-kestorum/Vyrocni-pololetni-zpravy/Pololetni-
zpravy/CSOB_pol_zprava_1H2008.pdf
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total amount of highly liquid assets was recordetha end of 2007. Year 2007 was the year
of bursting subprime mortgages bubble in the Uus.this fact should not generate any deep
impact on performance of Czech banks since theitprof Czech banks were following
growing trend. Despite the crisis of Bear-Steatrehyman Brothers etc. the total amount of
highly liquid assets increased. When gauging adjcators in time series it is always more
relevant to concentrate on relative measut@B provides highly liquid assets/ total assets
ratio. Since the end of 2006 this ratio continuguiclined from 30.38% to 25.31% at the
end of 2009 meaning that highly liquid assets edane quarter of total assets. The lowest
values of this indicator were recorded in secortidfayear 2008.

This could have been assigned to an extraordidaepreciation and write-offs of
CDOs and moderate deterioration of client credipillo sum it up, the funding liquidity had
slightly worsened but without dramatic consequendasther proof of relatively stable
funding liquidity is the capital adequacy ratio winihas never decreased beyond critical value
of 8%. This has been confirmed by the series @sstitests in 2010 which was based on
modeling different scenarios.

It was noted by one Czech journalist thdEirfancial crisis has started and will
continue till the inter-bank market activities wile curbed®? Regarding to this article, the
journalist took a deep look on inter-bank offeremtso called PRIBOR (Prague interbank
offer rate) with different maturities. In normalrpels, the inter-bank rates are derived from
the CNB officially stipulated rates, which are slightlpwer. As the volatility in financial
markets increases the spread between inter - lze& and officially stipulated rates usually
widens. This could be little bit controversial besa some central banks might accommodate
monetary policy and change the rates. However raehanks try to keep monetary policy
transparent and do not follow only one goal. lbakkes some time to recognize whether the
change in financial market is temporary or persistBlonetheless, in 2007 before subprime
mortgage crisis, the average spread between 3-naafiir LIBOR and federal fund rate was
10 BPS. Following the subprime mortgage crisis Bedr Stearns fall the spread widened
substantially and reached 81 BPS. Nobody expebtedhe situation could be even worse. In
spite of some efforts by FED to increase liquidifybanks and lowering the FED fund rate

the spread reached 332bsp. after Lehman Brothiérs fa

1 Summary of Banks stress tess&ifiuti vysledk zagzovych test bank), Financial stability repo@tNB, 2010
52http://www.finance.cz/zpravy/finance/197619-finankrize-zacala-a-skonci-na-mezibankovnim-trhusysimber 1st,
2008
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Let's now move to the Czech inter-bank markethéitgh we do not have any
information related to the volume of transactionsinter-bank market, it was generally
perceived and frequently discussed fact that ibterk market is damaged. The reason for that
is quite simple — as the financial crisis spreddasdund the world the confidence between
individual counterparties disappeared immediat€lgech banks regarding to the nature of
their business could use their liquidity resen@®tercome this critical period. In addition,
relying on their cash reserves or highly liquid edssswas exploited as a competitive
advantage. Banks operating with ample liquidityeress could dictate the lending rates to the
less liquid banks. This can be well demonstratedhieyevolution of PRIBOR and PRIBID

rates as we noted earlier in the text.

Figure 13
PRIBOR rates 2008 - 2010
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Moderate conditions in inter-bank market duringtfinalf of 2008 were exchanged
for dramatic increase of PRIBOR rates in the seduwadtl of 2008 which peaked in January
20009. It is worthy to say that from September 2008 14-days (or less) rates substantially
diverged from the rates with longer maturity. Theedgence lasted till spring 2009 and could
be assigned to the preference of short-term op@satnd higher liquidity premium required
by lenders. Since then, all the PRIBOR rates cotigtalecreased towards historical lowest

values.
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Figure 14

Spread between PRIBOR and PRIBID rates 2008 - 2010
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Figure 14 depicts large jump in PRIBOR — PRIBID &A® starting in September
2008. The average spread for the first half of 2688 not moved for more than 10 BPS.
Moreover, the average spread had not crossed 10d¥@Esince 2000. The lowest increase
of spread in September is assigned to the 1-daB®RI(increment by 17 BPS) while the
biggest increase belonged to the 1-year PRIBORdment by 27 BPS). This is linked to the
liquidity premium as in previous situation. Accardito the research 6INB covering period
from 6th to 10th October 2008 the maturities oéiftank loans shortened, meaning that no
transaction lasting for one year had been confiraredl 90% of transactions were processed
on over/night basis. The most intriguing fact iattthe large spread (amounting 27 to 40 BPS)
still persists even in the middle of 2010. One pmesexplanation is that PRIBOR is still
declining because it serves as a reference inteastfor mortgages and this should attract
new demand for mortgages. In conjunction with [a8READ it might indicate that Banks
still have not regained confidence in inter—bankketand do not provide any cash to the
less liquid banks.

We still have not discussed role of central banknier-bank marketCNB can
basically regulate activities of banks through op®arket operations, obligatory minimum
reserves or through so called REPO rates. Openatagerations are executed very often
while obligatory minimum reserves have not changiede July 1999 and are set at 2% from
primary deposits. None of those 2 aforementioneeraipns are processed in inter-bank
market. REPO rate is essentially the only instrum@CNB determined for inter-bank
market. REPO rate is rate which commercial bankaiobf they deposit money at central
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bank for 14 days. That is why the REPO rates shoafay the 14-day PRIBOR which is
confirmed in Figure 15.

Figurels
REPO and 14 - day PRIBOR rates
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Repo rate has been decreasing for a long’tiared recently reached its lowest value
amounting to 0.75%. Strong positive correlation REPO rates and PRIBOR lowered
PRIBOR rate but it does not mean that banks are mling to satisfy their cash needs on
inter—bank market. Central bank, as a local cugrenthority cannot simply add confidence
to the market by shifting of interest rate althougts definitely a good signal. We suppose
that this might be the reason why smaller (andypmebly less liquid) banks tend to introduce
savings accounts with large premiums for custonmegsder to finance their activities.

Unfortunately, we cannot use the same measureguitity black holes as for stock
market index simply because we are unable to caplaily change and daily volumes. Hence
we cannot use any quantitative measures for liuibllack holes or for testing positive-
feedback trading. On the other hand, regardingeaccomments of many analysts, traders and
central bankers we might derive that inter-bankkatwas impacted by liquidity black holes
that closely resembled those black holes in spaoe they were invisible but they certainly

appeared.

3 REPO rates were higher than 10% most of the @@ large deflections in 1997 were linked todheency
crises
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5.3. Foreign exchange market

Foreign exchange market is generally consideredeaoone of the most liquid
financial markets essentially because of the enasnornover? Average daily turnover was
$3.2 trillion according to Triennial Central Bankir8ey of Foreign Exchange and Derivatives
Market Activity in 2007 Currency conversions ar@gessed every single moment and the
needs to make a transaction in foreign currency laskt as long as there will be more than
one currency in the world. In last few decadesnatced that governments tend to introduce
new currencies generally valid for group of cowedrand replacing local currencies. That is
the way how European monetary union has createganthto effect Euro. There are some
efforts to create North American Monetary Unionvesl grouping together USA, Canada
and Mexico in order to introduce new currency stledaAmero® Either way, foreign
exchange market is dominated by only a few cureen¢USD, EUR, GBP, YEN) whose
turnover highly exceeds other less traded curr@ains. Apart from some small investors the
turnover in foreign exchange market is mainly gatest by large banks. For instance,
according to the research of market share in 26@9 biggest player in foreign exchange
market is Deutsche bank (18.06%) and the top libebiggest dealers represent 72.72% of
total market turnovet®

Small amount of currency pairs in conjunction wsimall amount of market
participants imply the higher probability of liquig black holes occurrence. However,
situation is not so simple. Hedge funds can sulisthnaffect liquidity — George Soros, "the
Man Who Broke the Bank of England” was already uised in previous section. Central
banks play major role in some markets in orderrtaget currency. Another remarkable point
consists in fact that there is not finite amountafrrency.” Foreign exchange market deals
with various number of derivatives (currency opsipswaps, forwards, etc.) meaning that
investors can create additional supply through ilegildorrowing channel or by taking
specific position in derivative¥. This is not valid for all countries since thereghti be

imposed local restrictions to curb these activities

> BIS (2007)Triennial Central Bank Survey of Foreign Exchange ®erivatives Market Activity

%> Cohen Benjamin North American Monetary Union: A United States Pective 2004, University of
California, Global and International Studies, UG&aBarbara

*% http://www.reuters.com/article/idUSLDE6460UN2010@580.6.2010

" Persuad, A.(2003)iquidity Black Holes Understanding, QuantifyingdaMlanaging Financial Liquidity Risk
management books, first edition,
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If we were asked to name at least 3 big liquiditgck holes in foreign exchange
market, our answer would be as follows:

— Black Wednesday (September1992), was the day when Pound Sterling
departed from exchange rate mechanism ERM. Markeicppants believed that “floor” set
by ERM could not have been overcome (nor the riskhagement systems considered this
scenario) and highly overvalued Pound Sterling wader permanent pressure. In the end
Pound Sterling decreased by 15 % in 15 trading.dagrser two black holes happened within
USD/YEN currency pair and these were ,Ascension fdaythe dollar” (august 15th 1995)
and more importantly “The day when the carry trgde carried out” (October 7th 1998).
There was a huge spread in interest rates betw8énddd Japan in 1998. High interest rates
in USA attracted investors to buy US dollars in thevard market and therefore generating
profit from carry trades. Global wave of optimiskmoat “easy money” didn't last forever and
U.S. Treasury started to sell dollars which ledutpprecedented volatility, triggering large
sales by highly leveraged investors. This blaclkeh®lconsidered to be most severe because it
resulted in 16% drop in three days.

We will focus on Czech Koruna and its short hist@yech Republic was considered
due to its history where almost half of the centteigned Communistic party as a transition
economy in 1990s". Since 1990 till 1997 was CzednuKa in fixed regime with certain
fluctuation bands. Crucial period for Czech Koruvas in May 1997 when due to the some
speculatoraCNB gave up all efforts in order to protect curreranyd introduced managed
floating regime. Since the;NB has used its privilege to intervene only for fémes. The
very last intervention was in 2002.

Czech Foreign exchange market is dominated bgadions of three currency pairs
EUR/CZK, USD/CZK and EUR/USD. If we include spoytaght forward, FX swap and
option based contracts then total turnover of EURICand USD/CZK conversions is
approximately equal, while turnover of EUR/USD cersions is by 50% lower. This is
simply because EUR/USD conversions are processedgh spot operations and not through
derivatives contracts. For this master thesis wi atistract from EUR/USD conversions

since this currency pair is traded worldwide.
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Figure 15a,b
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Figures 15a, b depict the history of exchange rfatethe most traded currency pairs
(apart from EUR/USD) in Czech Republic. Financialkis caused sharp movements in
exchange rates 2008 and Czech Koruna appreciasbn@ly, financial crisis confirmed
strong positive correlation between USD/CZK and HECEK pairs amounting 0.9249. This
would suggest, that strong positive correlatiordmtesimilar outcome in liquidity black holes

appearance.

Figure 16
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Figure 16 demonstrates that this is not the caséirsk glance, it looks like there is
no correlation between those currency pairs andidity black holes occur randomly. At
second glance, we can see that periods with higQuéncy of black holes within one

currency pair (let's say EUR/CZK, VI-07) is follodéy higher frequency of liquidity black
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holes in the second pair (USD/CZK, IX-07). We betiethat this is basically caused by the
herding behavior when appreciation (or depreciatiohone currency (let's say EUR) is
followed by flight to the second currency (USD) ande versa. We can also conclude that
periods of “calm trading” with only a few liquiditylack holes can be immediately exchanged
for periods with overly of liquidity black holes.c8ording to Evans, Lyons (1999) exchange
rates are mainly driven through order flow and leenot only by macroeconomic events.
Evans, Lyons (1999) findings contribute to the hipesis that foreign exchange markets are
prone to liquidity black holes. We also proved tbatnmon knowledge of foreign exchange
market as a highly liquid market is not completgligusible.

We did not find any significant correlation betwelgguidity black holes in stock
market and EUR/CZK (correlation coefficient approately - 0.274) or between stock
market and USD/CZK (correlation coefficient approaiely 0.2184)

Unfortunately, we are unable to produce similaifieation of liquidity black holes
by total turnover like in chapter dedicated to RKtawarket. CNB provides average daily
turnover of individual currency pairs but theseadate published randomly for only few

months within a year. Hence, we decided to focuBWVASK spreads of these currency

pairs.
Figure 17
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Figure 17 clearly demonstrates widening of spreadeslate 2007 representing ongoing
subprime mortgage crisis. Much sharper movementg wexorded within 2009 which was

also period of numerous black holes.
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Figure 18
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Results for EUR/CZK spread were much more ambiguhasge spreads were
recorded in periods with high amount of black haeswell as in periods with low amount of
liquidity black holes. There is some small evidentat in periods with ample of liquidity

black holes were BID-ASK spreads at least littleldniger it is not very significant.

5.4. Solutions for liquidity black holes

Obviously, our ambition is not to completely re@alquidity black holes but to
create an environment where markets would be lesseo liquidity black holes.

Despite modern technologies, market consolidatrmhg@obalization as a whole, we
still feel that financial markets are dominateddmyy a small group of institutional investors.
who are in addition bounded by the strict rules audrall financial regulation. The role of
institutional investors is reinforced by introdugimulti — pillar systems of pension reforms.
In our opinion, financial authorities should focas strengthening the role of individual
investors. We consider the introduction of new,vitlal investors to the financial markets
as the biggest challenge for current politicians.

The concentration of assets of mutual, pensiondetd. in particular should not be
underestimated as well. We are aware that legaldveork prevent institutional investor from

overly concentration but still we think that thengght be imposed some rules for unwinding
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large positions in assets and that these transactghould be sliced in smaller and
consecutive transactions in order to avoid firesal

Next step in preventing from liquidity black holiesthe restriction in using leverage
and margin trading. Margin trading i.e. buying witih required capital was the trigger of the
Great depression in 1930s where only 10% of owntequas sufficient to purchase any
asset. It is reasonable to consider that if youdneeborrow 90% of the purchase price your
credibility is very low. Restrictions on margin diag prevent from leveraging/deleveraging
effects as we described those effects earlier.

Collapse of information costs was also assignedni of the reasons for liquidity
black holes. Of course, no one can influence theashof any news but the main point is to
follow more fundamental indicators than just retyion the opinion of any analysts in TV.
Same strategy should be applied for investmentmeoendations published by financial
institutions. We perceive these activities as aangde of conflict of interest. How can any
institution give independent free advice to milkoof investors whereas operating in financial
markets at the same time? Why would financial instins employed large teams of financial
analysts in order to reach comparative advantagawieir conclusions are than broadcast in
TV or via internet? One possible explanation ig thay do so only to show their knowledge
and perfect orientation over markets which canaettinvestors to use services of these
institutions. On the other hand, several studievqut that these analysts have a tendency to
be more optimistic than the market and therefoedr ttecommendations are wrong. More or
less, the main for us is to avoid making a decidgdased purely on the opinion of others
because this is nothing but herding behavior.

Many people blame CEOs and managers of financititiions for their greed
which eventually lead to financial crisis. Hencéede people call for restrictions in
compensation schemes of these managers becausatcsgttings give incentives to act in
short-term horizons without considering any markestainability. Despite we augment the
lack of diversity in whole thesis, we think thaeth is at least some diversity in horizon of
investors. Portfolio managers of Pension fundsnitefy do not share the same investment
horizons like the managers of hedge funds. Compiensachemes of portfolio managers of
pension funds thus differs from hedge funds marsaged regulating their pay-offs is useless.

The bigger issue for pension fund managers isgbegiction for the structure of their
portfolio. Jii Rusnok, the chairman of association of pension$uin Czech Republic often
expressed his disappointments about limited tradirafegies that pension funds can pursue.

As the financial crisis did not occur, nor the cemative strategy of pension funds did
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hamper large declines in pension funds profitabdd large number of these pension funds
had to ask for additional capital. To find somesm®ble solution for Pension funds is pretty
hard as we outlined it few paragraphs earlier. idensunds are surety of clients and
government. There is a strong pressure to sustkquate profitability while no bankrupt is
admissible. In our opinion no legal framework césautely determine certain strategy and
optimal structure of portfolio which generate pt®fand is risk — free. That would be pure
cash - machine. We believe that pension funds ghoarle about diversity of their portfolio
rather than keeping limits on certain assets iir fhagtfolios.

Some politicians see the ultimate solution for ficial markets in imposing so called
Tobin tax levied on every single transaction. Thisuld protect investors from unfair brokers
who precede large number of deals in order to phafm the transaction fees. On the other
hand, this will lead to the lower trading activity/e think that any tax levied on signed trades
discourage investors and thus decrease overaillitguHence, Tobin tax is not a good idea.

Last but not least we have to mention risk managéneols. It is clear that
celebrated VAR techniques are not sufficient fag thorld we live in. Even the liquidity-
adjusted VAR does not remove all the problems codewith risk and (i)liquidity. LA-
VAR is definitely more sophisticated tool but inngeal cannot solve all the problems. A.
Persuad in his book conclud®that modern risk management tools are extremelysied on
short — term correlations and volatilities. Henedien these correlations and volatilities
increase, liquidity black holes occur. However, genterm oriented investors might not be
concerned about increase of these short — run iMatat and might mitigate the
consequences. Persaud also noted that liquiditgsniesers — the investors who are buying
when everyone is selling. The investors breakiagket sentiment are usually hedge funds.

%8 persuad, A.(2003)iquidity Black Holes Understanding, Quantifyingdalanaging Financial Liquidity Risk
management books, first edition, page 101
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Conclusion and future perspectives

Aim of this master thesis consist in discussionre@évant articles and academic
journals dealing with the issues of liquidity riskmore specifically liquidity black holes and
applying the adequate measures to gauge liquithtskiholes in Czech financial markets. We
found evidence of liquidity black holes in stockniet, foreign exchange and we believe that
liquidity black holes were present in inter-bankrked for the reasons discussed above.
However, we did not manage to measure causalityd&iermining positive — feedback
trading. We tried to summarize individual approacbhé liquidity risk and outline potential
ways of further research.

As noted for many times earlier in the text, they Kactor for liquidity is the
diversity, especially diversification of opinioriavestment decisions should not be driven by
herding behavior but rather based on fundameniatiptes and rational judgments. Critical
periods, when markets experience severe turbulareceharacterized by loss of confidence.
As a consequence, governments tend to tightenatgulover financial markets in order to
restore equilibrium in financial markets. Recenthg witnessed many attempts to increase
the regulation. Namely, we can mention restrictionsompensation schemes for banks top
management, new bodies responsible for supervissomaost recently ban of naked short
sales in Germany and hedge fund regulation. 59 Blieve that these types of new regulation
rules might bring negative outcomes. Firstly, migyoof these rules has been raised and put in
effect by lawmakers and politicians. Although thesées were discussed together with
financial engineers from BIS or ECB the final prepb always depend on political
willingness. And we all know Downs model of poldlgarty competition. Secondly, we lack
some sort of systematic global consensus in makewg financial rules. Timothy Geithner,
secretary of treasury persistently refused the wey of EU financial policy. He also denies
hedge fund regulation concluding that this woulthtbedge funds into regular institutional
investor such as investment banks, mutual funds sman. Hedge funds are basically
designed for running un-traditional and risky traglistrategies for wealthy individuals.
Everyone who uses the services of hedge funds kitasl has reasons for such a behavior.
In addition, hedge funds increase the disciplingaifticular firms in market, increase the
diversity of opinions and point out to some miseaatibn or market imperfection. Thus,

hedge funds do not initiate systemic crises. Whuldiéhen should be hedge funds subject of

*¥ Wall Street Journal, German shock on short-seHipligs Europe, May 20, 2010
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increased regulation? We think that lost confiderar@not be simply added through some sort
of artificial confidence via regulation like we aeded. Different approaches in regulation
support regulatory arbitrage leading to large fldvesn one market to another depending on
the actual trends in markets. In our opinion,(andgl history of trading confirms our
hypothesis) there will be always some bubblesnarfcial markets and introducing/banning
certain acts (such as Glass Steagal act from19@8yed that this is not the right way how to
prevent markets from these crisis.

We leave this master thesis in period full of uteiety. In period characterized by
problems of banks in Spain, uncertainty about agudéfault in Greece, Portugal or Italy,
period of large austerity programs and also inqeewhen results of Banks stress-tests are
eagerly awaited. It is hard to express any futupeeetations about perspectives for Europe in
2 or 3 years. Analysts and economists are much roareful in their macroeconomic
predictions than few years ago. This is the pasiéffect of recent financial turmoil. Financial
crisis also showed how underestimated and underreised liquidity risk is which was
followed by boom of academic articles as well asvrstandards proposed by Bank for
international settlement. We believe that now eweeytakes liquidity risk seriously and this
is definitely good point. Despite the fact, liquidiblack holes will be presumably more
prevalent in future, we do not think that globauiidity black hole which destroys global
financial markets occur since there will be alwaeentives to trade any kind of instruments.
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