Chapter Fifteen

-~ Market Risk

I Market risk can be defined as the risk related to the uncertainty of an FI's earnings

Risk relageg on its trading portfolio caused by changes, particularly extreme changes, in market

UnCeTLingy conditions such as the price of an asset, interest rates, market volatility, and market

carniugs e liguidity.! Thus, risks such as interest rate risk (discussed in Chapters 8 and 9), credic

ing portfalio ot o - . . .

by changes I U W8k (incliading credit risk from sovereign debrt expasure discussed in Chapters 10, 11,

conditlons,. and 14), liquidity risk (discussed in Chapter 12), and foreign exchange risk (discussed
§ ter 13) affect market risk. However, marker risk emphasizes the risks to Fls

. "ﬁ?jtl\rei}- trade assets and liabilities (and derivatives) rather than hold them for
longer-term Investment, funding, or hedging purposes.

Indeed, market risk was at the heart of much of the losses associated with the finan-
cial crisis. In late 2006 and the first half of 2007, home prices plummeted and defaults
by subprime mortgage borrowers began o affect the mortgage-lending industry as
a whole, as well as other parts of the economy. As mortgage borrowers defaulted on
their mortgages, financiat institutions that held and actively traded these mortgages
and mortgage backed securities started announcing huge losses an them. Losses from
the falling value of subprime mortgages and securities backed by these martgages
reached more than S1 trillion worldwide through mid-2009. Investment banks and
securities firms were major traders of mortgage-backed securities. As mortgage bor-
rowers defaulted on their mortgages, investment banks were particularly hard hit
with huge losses on the mortgages and securities backing them.

A prime example of the losses incurred is that of Bear Stearns. In the summer of
2007, two Bear Stearns hedge funds suffered heavy market risk-related losses on invest-
ments in the subprime mortgage market. The two funds filed for bankruptcy in the fall
of 2007. Bear Stearns’ market value was hurt badly from these losses. The losses became
so great that in March 2008, ].P. Morgan Chase and the Federal Reserve stepped in to
rescue the then fifth largest investment bank in the United Stares before it failed or was
sold piecemeal to various financial institutions, The market risk meltdown continued
through: the summer and fall of 2008. On Monday, September 15, Lehman Brothers
filed for bankruptey, Merrili Lynch was bought by Bank of America, AIG (one of the
world's largest insurance companies) met with federal regulators to raise desperately
needed cash, and Washington Mutual (the largest savings institution in the United
States) was acquired by ].P. Morgan Chase. As news spread that Lehman Brothers would
ot survive, financial institutions moved to disentangle trades made with Lehman. The

" Market risk Used by FI managers erd regulators is not synonymous with systematic market risk ana-
lyzed by investors in securities markets, Systemalic (markey) risk reflects the co-mavement of & security
with the markst portfolic (reflectad by the security's beta), although beta is used to measure the market
risk of equities, as ncted balow.
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450 Part Two Meosuring Risk

TABLE 15-1

The Investment
{(Banking) Book
and Trading Book
of a Commercial
Bank

Dow fell more than 500 points, the largest drop in over seven years, Also by Wednes-
day, tension mounted around the world. Stock markers saw huge swings in value as
investors tried to sort out who might survive (markets from Russia 1o Europe were
forced to suspend trading as stock prices plunged). By mid-September, financial mar-
kets froze and banks stopped lending to each other ar anything but exorbitantly high
rares. Market risk was the root cause of much of this market failure and substantial
losses incurred by financial institutions.

Conceptually, an FI's trading porcfolio can be differentiated from its investment port-
folio on the basis of time horizon and tiquidity. The trading portiolio contains assets,
liabilities, and derivative contracts that can be quickly bought or soid on organized
financial markets (such as long and short positions in bonds, commeodities, foreign
exchange, equity securities, interest rate swaps, and options). Derivatives in the trad-
ing book are first marked 1o market and are then netted out with derivative positions
with the same counterparties. This netting reduces the relative size of derivative con-
tracts reported in an FT's trading book. For example, in March 2015, . P. Morgan Chase
reported $81.57 billion derivative contracts out of total $398.98 biltion in its trading
book. The notional value of derivatives assets was $1,265 42 biltion, and the book value
of total assets was $2,577.1 billion. Further, with the increasing securitization of bank
loans (e.g., mortgages), more and more assets have become liquid and tradable {eg.
mortgage-backed securities). Additionally, many large syndicated loans are often partly
sold off {participations in loans, see Chapter 25). The lead bank usually retains a percent-
age (normally 15 to 30 percent). These syndicated loans can be viewed as held for sale
and thus part of the trading book. The trading book produces trading gains and losses
for the FI that are recorded as part of nan-interest income and expenses. (See Chapter
2)) The investment portfolio {or, in the case of banks, the so-called banking book) con-
tains assets and liabilities that are relatively illiquid and held for longer holding periods
{(such as consumer and commercial loans, retail deposits, and branches). The banking
book produces interest and fee income and interest expense for the FlL Table 15-1
shows a hypothetical breakdown between banking book and trading book assets and
liabiliries. Note that capital produces a cushion against losses on either the banking or
trading books—see Chapter 20.

Income from trading activities is increasingly repiacing income from traditionai
FI activities of deposit taking and lending. The resulting earnings uncertainty, or
market risk, can be measured over periods as short as a day or as long as a year.
While bank regulators have normally viewed tradable assets as those being held for
horizons of less than one year, private tls take an even shorter-term view. In particu-
lar, Fls are concerned about the Huctuation in valueor value at risk (VAR)- of their

Assets Liabllities
Cash Deposits
Banking Book Loan§ . Othgr illlquid porrowed funds
Premises and eguipment Capitat
Other illiguid assets
Bonds (long) Bonds (short)
Commodities {long) Commedities (short}
FX (long) FX (short)
Trading Book Equities {long) Equities (short)

Mertgage-backed securities (jong)

Derivatlves™ (long) Dearivatives* (short)

* Derivatives are af balance sheer (as discussed in Chaprer 6)
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trading account assets and liabilities for periods as short as one day-especially if such
fluctuations pose a threart to their solvency. Moreover, market risk can be defined
in absolute terms as a dollar exposure amount or as a relative amount against some
benchmark. The Industry Perspectives box shows some of the issues that [P, Morgan
Chase considers in evaluating its markert risk.

Industry Perspectives

Marketrisk is the potentlal for adverse changes in the value
of the firm'’s assets and llabllitles resulting from changes in
market varlables such as interest rates, forelgn exchange
rates, equlty prices, commodity prices, Implled volatiities
or credit spreads. . . . Market risk is an Independent rlsk
management function that |dentlfles and menitors market
tIsks throughout the firm and defines market rlsk policies
and precedures. .. . Market risk is responsible for the fol-
lowing functions: Establishment of a market risk policy
framework, Independent measurement, monltering and
coptrol of line of business and firm-wide market risk, defi-
nition, approval and manitering of limits, and performance
of stress testing and gualltatlve risk assessments. ...

Market rikk iz controlled primarily through a serles
of limits set In the context of the market envirechment
and buslness strategy. In setting ilmits, the firm takes
Into consideratien facters such as market volatility, prod-
uct liquldity and accommodation of cllent business and
management experlence. . , .

TOOLS USED TO MEASURE RISK

Because no single measure can reflect all aspects of
market rsk, the Flrm uses variocls metrics, both statis-
tlcal and nonstatistical, Including: VaR, econemic-value
stress testing, nonstatlstical rlsk measures, loss advlse-
ries, profit and loss drawdowns, and earnlngs-at-risk.

«  Value-at-risk: JPMcrgan Chase utilizes VaR, a statistj-
cal risk measure, to estimate the potentlal [oss frem
adverse market maoves in a normal market enviran-
ment. The Firm has a sing!e overarching WaR model
framework used for calculating Risk Management
VaR and Regulatory VaR.

+ VaR back-testing: The firm evaluates the effective-
ness of its VaR methodology by back-testing, which
cempares the daily risk management VaR results with
the daily galns and losses recognized on market-risk
related revenue, The firm’s definltlon of market risk-
related galns and losses |s conslstent with the defini-
tion used by the banking reguiatars under Basel ill,
Undler this definitlon market risk-related gains and
losses are defined as: profits and losses on the firm's
risk management positions, excluding fées, commis-
sichs, certaln valuatlon adlustments {e.g., liguidity

and DVA), net interest income, and galns and losses
arising from Intraday trading.

» Economle-value stress testing: Along with VaR, stress
testing is an important tool in measuring and contrelling
risk. While VaR reflects the risk of loss due tc adverse
changes in markets using recent historlcal market behav-
ior as an indicator of losses, stress testing s intended
to capture the firm’ s exposure to unlikely but plausible
events In abnormal markets. The firm runs weekly stress
tests on market-related risks across the lines of business
uslng multiple seenarios that assume significant changes
in rek factors such as credit spreads, eculty prices, Inter-
est rates, currency rates or commodity prices,

+ Nenstatistical risk measures: Nenstatistical risk mea-
sures Include sensitivities to variables used to value
pesitions, such as credlt spread sensitivities, inter-
est rate basls peoint values and market values. These
measures provide granular informatien on the firm's
market risk exposure. They are aggregated by line of
business and by risk type, and are used for tactical
control and monitaring limlts.

- lLoss aovisorles and profit and loss drawdowns: Loss
advlsaties and profit and {oss drawdowns are toois
used to highlight trading losses abhove certaln levels
of rlsk toferance. Profit and |oss drawdowns are
deflned as the decline in net profit and loss since the
year-to-date peak revenue level,

+ Earnings-at-risk: The VaR and stress-test measures
described ahove illustrate the total economlc sen-
sitivity of the firm's consolidated balance sheets to
changes in market variables. The effect of interest rate
exposure on the firm’s reported net income is also
Important as Interest rate risk represents one of the
firm's significant market risks. . . . The firm evaluates its
structural Interest rate risk expesure through earnings-
et-risk, which measures the extent to which changes
in Interest rates will affect the firm's core net interest
income and interest rate-sensitive fees. Earnings-at-
risk excludes the Impact of trading activities and MSR,
as these sensitivities are captured under VaR.

Source: J.P. Margan Chase Form 10-K, 2014, httpi//Investor
shareholder.com/jpmorganchase/sec.cim?doctype=Annual
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TABLE 15—2
Benefits of Market
Risk Measurement
{MRM)

In recent years, market risk of Fls has raised considerable concern among regula-
tors as well. So important is market risk in determining the viability of an FI that
since 1998, U.S. regulators have included market risk in derermining the required
level of capital an FI must hold. Further, part of the Wall Street Reform and Con
sumer Protection Act, passed in 2010 in response to the financial crisis, Is the Vol
cker Rule implemented (implemented in April 2014, but banks had until july 21,
2015 to be in compliance). The Volcker Rule prohibits US. deposlitory institutions
(Dis} from engaging in proprietary trading (Le, any transactian to purchase or sell
one or more financial instruments (which Include securities, derivatives, forwargs
and furures on commodities including FX forwards and swaps, and options of any of
these) as a principal for the trading account of the bank) and from investing in hedge
funds ot private equity funds. However, a DI may organize and offer a hedge fund
or private equiry fund if it does not have an ownership interest in the fund except
for 2 seed investment that is limited to no more than 3 percent of total ownership
interest of the fund within one year after the date of establishment of the fund. Addi-
tionally, the DI's averall investment in hedge funds or private equity funds may not
exceed 3 percent of the DI's tier 1 capital. The rule was named after former Federal
Reserve Chairman Paul Volcker, who had been purspoken in his claims that such
activiries played a major part in the financial crisis. The Volcker Rule is intended to
restrict speculative trades made by depository institurions with their own money
and, thus, is intended to reduce market risk at depositary institutions. However,
bankers and some analysts have said the new rules are antibank specialness. This
argument stems from the fact that the new rules on Flg' trading portfolios virtually
force Fls to hold a matched maturity book. This limits the rraditional specialness in
bank maturity intermediation-that is, barrow in the short-term funds market to lend
in the long-term market.

Table 15-2 summarizes several benefits of measuring market risk, including pro-
viding management with information on the extent of markert risk exposure, mar-
ket risk limits, resource allocation, and performance evaluation, as well as providing
regulators with information on how 1o protect banks and the financial system

1. Management informatian. MRM provides senior management with informaticn on the risk
exposure taken by Fl tiaders. Management can then compare this risk exposure to the FI's
capitai resounees

2. Setting fimits. MRM considers the market risi af traders’ portdfolios, which.wil| lead to the
astablishiment of economically logical position limis ped rager in eacn area of trading

3. Resource ollocation. MRM Invelies the comparisor of returns 1o market fisks |n differant
areas af trading, which may aliow for the identification of areas with the greatast potential
return oer unit of risk |mo which imare capilal and resources can be directad

4 Parformaonce evailuotion. MRM consigers the retum-risk ratlo of traders, which moy allow
a mare rations! bonus [compensation) system to be put 0 place That Is, those Gaders with
the highest returns may simply be the ones who have taken the largest risks, Itis not cleat
that they shauld receive higher compeansation than traders with lower returns and lower
sl BXROSUres

5, Regulation. With the Bank for Intamational Sattlements (BIS) and Faderal Reserve cur-
rently reguiating market risk through capital requirements (discussed [S2f N this chagiaf],
private secter banchmarks are Imporant, since It 1= possiple that reguiators will overorics
some risks. MRM conducted by the Fl can be used to pointic potential misallocations of
resqurces as a result of prudsntiel regulation, As & result, In certain cases regulaiors s
allowing Danks to use their own {internal) models to calculate their capital requirements.
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against fallure due to extreme market risk. Note that many of these are also listed in
the Industry Perspectives box describing J.P. Morgan Chase’s market risk manage-
ment functions. The sections that follow concentrate on absolute dollar meastures
of market risk. We look at three major appreaches that are being used to mea-
sure markert risk: RiskMetrics, historic or back slmulation, and Monte Carlo simula-
tion. The link between market risk and required capital levels is also discussed in
the chapter.

CALCULATING MARKET RISK EXPOSURE

Large commercial banks, investment banks, insurance companies, and murtual funds
have all developed market risk models. In the development of these models, four
major approaches have been followed:

+ RiskMetrics (or the variance/covariance approach).
¢ Historic or back simulation.

+ Monre Carlo simulation.

« Expected shorrfall.

The first three models offer different methods used to calculate value at risk. We con-
sider RiskMetrics first and then compare {t with other internal model approaches,
such as historic or back simulation. The expected shortfall model (also called the
conditional value art risk) is an alternative to the traditional value at risk measure
that is more sensitive to the shape of the loss tail of the probability distribution of
returns. Starting in January 2013, regulators have replaced value at risk with the
expected shortfall measure as the main measure of market risk.

THE RISKMETRICS MODEL

The ultimate objective of marker risk measurement models can best be seen from
the following question from an Fi manager: *I am X% sure that the FI will not lose
more than $VAR in the next T days.” In a nutshell, the FI manager wants a single
dollar number that tells him or her the FI's market risk exposure over the next days—
especially if those days turn out to be extremely "bad” days.

This can be nontrivial, given the extent of a large or even mid-sized FI's trading
business. When [.P. Morgan developed its RiskMetrics model in 1994, it had 14
active trading locations with 120 independent units trading fixed-income securities,
forelgn exchange, commeodities, derivatives, emerging-market securities, and propri-
etary assets.” In 2015, |.P. Morgan Chase operated worldwide and held a trading
portfolio worth over more than $399 billion. This scale and variety of activities is
typical of the major money center banks, large overseas banks (e.g,, Deutsche Bank
and Barclays), and major insurance companies and investment banks.

2 1 P. Morgan first developed RiskMetrlcs in 1994 |n 1998 the Comorate Rlsk Management Depart-
ment that operated RiskMetrics was spun off from J.P. Mcrgan and became known as RiskMetrics
Group, The company went public in January 2008 and was subsequently acquired, in June 2010,
by MSCI, The material presented in this chapter is an overview of the RiskMetrics model. The details,
addltlenal discussion, and examples are found In "Return to RiskMetrics: The Evolution of a Stan-
dard," April 2001, available at the J.P. Morgan Chase webslte, www.jpmerganchase.com, or www.
riskmetrics cam.
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daily earnings at
tlsk {DEAR)

Markert risk exposure
over the next 24
haurs,

Here, we will concentrate on measuring the marker risk exposure of a major Fl
on a daily basis using the RiskMetrics approach. As will be discussed later, measur-
ing the risk exposure for periods longer than a day (e.g., five days) is under certain
assumptions a simple transformation of the daily risk exposure number. Essentially,
the Fl is concerned with how to preserve equity if marker conditions move adversely
tomorrow; that is:

Market risk = Estimated potential loss under adverse circumstances

More specifically, the market risk is measured in rerms of the Fl's dally earnings at
tisk {DEAR) and has three components:

Dail , Dollar market Price Potential
atly ee?rrlilngs —| valueof |x |semsitivity of| x | adverse move
at s the position the position in yield

Since price sensitivity multiplied by adverse yield move measures the degree of
price volatility of an asset, we can also write this equation as:

Dail ) Dollar market Pri
aily earnings _ value of . ( rice ) (1)

- = volatilit
at risk the position y

How price sensitivity and an adverse yield move will be measured depends on the
Fl and its choice of a price-sensitivity model as well as its view of what exactly is a
potentially adverse price (yield) move.

We concentrate on how the RiskMetrics model calculates daily earnings at risk
in three trading areas—fixed income, foreign exchange (FX), and equities—and then
on how it estimates the aggregate risk of the entire trading portfolio to meet an FI
manager's objective of a single aggregate dollar expasure measure across the whaole
bank on a given day.

The Market Risk of Fixed-Income Securities

Suppose an Fl has a $1 million market value position in zero-coupon ponds of
seven years to maturity with a face value of $1,631,483. Today’s yield on these
bonds is 7.243 percent per year. These bonds are held as part of the trading port-
folio. Thus,

Dollar market value of position = $1 million

The FI manager wants to know the potential exposure the Fl faces should interest
rates move against the FI as the result of an adverse or reasonably bad marker move

2 The face value of the bands is $1,631,483—that is, $1.631,483/(1 07243)7 = $1,000,000 market
value In the original medel, prices were determined using a discrete rate of retuin, Ry In the April 2001
document "Return to RiskMetrics: The Evolution of a Standard,” prices are determinea using a continu-
ously cempounded return, e The change was implemented because continuaus compounding has
properties that facilitate mathematical treatment For example, the logarithmic return on a Zero-coupen
hend equals the difference of interest rates multiplied by the maturity of the bond That is:

et
In ;) =—{f—rr

where T is the expected return
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the next day. How much the Fl will lose depends on the bond’s price volatility.
From the duration model in Chapter 9 we know that:

Daily price volatility = (Price sensitivity to a small change in yield)
x (Adverse daily yield move) 2)
= (MD) x (Adverse daily yield move)

The modified duration (MD) of this bond is:#

D 7

MD = = =]
1+ R (1.07243)

6.527

glven that the yield on the bond is R = 7.243 percent. To estimate price volatility,
multiply the bond’s MD by the expected adverse daily yleld move.

EXAMPLE 15-1
Daily Earnings

at Risk on Fixed-
Income Securities

Suppose we define bad yleld changes such that there Is only a 1 percent chance that the
yleld changes will exceed this amount—or, since we are concerned only with bad outcomes,
and we are long In bonds, that there Is 1 chance In 100 (or a 1 percent chance) that the next
day's yleld Increase (or shock) will exceed this glven adverse move.

i we assume that yleld changes are normally distributed F we can fit 2 normal distribution
to the histogram of recent past changes 'n seven-year zero-coupon interest rates {ylelds)
to get an estimate of the size of thls adverse rate move. From statlstics, we know that {the
middle} 98 percent of the area under the normal distribution Is to be found within + 2.33
standard devlations () from the mean—that s, 2.33g—and 2 percent of the area under the
normal distribution Is found beyond + 2.330 (1 percent under each tail, -2.33¢ and +2.330,
respectively).® Suppose that durlng the iast year the mean change In daily ylelds on seven-
year zero-coupon bends was 0 percent,” while the standard deviation was 10 basls points
{or 0.001). Thus, 2.336 is 23.3 hasis polnts (bp).8 In other words, over the |ast year, daliy
ylelds on seven-year, zero-coupon bonds have fluctuated (elther positively or negatlvely) by
more than 23.3 bp 2 percent of the time. Adverse moves In ylelds are those that decrease
the value of the securlty (l.e,, the yield increases). These occurred 1 percent of the time, or 1
in 100 days. This is shown In Flgure 15-1.

4 Assuming annual compaunding for simplicity.

® In reallty, many asset return distributlons—such as exchange rates and interest rates—have “fat talls.”
Thus, the normal distribution will tend to underestimate extreme outcomes. This Is a major criticlsm of
the RiskMetrics morieling approach and & major reason for regulators’ move to the use of expected
shortfall from the traditional value at risk measure of market risk. Further, the orlglnal CredItMetrics calcu-
lation of DEAR Incorporated a 5 percent chance that the next day's yleld increase will excead this given
adverse move. The use of 1 percent to measure adverse moves produces a more conservative estimate
alan FI's value at risk

% For 95 percent of the area under the normal distributicn (2.5 percent under each tall), we use + 1.96,
and for 80 percent of the area (5 percent under each tall), we use + 1.65. CreditMetrics ariglnally used
the 30 percent confldence level

7 if the mean were nonzers (e g, —1 basls point), this could be added to the 23.3 bp (Le, 22.3 bp) to
project the yieid shock

8 RiskMetrics weights more recent observatiohs more highly than past chservations {this Is called expo-
nential weighting). This allows more recent news to be more heavlly reflected In the caleulation of o,
Regular o calculations put an equal weight on all past observations,
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We can now calculate the potential daily price volatiiity on seven-year discount onds
using equation {2} as.
Price volatility = (MD) x {Potenial adverse move in yield)
= (6.527) x{0.00233)
=0.01521 or 1.521%

Given this price volatility and the initisl market value of the seven-year bond portfalio,
then equation (1} can be used to calculate the daily earnings at risk as.
Daily earnings at risk = (Dollar marxet value of position) X {Price volatility)
= ($1,000,000) x (001521}
=$15210

That Is, the potentlal daliy 1oss in earnings on the $1 million position is $15,210 if the 1 bad
day in 100 accurs tomorraw

We can extend this analysis to calculate the potential loss over 2, 3, ... N days.
If we assume that yield shocks are independent and daily volatility is approxi-
mately constant,® and that the Fl is locked in to holding this asset for N number of

FIGURE 15—1 |
Adverse Rate
Move, Seven-Year
Rates
Only a 1% chance
that 7-year rates
wlil move up by
more than 23.3 basis
! polnts (op) a day

4 : ¢
-233bp -10 b Dbe 10 bp +233 bp

2330

9 The assumptions that daily volatility is constant and that there Is no attecorreiation i yield shocks are
strong assumptions. Much recent literature suggests that shocks are autocorrelated In many asset mar-
kets over relatively long horizons, To understand why we take the square root of N, consider a five-day
holding period. The af, or five-day varance of asset returns, will equal the current one-day variance, a3,
times 5 under the assumptions of constant daily variahce and no autacorrelation In shocks, or

ai=07x5
Tae standard deviation of this equation is:
gg =0y X VB

or singe DEAR |s measured in the same dimensrons as & standard devlatlon {6}, In the terminology of
Risk-Metrics, the five-day velue at risk |s!

S-day VAR = DEAR %X v'5
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days, then the N-day market value at risk (VAR) is related to daily earnings at risk
(DEAR) by:

N-day VAR = DEAR x VN (3)

That is, the eamnings the FI has at risk, should interest rate yields move against the FI,
are a function of the value or earnings ar risk for one day (DEAR) and the (square root
of the) number of days that the F1 is forced to hold the securities because of an illig-
uld market. Specifically, DEAR assumes that the FI can sell all the bonds tomorrow,
even at the new lower price. In reality, it may take many days for the FI to unload
its position. This relative flliquidity of a market exposes the FI to magnified losses
(measured by the square root of N).I® If N is five days, then:

5-day VAR = $15,210 X v/5 = §34,011
If Nis 10 days, then!!

10-day VAR = 515,210 % v/ 10 = $48,098

In the preceding calculations, we estimated price sensitivity using modified dura-
tion. However, the RiskMetrics model generally prefets using the present value of
cash flow changes as the price-sensitivity weights over modified durations. Essentially,
each cash flow is discounted by the appropriate zera-coupon rate to generate the daily
earnings at risk measure. If we used the direct cash flow calculation in this case, the
loss would be §15,209.63.12 The estimates in this case are very close.

li"ﬁ\i\ Foreign Exchange
==g=g Large Fls also actively trade in foreign exchange (FX). Remember that:
\ [/ ) . .
‘!\Vr!’ DEAR = (Dollar value of position) x (Price volatility)
EXAMPLE 15-2 Suppose the F| had a €800,000 trading positien in spot euros at the close of buslness an
Daily Earnings at a particular day. The Fl wants to calculate the dally earnings at risk fram this pesition {ie.,
Risk of Forei the risk exposure cn this position should the next day be a bad day in the FX markets with
1 Df orelgn respect to the value of the euro against the dollar).
Exchange The first step is to calcuiate the dollar value of the position:
Contracts

Daollar egulvalent value of position = (FX poslition) % ($ per unit of foreign currency)

Suppose for simplicity that the exchange rete is €0.8000/$1 or $1.25/€ at the daily
close; then:

Dollar value of posltion = €800,000 x $1.25/€
=% 1 milllon

continued

19 |n practice, a number of Fls calculate N internalty by dividing the position held in a security by the
median dally volume of trading of that security over recent days. Thus, If trading volume Is low because
of a "one-way market,” in that most pecple are seeking to sell rather than buy, then N can rise substan-
tally; that Is, N = ($ position In security/Medlan daily $ volume of trading).

" Under the BiS market risk capital requirements, a 10-day holding perlod (N = 10) is assumed to mea-
suUre exposure.

"2 The Initlal market value of the seven-year zero-coupon band was $1,000,000, or $1,631,4837
(1.07243). The (loss) effect on each $1 (market value) invested In the bord of a rise in rates by 1 bp
from 7.243 percent to 7. 253 percent Is 0.00065277, However, the adverse rate move 5 23.3 bp. Thus:

DEAR = ($1 milllon) x (0.00065277) x (23.3) = $15,210
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hange rate over the past year, we find that

tna wolatility, or standard deviation (o), of da ly percantage changes in the spot exchange

was 585 h

h& Fllz Inferestad In

a0VENsE moves
I percent of the tima, or 1'day In every 100
nge rates are Ristorcally “normally” distributed
clion by 2.33a (2.33 x 565 bp) for this
only. 1 dayin svary 100 days:'®

FX volatility = 233 x 56.5 bp = 131,645 bp

i other words, during the last year, the eurc dediined in valie against the doliar by 131,645

ap 1 percent of the time. As 3 result

DEAR = (Daliar value of position) x (FX volatility)
= ($1 million) % {0.0131645)
=$13,164

This I= thi potsr

I daily earnings exposure to adverse suro 1o dallar exchange rate

changes for the Fl from the € 800,000 spat currency holdings

Equities
Many large Fls also take positions in equities. As is well known from the Capital

Asset Pricing Model (CAPM), there are two types of risk to an equity position in an
individual stock i

Total risk = Systematic risk + Unsystematic risk

(03 = (B202) + (02,) @

Systematic risk reflects the co-movement of that stock with the market portfolio

beta reflected by the stock’s beta (B) and the volatility of the market portfolio (g,,), while
Systemaric (undivers-  unsystematic risk is specific to the firm itself (o,).
flable) risk reflecting In a very well diversified portfolio, unsystematic risk (0%,) can be largely diver-

the ca-movement

sified away (i.e, will equal zero), leaving behind systematic (undiversifiable) mar-
of the rerurns on a ) P ) ] .
specific stock with ket risk (B%o?,,). If the FI's trading portfolio follows (replicates) the returns on
teturns on the marker  the stock market index, the P of that portfolio will be 1, since the movement of
portfolio returns on the Fl's portfolio will be one-to-one with the market,'* and the stan-

dard deviation of the portfolio, oy, will be equal to the standard deviation of the
stock market index, o,,.

3 Technically, 98 percent of the area under a normal distribution lies between +/— 2.33a from the

% 1t 1 pereert of

mean THiS s

Ay SXcns rate:Changss will Increase by miors than
2330 and 1 percant of the time will decre 38 by 2330 Th

exchange rate of euros to dollars (i e, a depreclation of 2 33a).

YIf P21, as In the case of most indlvidual stocks, DEAR = dollar valus of posltlon x f, x 2,330, whera
B, is the systematlc risk of the ith stock.

715 only adverss moves |n the
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EXAMPLE 15-3
Daily Earnings at
Risk on Equities

Suppose the Fl holds a $1 milllon trading position In stocks that reflect g U.S. stock market
index {e.g., the Wllshire 3000). Then p = 1 and the DEAR for equities is;

DEAR = {Dollar market value of posltion) x (Stock market return volatllity)
= ($1,000,000) x (2.335,,)

I, over the last year, the o, of the dally returns on the stock market index was 200 bp,
then 2.336,, = 466 bp (i.e, the adverse change or decline In the daily return on the stock
market exceeded 466 bp only 1 percent of the time), In this case:

DEAR = ($1,000,000) % (0.0466)
= $46,600

That is, the Fl stands to lose at least $46,600 in esrnings If adverse stock market returns
materlalize tomorrow. 1%

In less well diversified portfolios or portfolios of individual stocks, the effect of
unsystematic risk ,, on the value of the trading position would need to be added.
Moreover, if the CAPM does not offer a good explanation of asset pricing compared

with, say, multi-index arbitrage pricing theory (APT), a degree of error will be built
into the DEAR calculation.®

Portfolio Aggregation

The preceding sections analyzed the daily earnings at risk of individual trading posi-
tions. The examples considered a seven-year, zero-coupon, fixed-income security
($1 million market value); a position in spot euros ($1 million market value); and

a position in the U.S. stock market index ($1 million market value). The individual
DEARSs were:

1. Seven-yeat, zeto-coupen bonds = §15,210
2. Buro spot = $13,164
3. US. equities = $46,600

However, senior management wants to know the aggregate risk of the entire
trading position. To calculate this, we cannot simply sum the three DEARs—
$15,210 + $13,164 + $46,600 = $74,974-because that ignores any degree of
offsetting covariance or correlation among the fixed-income, FX, and equity trad-
ing positions. In particular, some of these asset shocks (adverse moves) may be
negatively correlated. As is well known from modern portfolio theory, anything

but perfect positive correlations among asset shocks will reduce the degree of
portfolio risk.

1% If we conslder a single equity security with a beta (B} = 1 25 (Le., one that Is mare sensitive than the
market, such that as market returns increase [decrease] by 1 percent, the secutlty's return increases
[decreases] by 1.25 percent), then with a $1 million investment and the same (assumed} volatllity (o) of
2 percent, the Fl would stand to lose at (east $58,256 In dally earnings if adverse stock returns materlal-
Ize {le., DEAR = $1,000,000 x 1.25 x 2.33 x 0.02 = $58,250)

'8 As noted In the introductlon, derlvatives are also used for trading purposes. {n the calculation of its
DEAR, a derivative has to be converted inta a posltion In the ungerlying asset (e.g., bond, FX, or equity).
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EXAMPLE 15-4
Calculation of
the DEAR of a

Tabie 15-3 shows a hypothetical correlation matrix between dally seven-year, zero-cou-
pon bond vield changes, €/% spot exchange rate changes, and changes In dally returns on
a US. stock market Index (Wilshlre 5000). From Table 15-3, the correlation between the
seven-year, zero-coupon bands and €/% exchange rates, p, ¢, s negative (-0.2), whlle US,

Portfolio stock return changes with, respectively, seven-year, zero coupon yields, p, . (0.4) and €/%
i shocks, pys.e (0.1) are positively correlatec.
l‘.-‘\ Using this correlation matrix along with the Individual asset DEARSs, we can calculate the
==E== risk or standard daviation of the whole (three-asset} trading portfolic as.”?
L [(DEAR.)? + (DEARQ? 4 (DEAR 2
+ (2 X pue X DFAR, X DEAR)
(o = 5
DEAR portfolio + @ xpeus x DEAR. x DEAR <) (5)
+ (2% pysg X DEAR,; % OEAR
This Is a direct applicaticn of modern portfolio theory (MPT) since DEARs are directly similar
to standard deviations, Substituting inte equation {5) the calculated individusl DEARs, we get:
DEAR cortfalio = 1152107 + {13,164)° + (46,600)° + 2{(-=0.2)(15,210)(13,164)] *
T B + 2(0.4)(15,210) (45,600) + 2(0.1§13,164)45,600)]
= $56,443
The equation ingicates that considering the risk of each trading position as wel as the corre-
laticn structure among those positions’ returns results in a lower measure of portfolio trading risk
{$56,443) than when rigks of the underlying trading positions (the sum of which was $74,974)
are added. A guick check wil reveal that nad we assumed that all three assets wera perfectly
positively correlated (Le., py = 1), DEAR far the porifolio would have bheen $74,974 (e, equal to
the sum of the three DEARS). Clearly, even In abnormal market conditions, assuming that asset
returns are perfectly carrelated will exaggerate the degree of actusl trading risk exposure
Table 15-4 shows the type of spreadsheet used by Fls to calculate DEAR. As you
can see, in this example, positions ate taken in 13 different country {currency) bonds
in eight different maturity buckets.'® There is also a column for FX risk (and, if neces-
sary, equity risk} in these different country markets, although in this example, the F
has no FX risk exposure (alt the cells are empty).
TABLE 15-3 7-Year Zero €/$1 U.S. Stock Index
Correlations (py)
among Assets 7-year zero - -0.2 0.4
£/%1 - Q.1

U.S. stock index -

7 This 15 a standard relationship from modern portfolio thecry in which the standard deviatlon or risk of
a portfolio of three assets s equal to the square root of the sum of the variances of returns on each of
the three assets individually plus two times the covariances among each pair of these assets, With three
assets there are three covariances, Here we use the fact that a corralatlon coefficient times the standard
devigtions on each pair of assets equals the covatlanice between each pair of assels, Note that DEAR is
measured in dollars and has the same dimensions as a standard devlation. We discussed modern port-
folio theory in mare detail in Chapter 11

‘% Bonds held with different malurity dates (e.g., six years) are split into two and allocated to the near-
est two of the elght maturity buckets (hare, five years and seven years) using three criteria: (1) The sum
of the current market volue of the two resulting cash flows must be identical to the market vatue of the
otlginal cash flow; (2) the market risk of the portfolio of two cash flows must be identical to the overall
market risk of the original cash flow; and (3) the two cash flows have the same sign as the orlginal cash
flow. See JP. Morgen, "RiskMetrics—Technlcal Document,” Novemoer 1994, and "Return to RiskMetrics:
The Evolution of a Standard,” April 2001, www msci com,
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TABLE 15—-4 Portfolio DEAR Spreadsheet

nal Amounts (USS millions equivale Interest _ FXRisk  Total
A ' 2 3 4 5 7 10 DEAR Spot FX Portfolio Total

Alistrafia AUD

Brezil BRL

Candda C_{&D

Denmark 19 -30 14 48 DK 48

Europesn Union -19 30 -1 27 EUR 27

Hong Keng HKD

Japan ?EN

Mexico: MMN

Singspore SGD

Svraden ‘SEK

Switzetiand CHF

United Kingdom ‘GHP

Uritad States 10 10 7€ usp 76

Tetal 10 10 181 151
Partfolio effect (2] {62)

RISk DATA  PRINT CLCSE Total DEAR ($000s) 89 89

In the example in Table 15-4, while the Fl is holding offsetting long and short
positions in both Danish bonds and Eurobonds, it is still exposed to trading risks of
548,000 and $27,000, respectively (see the column Interest DEAR). This happens
because the European Union yield curve is more volatile than the Danish and shocks
at different maturity buckets are not equal. The DEAR figure for a US. bond posi-
tian of long $20 million fs $76,000. Adding these three positions yields a DEAR of
$151,000. However, this ignores the fact that Danish, European Unior, and US. yield
shocks are not perfectly correlated. Allowing for diversification effects (the partfolio
effect) results in a total DEAR of only $89,000. This would be the number reparted
to the FI's senior management. Most financial institutions estabiish limits for value at
risk, daily earnings at risk, position limits, and dollar trading loss limits for their trad-
ing portfolios. Actual activity compared with these limits is then monitored daily.
Should a risk exposure level exceed approved limit levels, management must provide
a strategy for bringing risk levels within approved limits. Table 15-5 reports the aver-
dge, minimum, and maximum daily earnings at tisk for several large U.S. commercial
banks in 2005, 2011, and 2014. Note the increase and then decrease in market risk
for all of these Fls over this period. For example, Citigroup was exposed to an average
DEAR of $109 million in 2005, $153 miltion in 2011, and then back to $109 million
in 2014. As noted in the Introduction, the Volcker Rule was implemented in April
2014. It prohibits depository institutions from engaging in proprietary trading. Thus,
only the investment banking arm of the business is allowed to conduct such trading.
The result is a reduction in securities held and counted toward VAR calculations.

1. What Is the ultimate objective of market risk measurement mode|s? |
2. Refer to Example 15—1. What |s the DEAR for this bond ifa 15 15 bp?

3. Refer to Example 15—4, What is the DEAR of the portfolio if the returns on the three
assets are independent of each other?

Concept
Questions
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TABLE 15-5 WEastn
Dally Earnings Average DEAR Minimum DEAR DEAR during
at Risk for Large Name for the Year durlng the Year the Year

U.S. Commnercial .
Banks, 2005, 2011, 2914

and 2014* (in Bank of Amerlca $ 65 $ 44 $120
millions of dollars)  Citigroup 109 82 158
JP. Morgan Chase 43 29 56
o tor 1 200t KeyGorp 07 04 11
respectlve compantes. Wells Fargo 21 36 71
Sun Trust 2 1 5
2011:
Banhk of Ametlca $167 $ 75 $319
Citigroup 153 104 205
J.P. Morgan Chase 101 67 147
KeyCorp 2 i 2
Wells Farge 29 19 42
Sun Trust 5 3 ¥
2005:
Bank of Ametlca $ 62 $ 38 $ 92
Cltlgroup 109 78 W=7
J.P. Morgan Chase 86 53 130
KeyCarp 2 1 5
Wells Fargo 18 1 24
Sun Trust 4 2 6

* The fgures are based on these banks' Internal models, te, they may be based cn methodologies other than RiskMerrics,

HISTORIC (BACK SIMULATION) APPROACH

A major criticism of RiskMetrics is the need to assume a symmetric {normal) distri-
bution for all asset returns.!? Clearly, for some assets, such as options and short-term
securities (bonds), this is highly questionable. For example, the most an investor can
fose if he or she buys a call option on an equity is the call premium. However, the

12 Another criticlsm is that VAR models like RiskMetrics ignore the [risk In the) payments of accrued Inter-
est on an Fl's debt securities, Thus, VAR models will underestimate the true probability of default and the
appropriate level of capltal 1o be held against this risk. Also, because of the distributional assumptions,
while RiskMetrlcs produces reasonable estimates of downslde rlsk for Fls with highly diversifled portfolios,
Fls with small, undiwversified partfolios will signlficantly underestimate thelr true risk exposure Using Risk-
Matrics Further, a number of authors have argued that many asset distributions have “fat talls" and that
RiskMetrics, by assuming the normal distribution, underestimates the risk of extreme losses. QOne alterna-
tive approach to dealing wlth the “fat-tail” croblem is extreme value theory. Simply put, one can view an
asset distribution as being explained by twe distributicns, For example, a normal distribution may explan
returns Up to the 95 percent thresholg, but for losses beyond that threshold, another distribution, such
as the generalized Pareto distribution, may provide a better explanation of loss outcomes such as the

99 percent level and beyend In short, the nermal distribution is likely to underestimate the Impertance
and size of obsetvallons In the tall of the distriution, which is, after all, what value at risk models are
meant to be measuring. Finally, VAR models by definitlon concarn themselves with risk rather than return.
It should be noted that minimizing risk may be highly costly in terms of the return the Fi gives up Indeed,

" there may be many mote return-rsk combinaticns preferable to that achleved at the minimum risk paint In
the trading portfelle Recent upgrades ta RiskMetrics {se= the RiskMetrics Web shte at www.mscl.com/risk-
performance) allow management to Incorporate a returh dimens|on to VAR analysis s that management
can evaluate how trading portfolic returns differ as VAR changes.
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Investor's potential upside returns are unlimited. In a statistical sense, the returns on
call options are nonnormal since they exhibit a positive skew.?

Because of these and other considerations discussed herein, many Fls thar have
developed market risk models have employed a histaric or back simularion approach.
The advantages of this approach are that (1) it is simple, (2) it does not require that
asset returns be normally distributed, and (3) it does not require that the correlarions
or standard deviations of asset returns be calculated.

The essential idea is to take the current market portfolio of assets (FX, hands,
equities, etc.) and revalue them on the basis of the actual prices (returns) that existed
on those assets yesterday, the day before that, and so on. Frequently, the FI will cal-
culate the market or value risk of its current portfolio an the basis of prices (returns)
that existed for those assets on each of the last 500 days. It will then calculate the
1 percent worst case—the portfolio value thar has the Sth lowest value out of S00.
That is, on only S days out of 500, or 1 percenc of the rime, would the value of the
portfolio fall below this number based on recent historic experience of exchange

(il‘h\i\ rate changes, equity price changes, interest rate changes, and so on.

Anannl Consider the following simple example in Table 15-6 where a US. Fl is trading
“E." two currencies: the Japanese yen (¥) and the Swiss franc (SFr). At the close of trad.
‘\\Vb' ing on December 1, 2018, the FI has a long pesition in Japanese yen of 500 million

and a long position in Swiss francs of 20 million. It wants to assess its VAR, Thar is,
if tomorrow is that 1 bad day in 100 (the 1 percent worst case), how much does it
stand to lose on its total foreign currency position? As shown in Table 15-6, six steps
are required to caleulate the VAR of its currency portfolio. [t should be noted that
the same methodological approach would be followed to calculate the VAR of any
asset, llability, or derivative (bonds, options, etc.) as long as market prices were avail-
able on those assets over a sufficiently long historic time period.

¢ Step |: Measure exposures. Convert today’s foreign currency positions Into dollar eguiv
alents using today’s exchange rares. Thus, an evaluation of the FX position of the Fl an
December 1, 2018, indicaves that it has a long position of $5,000,000 (¥500,000,000/
(¥100/51)) in yen and $18,181,818 (SFr20,000,000/(5Fr1.1/51)) in Swiss francs,

* Step 2; Measure sensitivity. Measure the sensitivity of each FX positlon by calcu
lating Its delta, where delta measures the change in the dollar value of each FX
position if the yen or the Swiss franc depreciates (declines in value) by 1 percent
against the dollar®' As can be seen from Table 15-6, line &, the delta for the
Japangse yen positlon Is —$49,505 (or, ¥500,000,000/(¥101/81) - ¥500,000,000/
{¥100/51)), and for the Swiss franc position, It Is -8180,018 (or, SFr20,000,000/
(SFr1.111/81) - SFr20,000,000/(SFr1.1/51)).

* Step 3: Measure risk. Look at the actual percentage changes (n exchange rates, ¥/$
and SFr/8, on each of the past 500 days. Thus, on November 30, 2018, the vEn
declined in value against the dollar over the day by 0.5 percent while the Swiss
franc declined In value against the dollar by 02 percent. (It might be noted that If
the currencies were to appreciate in value against the dollar. the sign against the
number in row 7 of Table 15-6 would be negative: that Is, It takes fewer units af

i For & nommal distributon, s SHEW (which 5 the third morment of a distlbution] 8 rers

<" That is, In the case of FX, defip measures ine daliar cirange in FX holdings for & Y percent o R i
the fareign exchange rate. |n the cass of equities; It would measure ing change in the value of those
sacfities fara | percemt change In price, white for bonds, It messures the change in value for & 1 pee-
cent change in'thi yield on the bond [nome that deita measures sensilivity of 8 bond’s value to 8 change
n e, not prical,
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TABLE 15-6 Hypothetical Example of the Historic, or Back Simulation, Approach Using Two

Currencies, as of December 1, 2018

Step 1. Measure exposures

1. Clasing positicn on December 1, 2018
2. Exchange rate on December 1, 2018
3.US $ equivalent position on December 1, 2018

Step 2. Measure sensitivity

4,101 % curent exchange rate

5. Revalued position in $s

6. Delta of positian ($s) {measure of sensitivity
to a 1% adverse change In exchange rate,
or row 5 minus row 3)

Yen

Swiss Franc

¥500,000,000  5Fr20,000,000C

¥100/$1
$5,000,000

¥101/%$1
$4 950,495

-$49,505

Step 3. Measure risk of December 1, 2018, ¢losing position using exchange rates

that exlsted on each of the last 500 days
November 30, 2018

7. Change In exchange rate (%) on November 30, 2018

8, Risk (delta % change In exchange rate)
9. Sum of risks = -$60,756.1

Step 4. Repeat step 3 for each of the remalning 499 days

November 29, 2018
Apiil 15, 2017

November 30, 2015

Step 5. Rank days by risk from worst to best
Date

1. May 6, 2017

24 Jan 27,2018

3.Dec 1, 2016

4. Sept 14, 2016

5. Aug 8, 2017

25, Nov 30, 2018

499, April 8, 2018
500, July 28, 2017
Step 6. VAR (5th worst day out of last 500)

VAR = -587,210 (August 8, 2017}

Yen
05%
-$24,752.5

Risk (%)

-$119,096
-%118,703
-%104,366
100,248
-87.210

-$60,756.1

+$112,260
+$121,803

SFr1.1/$1
$18,781.818

SFr1 111/%1
418,001,800

-%$180,018

Swiss Franc
0.2%
-$36,003.6
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foreign currency to buy a dollar than it did the day before.) As can be seen in row 8,
combining the delta (the sensitivity measure of change in dollar value of a FX
position for a 1 percent change in the exchange rate) and the actual percentage
change in each FX rate means a total loss of $60,756.1 if the FI had held the cur-
rent ¥500,000,000 and SFr20,000,000 positions on that day (November 30, 2018).

s Step 4: Repear step 3. Step 4 repearts the same exercise for the yen and Swiss
franc positions but uses actual exchange rate changes on November 29, 2018;
November 28, 2018; and so on. That is, we calculare the FX losses and/or gains
on each of the past 500 trading days, excluding weekends and holidays, when
the FX market is closed. This amounts to going back in time over two years. For
each of these days, the actual change in exchange rates is calculated (row 7) and
multiplied by the deltas of each position (the numbers in row 6 of Tahle 15-6).
These two numbers are summed to attain total risk measures for each of the past
500 days.

« Step 5: Rank days by risk from worst to best. These risk measures can then be
ranked from worst to best. Clearly the worst-case loss would have occurred on
this position on May 6, 2017, with a total loss of $119,096. While this worst-case
scenario is of intetest to Fl managers, we are interested in the 1 percent worst
case, that is, a loss that does not occur more than 5 days out of the 500 days
(5 + 500 = 1 percent). As can be seen, in our example, the 5th warst loss out of
500 occurred on August 8, 2017. This loss amounted to $97,210.

« Step 6: VAR, 1f it is assumed that the recent past distribution of exchange rates is
an accurate reflection of the likely distribution of FX rate changes in the future—
that exchange rate changes have a stationary distribution-then the $97,210 can
be viewed as the FX value at risk (VAR) exposure of the Fl on December 1, 2018.
That 1s, if tomorrow (in our case, December 2, 2018) is a bad day in the FX mar-
kets, and given the FI's position of long yen 500 million and long Swiss francs
20 million, the FI can expect to lose $97,210 (or more) with a 1 percent prob-
ability. This VAR measure can then be updated every day as the FX position
changes and the delta changes. Far example, given the nature of FX trading, the
positions held on December 5, 2018, could be very different from those held on
December 1, 2018.22

The Historic (Back Simulation) Model versus RiskMetrics

One obvious benefit of the historic, or back simulation, approach is that we do not
need to calculate standard deviations and correlations {or assume normal distribu-
tions for asset returns) to calculate the portfolio risk figures in row 9 of Table 15-6.%
A second advantage is that it directly provides a worst-case scenario number, in our
example, a loss of $119,096-see step 5. RiskMetrics, since it assumes asset returns

2% As In RiskMetrlcs, an agjustment can be made for illiquidity of the market, in this case, by assuming
the Flis locked Inte jonger holding periods. For example, if it is estimated that it will take five days
for the Fl Lo seli its FX position, then the Fl will be interested in the weekly (i.e., five rading days)
changes In FX rates |n the past. One immediate prohlem |s that with 500 past trading days, only 100
weekly periods would be available, which reduces the statistical power of the VAR estimate (see
helow)

2 The reason Is that the historic, or back simulation, approach uses actual exchange rates on each day
that expliclily include correlations or co-movements with other exchange rates and asset returns on
that day
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are normally distributed (that returns can go to plus and minus infinity), provides no
such worst-case scenario humber.2*

The disadvantage of the back simulation approach is the degree of confidence
we have in the 1 percent VAR number based an 500 cbservartions. Statistically
speaking, 300 observations are not very many, so there will be a very wide confi-
dence band (or standard error) around the estimated number (397,210 in our exatn-
ple). One possible solution t¢ the problem is to go back in time more than 500 days
and estimate the 1 percent VAR based on 1,000 past daily observations (the 10th
worst case) or even 10,000 past observations (the 100th worst case). The problem
is that as one goes back farther in time, past abservations may become decreasingly
relevant in predicting VAR in the furure. For example, 10,000 observations may
require the Fl o analyze FX data going back 40 years. Over this period, we have
moved through many very difterent FX regimes: from relatively tixed exchange
rates in the 1950-70 period, to relatively floating exchange rates in the 1970s, to
more managed floating rates in the 1980s and 1990s, to the abalition of exchange
rates and the introduction of the euro in January 2002, to large fluctuations in £
exchange rates during the fnancial crisis of 2008-09. Clearly, exchange rate hehav-
for and risk in a fixed-exchange rate regime will have little relevance to an FX
trader or marker risk manager operating and anatyzing risk in a floating-exchange
rate regime,

This seems to contront the market risk manager with a difficult modeling prob-
lem. There are, however, at least two approaches to this problem. The first is te
weight past observations in the back simulation unequally, giving a higher weight
to the more recent past observations. The second is to use a Monte Carlo simulation
approach, which generates addirional observations that are consistent with recent
historic experience. The latter approach, in effect, amounts to simulating or creating
artificial trading days and FX rate changes.

The Monte Carlo Simulation Approach

Ta avercome the problems imposed by 2 limited number of actual observations,
we can generate additional observations (in our example, FX changes). Normally,
the simulation or generatian of these additional observations is structured using
a Monte Carlo simulation approach so that returns or rates generated reflect the
probability with which they have occurred in recent histeric time periods. The first
step is 1o calculate the histaric variance-covariance matrix (Z) of FX changes. This
marrix is then decomposed into two symmertric matrices, A and A'.?* This allows
the FI to generate scenarios for the FX position by multiplying the A’ marrix, which
reflects the historic volatilities and correlations among FX rates, by a random num-
ber vector z:¢ 10,000 random values of z are drawn for each FX exchange rate.?”

“ The 1 percent number in RiskMetrics tells us that we will lose mare than this amount an 1 day out of
avery 100 days |t does not tell us the maximum amount we can lose As noted in the text, theoretically,
with & normal distribution, this could be an infinite amount

%> The only difference between 4 and 47 is that the numbers in the rows of A become the numbers in
the columns of A" The technical term far this pracedure is the Cholesky decomposition, where T = 44",
% Where 7 Is assumed to be normally distributed with a mean of 0 and a standard deviation of 1 or z ~ N
@1

2 Technically, let y be an ©X scenano; then y = A’z For each FX rate. 10,000 values of z are randomly
generated to produce 1000C values of v The y velues are then used to revalue the FX positicn and
calculate gamns and losses
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Industry Perspecti

Vzlue at risk {VAR) estimates, at a 99% confidence level,
the potential decline In the value of a posltlon or a port-
folio under narmal market conditions assuming a ohe-
day holding period. VAR statlstics, which are based on
histerical data, can be materlally different across flrms
due to differences In porifollo composhtion, differences
in VAR methodelogles, and differences in model param-
eters. As a result, Citl belleves VAR statlstics can be
used more effectively as Indlcators of trends in risk tak-
Ing within a firm, rather than as a basis for inferring dif-
ferences In risk-taking across flrms,

Citi uses a single, independently approved Mante
Carlo simulation VAR model . . . which has been designed
to capture materlal risk senslthitles (such as first- and sec-
ond-order sensitivitles of posltions to changes in market
prices) of varlous asset classes/risk types (such as interest
rate, credlt spread, forelgn exchange, equlty and commed-
ity risks). Citi's VAR includes posltions which are measured
at falr value; It does not Include Investment securitles clas-
sified as avallable-for-sale or held-to-maturlty. . ..

']
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Citi belleves its VAR model is conservatively cali-
brated to incorporate fat-tail scallng and the greater of
short-term (approximately the most recent month} and
long-term (three years) market volatility. The Monte
Carle simulatlon involves appreximately 300,000 mar-
ket factors, making use of approximately 180,000 time
serles, with sensltivities updated daily, volatility param-
eters updated dally to weekly and correlatlon param-
eters updated menthly, The conservative features of
the VAR calibratlon contribute an approximate 21%
add-on to what would be a VAR estimated under the
assumption of stable and perfectly, normally distrib-
uted markets.

As set forth In the table below, Citi's average Trading
VAR was relatlvely unchanged from 2013 to 2014, Citi's
average Trading and Credit Portfulio VAR Increased
from 2013 to 2014 due to increased hedging activity
assoclated with non-trading positions and Increased
credit spread volatillty of benchmark indices resulting
from |diosyncratlc events.

December 31, 2014 December 3i, 2013
in Millions of Dollars 2014 Average 2013 Average
Interest rate $ 68 N/A N/A N/A,
Credit spread 87 N/A N/A N/A
Caovariance agjustment!" (36) N/A N/A N/A
Fully diversifled interest rate

and credit spread $119 $114 $115 $114
Forelgn exchange 27 al 34 35
Equity 17 24 26 27
Commodity 23 16 13 12
Covariance adjustment'! {58} {73) (63) (75)
Total Treding VAR—all market risk factors,

including general and speciHic risk

(exciuding credit portfollas)? $130 $112 $125 $113

(1) Covarlance adjustment (also known as diversificatlon beneafit)
the VARs tled to each Indlvidual risk type, The benefit reflects

equals the difference between the total VAR and the sum of
the fact that the risks within each and across risk types are

not perfectly correlated and, consequently, the total VAR cn a given day will be lower than the sum of the VARs relating tc
each Individual rlsk type, The determination of the primary drivers of changes te the covarance adjustment is made by an
axamination of the impact of both mode| parameter and pesition changes.

(2) The total Trading VAR Includes mark-to-market and certain falr value option trading positions from /CG and Citl Heldings,
wlith the excepticn of hedges to the loan portfolio, falr value option loans, and all CVA exposures. Available-for-saie and

accrusl expesures are not included.
N/A Not applicable

Source: Citigroup 2074 10K report, March 2015, p. 111,
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This simulation approach results in realistic FX scenarios being generated as historic
valatilities and correlations among FX rates are multiplied by the randomly drawn
values of z. The VAR of the current position is then caiculated as in Table 15-6,
except that in the Monte Caric approach, the VAR is the 100th worst simulated
loss out of 10,000.

Monte Carlo simulation is, therefore, a tool for considering portfolio valuation
under all possible combinations of factars that determine a security’s value. The
model generates random market values drawn from the multivariate normal distribu-
tions representing each variable. The Industry Perspectives box outlines the process
Citigroup follows in estimating VAR using the Monte Carlo simulation approach
and gives more derail on its 2014 VARs. The resulting VAR averaged $112 million
in 2014.

EXAMPLE 15-5
Calculating Value
at Risk Using
Monte Carlo
Simularion

Consider an Fi with a long pesition in a ane-year, Zero-coupon £€1,000,000 bond. The cur-
rent one-year interest rate on the Eurcbond is 10 percent, So, the present value of the
one-year, €1m noticnal Eurobond is £909,091. The current €/% exchange rate s 0.65 (i.e.,
the $/€ exchange rate is 1.538461), Thus, the Fl has a leng position of $1,328 602 in the
Eurobond, The Fl wants to evaluate the value at risk for this bond based on changes In inter-
est rates anc FX rates ever the next 10 days.

The two underlying bond characteristics to be simulatec are the €/% exchange rate and
the one-year Eurabond interest rate, Mistorical daily volatilities of the £/4% exchange rate, FX,
and the interest rate, |, are such that op, = 0.0042 and o, = 0.0C08 Tha historic carrelation
between the two is p,, =~0.17. To generata 10,000 scenarios for valuas of the two under-
lying kond characteristics in 10 days, Monte Carle analysis first generates 10,000 nairs of
standard normal vatiales whese correlatlon is pey, = —0.17. Label sach pair z:x and z;. His-
tagrams for the results are shewn in Figure 15=2. Nate that the distributions are essantially
the same,

Next. for each of the 10,00C palrs of foreign exchange, Zex. and intarest rate, z;, val-
ues, Monte Cario simulation creates actual values for the hond price In euros {for & givan
change in interest rates, z} and then in dellars (for a given change in the €/% exchange
rate, z=y) To express the bend price in euros, it is necessary ta use the simulated cne-year
Eurobond interest rate in each scenaric. To express the bond price in dollars (accounting
for both the exchange rate and interest rate risk for the bond), it is necessary to multi-
ply the simutated euro-denominated bond price by the exchange rate in each scenario,
Figures 15-3 and 15--4 show the distributions of eurc-genominated bond values and dol-
lar-denominated bond values, respectively, chtained by 10,000 simulations, Table 15=7
lists the first 10 scenarios generated from Monte Carlo analysis. Then with the obsearva-
tions rank ordered frem warst (biggest ioss) to best (ciggest galn), the VAR is the 100th
worst estimate out of 10,000

Concept
Questions

—

What sre the advantages of the historic, or back simulation, approach over Risk-
Metrics to measure market risk?

2. What are the steps involved with the historic, or cack simulation, approach to mea-
suring marx<et risk?
3. What s tha Monte Carlo simulation appreach to measuring market risk?
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TABLE 15-7
Mopnte Carlo
Scenarlos (first 10
trials)

FIGURE 15-5
Probability
Distribution of
Returns for a
Security

€/% PV of Cash Flow {in €s}) PV of Cash Flow {in $s)
0.6500 £906,663 %$1,394,866
0.6540 Q07,898 1,388,223
0.6606 911,214 1,379,373
0.6513 908,004 1,394.141
0.6707 910,074 1,356,902
0.6444 908,478 1,409,804
0.6569 908,860 1,383,659
0.655%9 906,797 1,382,623
0.6530 906,931 1,388,868
0.6626 920,768 1,389,838

Expected Shortfall

As mentioned earlier, a criticism of VAR is that it tells the FI manager the level of
possible losses that might occur with a given confidence level-that is, the 99th
percentile—assuming a normally shaped return distribution. Expected shortfall (ES),
also referred to as conditional VAR and expected tail loss, tells us the average of the
losses in the tail of the distribution beyond the 99th percentile-that is, if 1 in every
100 days there is a loss, ES tells us the average of those 1 in 100 day losses. For
example, in Table 15-6, the FI's 99 percent confidence level VAR is 597,210 Thus, if
tomotrow is a bad day, there is a 1 percent probability that the FI's losses will exceed
$97,210 assuming a normal probability distribution. However, many return distribu-
tions have “fat rails” For example, “black swan events” (a term coined by Nassim
Nicholas Taleb, 2008%) come as a surprise, have a major effect, and are often inappro-
priately rationalized after the fact with the benefit of hindsight. Such events are rare
and difficult to predict but severely affect financial markets. Consider Figure 15-5.
The VAR of the probability distribution is ~$97,210-thar is, assuming a normal prob-
ability distribution, there is a 1 in 100 chance that the Fl will lose no more than
$97.210. However, clearly the probability distribution is not normal but has a fat-tail
loss. Thus, the average of the 1 in 100 day losses will be larger than §97,210.

VAR corresponds to a specific polnt of loss on the probability distribution. It does
not provide information about the potential size of the loss that exceeds it-that is,

A Probabliity

99% VAR
=—-597.210

>
Payoff

28 Nassim Nicholas Taleb, The Black Swan: The impact of the Highly Improbabie (Penguin, 2008),
United Kingdom.




Chapter 15  Market Risk 471

VAR completely ighores the patterns and the severity of the losses in the extreme
tail. Thus, VAR gives only partial information about the extent of possible losses,
particularly when probability distributions are non-normal. The drawbacks of VAR
became painfully evident during the financial crisis as asset returns plummeted into
the fat-tail region of non-normally shaped distributions. Fl managers and regulators
were forced to recognize that VAR projections of possible losses far underestimated
actual losses on extreme bad days.

ES is a measure of market risk that estimates the expected value of losses beyond
a given confidence level-that is, it is the average of VARs beyond a given confidence
level. Specifically, for a confidence levei ¢, ES can be solved using the following for-
mula for a continucus probability distribution:

ES(c) = i%_éfj Var(w) du

That is, for a confidence level of, say, 99 percent (i.e, ¢}, we measure the area under
the probability distribution from the 99th to 100th percentile.?®
For a discrete distribution,

ES = —-B(AV|AV < —Var)

That is, for a confidence level of, say, 99 percent, we sum the weighted value of any
observation in the discrete probability distribution from the 99th to 100th percentile.

In Figure 15-5, VAR tells the Fl manager the loss at a particular point, ¢, on
the probability distribution (Le, 99th percentile). I, howevet, fails to incorporate
information regarding the shape of the prabability distribution below that particular
point. Expected shortfall is the average VAR ta the left of the 99 percent confidence
level. Thus, VAR is identical for beth probabllity distributlons. However, ES, which
incorporates points to the left of VAR, is larger when the probability distribution
exhibits fat-tail losses. Accordingly, ES provides more information about possible
market risk losses than VAR. For situations in which probability distributions exhibit
fat-tail losses, VAR may look relatively small, but ES may be very large.

EXAMPLE 15-6
Simple Example
of VAR versus ES

Conslder the followlng discrete probability distribution of payoffs for two securit’es, A and B,
held in the trading portfolic of an FU:

. Probabllity A Probablllty B
50.00% $100m 50.00% $100m
49.00 80m 49,00 92 m
1.00 -920m 0.25 -920m
0.75 -1,704 m

The Fi wants tc estimate which of the two securlties wlil add more markst tlsk to Iis traging
portfolio according to beth the VAR and ES measures.

Expecied return on security A = 0.50(%100m) + 0.4H$80m) + 0.01(-$920m) = $80m

Expected return on securlty B = 0.50(%100m) + 0.49($92 m) + 0.0025({-$920m)
+0.0075(-$1,704m) = $80m

continued

22 The Bank for International Settlements did not speclfy a particular fat-tail distribution In measuring
axpected shortfalf
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Far & 99 percent confidence level,
VAR, = VAR = -$920m
Yet, for @ 99 percent confidence level,

ESa = -$920 m, while ESg = 0.25(-$920 m) + 0.75(-$1,704 m) = -$1,508 m

Thus, while the VAR is identical for both securities, the ES finds that securlty B has the poten-
tial to subject the Fl to much greater losses than security A. Specifically, If tomorrow is a bad
day, VAR finds that there is a 1 percent probability that the FI's losses will exceed $920 million
on either security. However, if tomarrow is 2 bad day, ES finds that there Is & 1 percent prab-
ability that tha FI's lossas will excesd 5920 milllon if sscurity & Is In s fradirg partfollo, but

rosses Wil exceed 51,508 milllonh If sscutity B s Irt ite trading partfollo

For continuous probability distributions ES uses a scaling factor based on a fat-
tailed student’s t distribution.*® Thus, while the scaling factors for VAR are 2.33 for a
1 percent confidence level (and 1.65 for a 5 percent confidence level), ES scales up
the risk factor to account for fat tails in the probability distribution, using 2.665 for
a 1 percent confidence level (and 2.063 for a 5 percent confidence level).

EXAMPLE 15-7 -AnFlhas €1 milllon in its trading pertfalio on the close of business on a particular day. The
Esr:‘mating Fl wants tc calculate the one-day VAR and ES from this position. The first step Is to calculate

the dollar value posltion:
VAR and ES of Suppose the current exchange rate of euros for dollars is €0.7983/%, or dollars for euros

Trading Portfolio s $1.2527, at the caily close Sa,
Securities Dollar value of positlon = €1 million x 1.2527 = $1,252,700

Suppose also that looking back st the dally percentage changes In the €/% exchange
rate over the past year, we find that the volatility, or standard deviation (a), of daily per-
centage changes in the spot exchange rate was 44.3 bp. However, the Fi is interested In
adverse moves—bad moves that will not occur more than 1 percent of the time, or { day
in every 100 days.

Value at Risk

Using VAR, which assumes that changes in exchange rates are normally distributed, the
exchange rate must change in the adverse direction by 2.33¢ (2 33 x 44.3 bp) for this
change to be viewed as likely to cccur only 1 day In every 100 days:

FX volatility = 2.33 % 44.3 bp = 103.219 bp

In other words, using VAR during the last yesr the euro declined in value against the dollar
by 103.218 bp 1 percent of the time, As a resuli, the one-day VAR is; |

VAR = $1,252,700 x 0.0103219 = $12,930

0 Specifically,

ES =Scalet® % g% X

where,

NPSN=1(1 — o))
1—-c

Scalefs = —
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Expected Shorifall

Using ES, which assumes that changes in exchange rates are normally distributed but with fat
tails, the exchange rate must change in the adverse direction by 2.665¢ (2.665 x 44.3 bp)
for this change to be viewed as likely to occur only 1 day in every 100 days:

FX volatllity = 2.665 x 44.3 bp = 118.0595 bp

In other words, using ES during the (ast year the euro declined in value against the dollar by
118.0595 bp 1 percent of the time. As a result, the ohe-day ES is:

ES = $1.252,700 x 0.01180595 = $14,798

The potential loss exposura to adverse eurc to dollar exchange rate changes for the FI
from the €1 milllon spot currency holdings are higher using the ES measure of market risk.
ES estimates potential losses that are $1,868 higher than VAR. This is because VAR focuses
on the location of the extreme tall of the probabillity distrlbution. ES also constders the shape
of the probability distributich once VAR is excaadad.

Concept
Questions

1 What Is the difference between VAR and ES?
2. Why Is ES superior to VAR as a measure of market rlsk?

REGULATORY MODELS: THE BIS STANDARDIZED FRAMEWORK

www.bls.org

www.federalreserve,goy

The development of internal market risk models by Fls such as ].P. Morgan Chase
was partly in response to proposals by the Bank for International Settlements (BIS)
in 1993 to measure and regulate the market risk exposures of banks by imposing
capiral requirements on their trading portfolios.?! As noted in Chapter 7, the BIS is
an organizatlon encompassing the largest central banks in the world. After refining
these proposals over a number of years, most recently in 2013, the BIS (including the
Federal Reserve) decided on a final approach to measuring market risk and the capital
reserves necessary for an Fl to hold to withstand and survive market risk losses. These
required levels of capital held to protect against market risk exposure are in addition
to the minimum level of capital that banks are required to hold for credit risk pur-
poses (see Chapter 20). Since January 1998, banks in the countries that are members
of the BIS can calculate their market risk exposures in one of two ways. The first is
to use a simple standardized framework (to be discussed below). The second, with
regulatory approval, is to use theit own internal models, which are similar to the mod-
els described above. However, if an intetnal model is approved for use in calculating
capital requirements for the FI, it is subject to regulatory audit and certain constraints.
Before looking at these constraints, we examine the BIS standardized framework.
Additional details of this model can be found at the BIS website, www.bis.org.>?
The financial crists exposed a number of shortcomings in the way market risk was
being measured in accordance with Basel Il rules. Although the crisis largely exposed
problems with the large-bank internal models approach to measuring market risk,

31 BIS, Basel Committee on Banking Supervision, “The Supervisaty Treatment of Market Risks,” Basel,
Switzerland, April 1993; "The New Base! Capital Accord: Third Consultative Paper,” Basel, Switzerland,
April 2003; and Revisions to Basel Il Market Risk Framewaork, Basel, Switzertand, January 2009,

%2 Speclfically, Basel 2.5 and 8asel !l chahges are discussed In “Fundamental Review of the Trading
Book: A Revised Market Risk Framewcrk," BIS Basel Committee anh Banking Supervision, October, 2013
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EXAMPLE 15-8
Calculating
Market

Risk Capital
Regquirement
Using the BIS
Standardized
Approach

the BIS also identified shortcomings with the standardized approach. These included
a lack of risk sensitivity, a very limited recognition of hedging and diversification
benefits, and an inability to sufficiently capture risks associated with more complex
instruments. To address shortcamings of the standardized approach to measuring
market risk, Basel [Il proposes a “partial risk factor” approach as a revised standardized
approach.

Partial Risk Factor Approach

The partial risk factor approach applies risk weights to the market values of trading
portfolio securities with enhancements to prudently reflect hedging of and diver-
sification across securities. Particularly, the partial risk factor approach requires the
following process be followed by Fls to determine capital requirements:

1. Assign instruments to asset "buckers.” Instruments are placed in asset buck-
ets across each of five risk classes according to their risk similarity. The risk
classes include FX, interest rates, equitles, credit (including securitizations), and
commodities.

2. Calculate each bucket’s risk measure. A risk measure is calculated for each bucket
using a regulator-specified formula based on ES estimates, The market values of the
assets in each bucket are multiplied by the risk weight. Risk welghts have been set
by the BIS and are differentiated by asset class: FX, interest rates, equities, credit, and
commodities. The risk exposure for each bucket is calculated using the following
equation:

Kb = 'q.."ll.il R L“r’.‘";‘ld‘lr'} "‘_Z]Z;%[ pﬂRW!MVI_RW’M‘/J

where MV, is the value of the notional position in equity i, RW, is the risk weight
assigned to equity i, and p, is the correlation parameter between equities [ and j.

3. Aggregate the buckets. The risk measures of the individual asset buckets are
aggregated to obtain the capital requirement for the trading paortfolio. The formula
used to aggregate is:

B g
Capital = \I."El KE+ 'El c%;{bcsb 5.

where S, = ¥,.;RWMV, and vy, is cortelation parameter between buckets b and ¢
defined by regulators. The first term in this formula aggregates risk across buckets
without considering cross-bucket diversification (the “sum of squares”). The second
term adjusts for the “same direction” correlation between the asset types in b and ¢
(i.e,, long/long or short/short), y,. Correlations have been set by the BIS and are dif-
ferentiated by asset class.

In Its trading portfolio, an Fi holds 500 shares of Verlzon at a share price of $47.25, 200
shares of Goldman Sachs at a price of $206 40, and 4,200 shares of Lloyds Banking Group
at $5.26, The Fi also has sold 1,000 Deutsche Telecom shares at a share price of $16 35
and 50 of Geldman Sachs shares. To calculate the market risk capltal charge on these secu-
rities, the Fl proceeds as follows

Step 1: Offset equitles In the same equity name

Lonhg and short notional positlons In the same equity name are allowad offset each other.
So, the 50 shares of Goldman Sachs sold by the Fl are offset agalnst the 200 shares long to
leave 150 shares to be assigned to a bucket,
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Step 2: Place the net position in each equlty name Into the relavant risk Bucket
Net neotional posttions in each equity name are then assigned to the appropriate equlty
bucket based on their ohservable character(stics, according to the fallowing table;2?

H ] | 1
Number Size Region Sector
1 ' Consumer, Utilities
2 Emerging markets Telecommunlcatlons, Industrials
3 Basic materials, Energy
4 T gl Financial, Te:nﬁ.n.:og}r
5 Consumet, Utitities
6 Do Hisits | Telecommunications, Industrials
7 Basic materials, Energy
B - Financial, Technology
9 smail  |— Emerging markets L All sectors
10 | Developed markets All sectars

"Large” Is defin=d 55 & market capitalization equal 1o ar grester then S2 olllion, and “small”
Is defined as 5 market capitalizstion of l=ss than $2 bllien. Pevaloped markets are definad
s North Amerles, the eyre ares, the nen-suro srea of western Eurapean countries fthe
United Kingdem, Norway, Sweden, Denmark. and Switzerand), Japan, and Ccmania
(Austraiin and New Fasland), Accordingly, the shares of Verizon and D=utsche Telecom wil
fall in pucket B and Goldman Sechs and Lioyds Banking Group will be assigned o buckst 8

For each bucker, the BIS has assigned risk welghts 1o each notlonal pasitien as fallows:™

Bucket Number Risk Weight
55%
a0%
45%
55%
30%
35%
40%
50%
70O%
50%
Residual bucket 70%

OO bE WN

-
o

50, the shares of Vetizon and Deutsche Talecam will have a rlsk welght of 35 percent, and
Galdman Sachs and Lloyds Banking Group will have a risk welght of 50 percant,

The risk exposure for each bucket with notional positions i =1, 2, ., . , I are calculated
using the following formula, which recognizes offsetting and diverslfication within the bucket:

Ko = VLRWEMVE + 5,5 0p RWMV,R WMV,

continued

33 These are the buckets as assigned by the Bank for International Settlements for equity risk (see Basel
Committee on Banking Supervision, Cohsultative Document, Fundamenta! Review of the Trading Book: A
Revised Market Risk Framework, October 2013).

H Riske waights and coralations far athies az=2 categones e avallabie in Basal Coammities on Banking
Supervision, Consultative Document, Fundamantal Renvdesw of the Trading Bnok: A Revised Market Risk
Framework, Ocltober 2013
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where MV, is the value of the notional position in equilty i, R, s the risk weight asslgned to
equity /, and p, is the correlation parameter between equitles / and j. The value of py for & pair of
equities / and / will depend on whether the two positions have the same slgn {lengflang or short/
short) or different signs {long/short). The BIS has set these correlations for equity risk as follows:

Bucket Number Same Sign Different Sign
1 20% 10%
2 20% 15%
3 25% 15%
q 30% 20%
5 20% 10%
<1 30% 15%
7 35% 20%
8 35% 20%
9 15% 5%
10 25% 10%
Residual bucket 100% 0%

Thus, Verizon (long posltion} and Deutsche Telecom (short poslticn) will have a carrelation,
Py of 15 percent, and Goldman Sachs (long positicn) and Lioyds Banking Group {long posi-
tion) will have a carrelation, py, of 35 percent. The risk exposures from the two-bucket six
securities and two-bucket eight securities are calculated as:

Ke=[{0.35)° (500 x $47.25)* + (0351 (1,000 x $16.35F + 2(0.15)(0.35)500 x $47.25!
[0:35)(1,000 % $16.35)1'" = $10,738.46

Kg = [{0.50)*(150 x $206.40) + (0.50)*(4,200 x $5.26)2 + 2{0.35)(0.50)(15C x $206.40)
(0.50)(4,200 % $5.26))""2 = $21,939.44

Step 3: Aggregate the buckets
The risk expcsures for each of the individual risk buckets are then aggregated tc obtalh the
capital requitement for equity risk using the following formula;

] [z]
Equity risk capital = \/ Y RE+ 21 %ncsbsc + K resiuol
b=1 b=1c#

where 5, = ZRW MW, and y,. Is the correlation parameter between buckets b and ¢, The BIS
has set these cdrrelations as follows:

Buckets| | 2 (3 4 56 7 e |9 10

115% | |
[ 15% | 15% |
15% | 15% | 15%

1
2
3
.4
| B [ 10% | 10% | 10% | 10% I
6
£
8
9

10% | 10% | 10% | 10% | 20% | -
10% | 10% | 10% | 10% | 20% | 20% i
10% | 10% | 10% | 10% | 20% | 20% | 20% |
10% | 10% | 10% | 10% | 10% | 10% | 10% | 10%
10 | 10% [10% [ 10% [ 10% [ 15% | 15% | 15% | 16% | 10% |

——

Thus, the equity risk capital for this Fl is:

Equity risk capital = {[($10,738.46) + ($21,939.44)2 + 2(0.20)[(0.35)(500 x $47.25)+(0.35)
(1,000 x $16.35)][(0.50)150 x $206.40) + (0.50)(4,200 x $5.26))¥? = $27,296.64
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THE BIS REGULATIONS AND LARGE-BANK INTERNAL MODELS

As discussed above, the BIS capital requirement for market risk exposure introduced
in January 1998 allows large banks (subject to regulatory permission) to use their own
internal madels to calculate market risk instead of the standardized framework. The
initial market risk capital requirements were included as part of what became known
as Basel I capital rules. However, details of the capital calculations have been refined
and revised over the years. Today, Fls’ Internal models are governed by Basel 2.5
(implemented in 2012) and Basel Il (phased in between 2013 and 2019) versions of
the rules for adequate capital at Fls. (We examine the initiatives taken by the BIS and
the major central banks, e.g, the Federal Reserve, in controlling bank risk exposure
through capital requirements in greater detail in Chapter 20.)

During the financial crisis, losses due to market tisk wetre significantly higher than
the minimum market risk capital requirements under BIS Basel I and Basel Il rules. As
a result, in July 2009, the BIS announced Basel 2.5, a final version of revised rules for
market risk capital requirements. Specifically, in addition to the risk capital charge
already in place (steps 1 and 2 listed below), an inctemental capital charge is assessed
which includes a “stressed value at risk” capital requirement taking into account a
one-year observation petiod of significant financial stress relevant to the FFs portfolio
(step 3 listed below). The introduction of stressed VAR in Basel 2.5 is intended to
reduce the cyclicality of the VAR measure and alleviate the problem of market stress
periods dropping out of the data perlod used to calculate VAR after some time. Basel
2.5 requires the following process be followed by large Fls using internal models to
calculate the market risk capital charge.

1. In calculating DEAR, the Fi must define an adverse change in rates as being in the
99th percentile (multiply o by 2.33).

2. The FI must assume the minimum holding period to be 10 days (this means that
daily DEAR would have to be multiplied by +10).

3, The FI must add to this a “stressed VAR” that is intended to replicate a VAR
calculation that would be generated on the FI's trading portfolio if the relevant
market factors were experiencing a petiod of stress. The stressed VAR is based
on the 10-day, 99th percentile VAR of the trading portfolio with model inputs
incorporating historical data from a one-year period of significant financial stress.
The petiod used must be approved by the supervisor and regularly reviewed. Fot
example, a 12-month period relating to significant losses during the financial crisis
would adequately reflect a petiod of such stress.

The FI must consider its proposed capital charge or requirement as the sum of:

1. The higher of the previcus day’s VAR (value at risk or DEAR x +/10) and the aver-
age daily VAR over the previous 60 business days times a multiplication factor with
a minimum value of 3, ie, capital charge = DEAR X V10 X 3 (in general, the mul-
tiplication factor makes required capital significantly higher than VAR produced
from private models), plus

2. The higher of its latest available stressed VAR and an average of the stressed VAR
over the preceding 60 business days times a multiplication factor with a mini-
mum value of 3 and a maximum of 4.

From this,

Capital charge for market risk = (VAR x v'10) x 3) + (Stressed VAR x v'10) X 3)
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For example, suppose an Fl's portfolio VAR over the previous 60 days was $10 million
| and stressed VAR over the previous 60 days was $25 million using the 1 percent worst
case (or 99th percentile). The minimum capital charge would be?

Capital charge = ($10 miliion x +/10 x 3) +($25 million x +/10 x 3)
= $332.04 million

Basel Il proposes to replace VAR models with those based on extreme value
theory and expected shortfall (ES). As discussed earlier, the ES measure analyzes the
size and likelihood of losses above the 99th percentile in a crisis period for a traded
asset and thus measures “tail risk” more precisely. Thus, ES is a risk measure that con-
siders a more comprehensive set of potential outcomes than VAR. The BIS change to
ES highlights the importance of maintaining sufficient regulatory capital not only in
stable market conditions, but also in periods of significant financial stress. Indeed, it
is precisely during periods of stress that capital is vital for absorbing losses and safe-
guarding the stability of the banking system. Accordingly, the committee intends to
move to a framework that is calibrated to a period of significant financial stress.

Two methods of identifying the stress period and calculating capital requirements
under the internal models are the direct methed and the indirect method. The direct
method is based on the approach used in the Basel 2.5 stressed VAR. The FI would
search the entire historical period and identify the period that produces the highest
ES result when all risk factors are included. However, Basel Il would require the FI to
determine the stressed period on the basis of a reduced set of risk factors. Once the Fl
has identified the stressed period, it must then determine the ES for the full set of risk
factors for the stress period. The indirect method identifies the relevant historical period
of stress by using a reduced set of risk factors. Howevet, instead of calculating the full
ES model to that period, the FI calculates a loss based on the reduced set of risk factors.
This loss is then scaled using the ratio of the full ES model using current market data to
the full ES model using the reduced set of risk factors using current market data.

Finally, it should be noted that the market risk framework discussed earlier is
based on an assumption that an FI's trading book positions are liquid—that is, that
Fls can exit or hedge the trading book positions over a 10-day horizon. The finan-
cial crisis proved this to be false. Thus, under the new liquidity risk measures, the
10-day liquidity metric as used in the VAR calculations (i.e, VAR x 4/10) is replaced
with liquidity horizons based on a set of quantitative and qualitative criteria that
allow for changes in market liquidity conditions. Specifically, FIs’ exposures would
be assigned to one of five liquidity horizon categories, ranging from 10 days to one
year based on the time required to exit or hedge a risk position in a stressed market
environment. Further, capital add-ons are included for jumps in liquidity premia.
These add-ons would apply only to instruments that could become particularly illig-
uid to the extent that the market risk measures, even with extended liquidity hori-
zons, would not sufficiently capture the risk to Fl solvency from large fluctuations in
liquidity premia on these securities.

[ * The Idea of a minlmum multiplication factor of 3 is to create a scheme that is “incentive compatible,”
Specifically, If Fls using internal models constantly underestimate the amount of capltal they need te
meet thelr markst risk exposures, reguigtors can punish those Fls by ralsing the multislication factor

| | to as high as 4. Such a response may effectively put the Fl out of the trading business. The degree to

| which the multipfication factor fs raised above 3 depends on the number of days an FI's model under-
| | estimates Its market risk over the preceding year. For example, an underestimation error that occurs on

mate than 10 days oLt of the past 250 days will result in the multiplication facter's being ralsed to 4




TABLE 15-8
Ratio of Market

Risk to Total Risk-

Based Capital for
Bank Holding
Companies Using
Internal Models
Source: Federal Reserve

Board, FR Y-9C Reports,
2014,
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Market Risk to Total

Name Risk-Based Capital (%)
Bank of Americs 397%
Cltigreup 386

4P. Morgan Chase 6:14

HSBE Narth Amerlca 161
KeyCatp 051

SUnirust 151

Walis Farge 1,84

Bank-of Naw Yark Mallon 1.32

PMNEC Flnancial 051

LIS Hancorp 0.26

Table 15-8 lists the marker risk to the tota] risk-based capital for several large
US. bank holding companies in 2014. Notice how small the market risk capital is
relative to the roral risk-based capital for these banks. Only |.P. Morgan Chase has
a ratio greater than 4 percent. The average ratio of markert risk capital to total risk-
based capital required for the 10 bank holding companies is only 2.17 percent.
Moreover, very few banks, other than the very largest (above), report market risk
exposures at all.

Cnncept 1 Whatis the BIS standardized framework for measuring market risk?
Questions 2. Whatis the effect of using the 99th percentiie (1 percent worst case) rather than the
96th percentlle [5 percent warst case) on the messured slze of an Fl's market risk
exXposuras?
Summary In this chaprer, we analyzed the importance of measuring an FI's market risk expo-

sure. This risk is likely to continue to grow in importance as more and more lpans
and previously illiquid assets become marketable and as the traditional franchises
of commercial banks, insurance companies, and investment banks shrink. Given the
risks involved, both private FI management and regulators are investing increas-
ing resources in models to measure and track market risk exposures. We analyzed
in detail four approaches Fis have used to measure marker risk: RiskMetrics, the
historic (or back simulation) approach, the Monrte Carlo simulation appraach,
and the expected shortfall (ES) approach. The first three approaches offer different
methods used to calculate value at risk. The expected shortfall model is an alterna.
Live to the traditional value at risk measure that is more semsitive ta the shape of
the loss tail of the probability distribution of returns. The four approaches were
also compared in terms of simplicity and accuracy. Market risk is also of concern
to regulators. Beginning in January 1998, banks in the United States have had to
hold a capital requirement against the risk of their trading positions, The novel fea-
ture of the regulation of market risk is that the Federal Reserve and other cenrral
banks (subject to regulatory approval) have given large Fls the option to calculate
capital requirements based on their own internal models rather than the regula-
tory model.
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Questions
and Problems

8]

|

10.

11.

12.

. What is meant by market risk?
. Why is the measurement of market risk important to the manager of a financial

institution?

. What is meant by daily earnings ar risk (DEARY Whar are the three measurahle

components’ What is the price volatility component

- Follow Bank has a §1 million position in a five-year, zero-coupon bond with 2

face value of §1,402,552, The bond is trading at a vield to maturity of 7.00 per
cent. The historical mean change in dally vields Is 0.0 percent and the standard
deviation 15 12 basis points.

. What s the modified duration of the bond?

b. What = the maximum advemnse dally yield move given that we desire no more
than a 1 percent chance that ylekd changes will be higher than this maximum

C. What is the price volatility of this bond:

d. Whar is the daily carnings at risk for this bond?

- How can DEAR be adjusted to account for potential losses over multiple days?

What would be the VAR for the bond in problem 4 for a 10-day period? What
statistical assumption is needed for this caleulation? Could this treatment be
critical?

- The DEAR for a bank is $8,500. Whar is the VAR for a 10-day period: A 20-day

period? Why is the VAR for a 20-day period not twice as much as that for a
10-day period?

. The mean change in the daily yields of a 15-year, zero coupon bond has been

five basis points (bp) aver the past year with a standard deviation of 15 bp. Use

these data and assume that the yleld changes are normally distribured

& What is the highest vield change expected If 2 99 percent confidence limir Is
required; that fs, adverse moves will not accur mare than 1 day In 100 days?

b. What is the highest yleld change expected (f 1 95 percent confidence limir Is
required; adverse maves will not occur more than | day In 20 days?

In whar sense Is duration a measure of market risk?

. Bank Alpha has an inventory of AAA-rated, 15-year zero-toupon bonds with a

face value of $400 million. The bonds currently are yielding 9.5 percent in the

over-the counter market

. What is the maditied duration of these bonds;

b. What is the price volatility if the potential adverse move in yields is 25 basis
points?

¢. What is the DEAR?

d. If the price volatility is based on a 99 percent confidence limit and 4 mean
historical change in daily yields of 0.0 percent, what is the implied standard
deviation of daily yield changes?

Bank Bera has an inventory of AAA-rated zero-coupon bonds with a maturity of

13.42 vears and a face value of $127,503,041. The modified duration of these

bonds is 12.5 years, the DEAR is $2,150,000, and the potential adverse move in

ylelds is 35 basis points. What is the market value of the bonds, the yield on the
bonds, and the duration of the bonds?

Bark Two has a portfolio of bonds with 3 market value of $200 million. The

bonds have an estimarted price volatility of 0.95 percent. What are the DEAR

and the 10-day VAR for these bonds?

Suppose that an FI has a €1.6 million long trading position in spat eurcs at

the close of business on a particular day. Looking back at the daily percent-

age changes in the exchange rate of the €/$ for the past year, the volatility or




13.

14,

15.

18,
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standard deviation (o) of daily percentage changes in the e/$ spot exchange
Iate was 62.5 basis points {bp). Calculate the Frg daily earnings ar risk from
this position (i.e, adverse moves in the FX markets with respect to the vatue of
the euro against the dollar will rot accur more than | percent of the time, or
| day In every 100 days) If the spor exchange rate s €0.80/81, or §1 25/€, at
the dally close.

Bank of Southern Vermont has determined that its tnventory of 20 million eurns
(€) and 25 million British pounds (£) is subject to market risk. The spot exchange
rates are §1.20/€ and $1.60/E, respectively. The a's of the spot exchange rates of
the € and £, based on the daily changes of spot rates over the past skx months,
are 65 bp and 45 bp, respectively. Determine the bank's 10 day VAR for both
currencies. Use adverse rate changes in the 991k percentile

Bank of Bentley has determined thar its nventory of yen (¥)-and Swiss franc (SFr)
denominated securitles is subject to market risk. The spot exchange rates are
¥12000/3 and SFr0.9500/5, respectively. The o's of the spot exchange rates of
the ¥ and SFr, based on the dally changes of spot rates over the past six months,
dre 75 bp and 55 bp, respectively. Using adverse rate changes in the 99th per
centile, the 10-day VARs for the rwo currencles, ¥ and SFr, are $350.000 and
$500,000, respectively. Calculate the yen and Swiss franc-denominated value
positions for Bank of Bentley.

Suppose that an FI holds a $15 million trading position in stocks thar reflect
the US. stock market index (e.g. the S&P 500). Over the last year, the o, of the
daily returns on the stock market index was 156 bp. Calculate the DEAR for this
portfolio of stocks using & 99 percent confidence limit.

Bank of Alaska's stock portfolio has a market value of $10 million. The bera of
the portfollo approximates the market portfolio whose standard deviation {6,
has been estimated at 1.5 percent. What is the five-day VAR of this portfolio
using adverse rate changes In the 9oth percentile?

+ Jefl Resnick, vice president of aperations at Choice Bank s estimating the

dggregate DEAR of the bank's portfalio of assets consisting of loans (L), forelgn
currencies (FX), and common stock (EQ). The individual DEARs are $300,700,
274,000, and §126,700, respectively. If the correlation coelficlents (p,) between
Land FX, L and EQ, and FX and EQare 0.3, 0.7, and 0.0, respectively, what (s the
DEAR of the aggregate portfolio?

Caleulate the DEAR for the following portfolio with the correlation coefficients
and then with perfect positive correlation between various asset groups.

Assets Estimated DEAR (Pxrx) (Psa) (7w, =)

Stocks {S) $360,000 -C.10 Q.75 0.20
Foreign exchange (FX) 20C,000
Bonds (2) 250,000

I9.

20.

What is the amount of risk reduction resulting from the lack of perfect positive
correlation between the varlous asset groups?

What are the advantages of using the back simulation approach to estimate mar-
ket risk? Explain how this approach would be implemented.

Export Bank has a tracding positlon in lapanese yen (¥} and Swiss francs (SFr). At
the close of business on February 4, the bank had ¥450 million and SFr10 mil-
lion. The exchange rates for the most recent six days are given below.

www.mhhe.com/saundersSe
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Exchange Rates per U.S. Dollar et the Close of Business

2/4 2/3 2/2 2/1 1/29 1/28
Japanese yen 12013 120.84 120.14 123.05 124.35 124,32
Swilss francs 0.9540 09575 09533 0.9617 0.9557 0.8523

21

What is the foreign exchange (FX) position in dollar equivalents using the FX
rates on February 47

What is the definition of delra as it relates to the FX position?

Whart is the sensitivity of each FX position; that is, what is the value of delta
for each currency on February 41

. Whar Is the daily percentage change in exchange rates for each currency

over the five-day period?

. What is the total risk faced by the bank on each day? What is the worst-case

day? What is the best-case day?

Assume that you have data for the 500 trading days preceding February 4.
Explain how you would identify the worst-case scenario with a 99 percant
degree of confidence.

Explain how the 1 percent value at risk (VAR) position would be interpreted
for business on February 5.

How would the simulation change at the end of the day on February 5! What
variables and/or processes in the analysis may change? What variables and/or
processes will not change? '

Export Bank has a trading position in euros and Australian dollars. At the close
of business on October 20, the bank had €22 million and A$40 million. The
exchange rartes for the most recent six days are given below:

Exchange Rates per U.S. Dollar at the Close of Business

10/20 10/19 10/18 10/17 10/16 10/15

Euros 08800 08770 08575 08675 08750 08915
Australian s 1.2900 1.2750 1.3000 12855 1.2705 1.2660
2. What is the foreign exchange (FX) position in dollar equivalents using the FX
rates on October 20
b. What is the sensitivity of each FX position; that is, what is the value of delta
for each currency on October 20
c. What is the daily percentage change in exchange rates for each currency
over the five-day perlod?
d. What is the total risk faced by the bank on each day? What is the worst-case
day? What is the best-case day?
22. What is the primary disadvantage of the back simulation approach in measuring

23

24.

market risk? What effect does the inclusion of more observation days have as a
remedy for this disadvantage! What other remedles can be used to deal with the
disadvantage?

How is Monte Carlo simulation useful in addressing the disadvantages of back
simulation? What is the primary statistical assumprion underlying its use?

What is the difference between VAR and expected shortfall (ES) as measure of
market risk?
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Consider the following discrete probability distriburtion of payoffs for two securi-
ties, A and B, held in the trading portfolio of an FI:

Probability A Probabllity B
50.00% $80m 50.00% $80m
45.0C 80m 49,00 a8m
1.00 ~740m 0.4¢ ~740m
Q.60 ~-1,393m

Which of the two securities will add more market risk to the Fps trading portio-
lo according to the VAR and ES measures)

Consider the following discrete probability distribution of payotts for twa securi-
ties, A and B, held in the trading partfolio of an FI;

Probabillity A Probability B
55.00% $120m 55.00% $120m
44.00 95m 44 .00 100m
1.00 -1,100m 0.30 —1.100m
Q.70 -1.414m

Which of the two securities will add more market risk to the FI’s trading portfo-
lio according to the VAR and ES measures)

An FI has £5 million In fts trading portfolio on the close of business on a particu
lar day, The curremt exchange rate of pounds for dollars (s E0.6400/5, or dollars
for pounds 1§ $1.5625, at the daily close. The volatility, or standard deviation (),
of dally percentage changes in the Spot £/5 exchange rate over the past Vear was
58.5 bp. The F Is interested in adverse moves-bad moves that will not oceur
mare than | percent of the time, or 1 day In every 100 days. Calculate the one-
day VAR and ES from this position,

An Fl has ¥750 million in its trading portfolio on the close of business on 3 par-
ticular day. The current exchange rate of yen for dollars is ¥ 120.00/8, or dollars
for yen is $0.00833, at the daily close. The volatility, or standard deviation (a), of
dally percentage changes in the spot ¥/§ exchange rate over the past vear was
1216 bp. The FI is interested in adverse maves-bad moves that will not occur
more-than 1 percent of the time, ar 1 day in every 100 days. Calculate the one-
day VAR and ES from this pasition,

Bank of Hawaii's stock portfolio has a market value of $250 million. The beta of
the portfolio approximates the marker portfolio, whose standard deviation (5,
has been estimated at 2.25 percent. What are the five-day VAR and ES of thig
portfollo using adverse rate changes In the 99th percentile

Despite the fact thar marker risk capital requirements have been imposed on
Fls since the 1990s, huge lasses in valye were recorded during the financlal
crisis from losses incurred in Flg trading portfolios, Why did this happem
What changes to capital requirements did regulators propose to prevent such
losses from reaccurring?

In its trading portfolio, an FI holds 2,000 shares of Under Armour at a share price
of $84.50, 3,000 shares of BT Group (British telecommunication firm) at a price
of $68.50, and 4,500 shares of AT&T at 5$34.40. The FI also has soid 5,000 Swatch
Group (a Swiss watchmaker) at $19.00 and 2,500 of AT&T shares, Calculate the
market risk capital charge on these securities.

www.mhhe.com/saunders9e
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32 In hts trading portfolio, an Fl holds 5,000 shares of HSBC at a share price af
543.50, 4,000 shares of China Construction Bank at a price of $ 16,40, and 2,500
shares of Whirlpool ar $170,00. The FI als0 has sold 3,000 McDonald’s at $96 75
and 1,500 of China Construction Bank. Calculate the marker risk capital charge

on these securities,

33. Suppose an FI's portfolio VAR for the previous 60 days was $3 million and stressed

VAR for the previous 60 days was $8 million using the 1 percent worst case (or
99th percentile). Calculate the minimum capital charge for market risk for this £

Integrated Mini Case

CALCULATING DEAR ON AN FI'S TRADING PORTFOLIO

An FI wants to obtain the DEAR on irs trading portfolio. The portfolio consists of the following securities.

Fixed-fncome securities:

(1) The Fl has a §1 million position in a six-vear, zero
coupon bond with a face value of §1,54 3,302 The
bond is trading at a vield wo maturity of 7.50 percent
The historical mpan change In dally vields s 0.0 per
cent and the standard deviation is 22 hasis points.

(1) The FI also holds a 12-year, zero coupon bond
with a face value of $1,000,000, The bond s trad-
ing at a yleld to maturity of 6,75 percent. The price
volatility of the potential adverse move in yvields is
65 basls points.

Foreign exchange contracts:
The F! has a €2.0 million long trading position in
Spot euros at the close of business on a particular day.

The exchange rate Is €0,80/51, or § 1.25/€, at the
daily close. Looking back ar the dally percentage
changes in the exchange rate of the euro 1o dollars
for the past year, the FI finds that the volatllity or
standard deviation (o) of the spot exchange rate was
33.5 basls polnts (bp).

Equities:

The FI holds 2 $2.5 million trading position in stocks
that reflect the US. stock market index (eg. the S&P
500). The ff = 1. Over the last year, the standard devia:
ton af the stock market index was 175 basis points.

Correlations (p,) among assets are as follows:

&-Year, Zero Coupon 12-Year, Zero Coupon €/% U.S. Stock Index
B-year, zero coupon R 075 -C.2 040
12-year, zero coupon - - -0.3 045
€/% — - 025
US. stock index - - -
1. Calculate the DEAR of this trading portiolic.
2. 1t the correlation matrix changes as follaws, what wil] the FI's DEAR be?
6-Year, Zero Coupon 12-Year, Zero Coupon €/% U.S. Stock Index
6-year, zero ccupan — 0.85 -01 0.25
12-year, zero coupon - - -C.4 0.35
€73 - = — 040

WS stock index —

3. If the standard deviation of the stock market index increases to 325 basis paints, what will the FI's DEAR

be? Use the original correlation marrix.

4. If the Fr's FX position were changed to €4.0 million, what will the Fl's DEAR bet




