SOURCES OF MARKET RISK



DECOMPOSITION

Losses can occur because of a combination of two factors:

» The exposure to the factor (a choice variable)

» The movement in the factor itself (which is external to the portfolio)
Example: Fixed-coupon bond

The potential for loss can be decomposed into the effect of dollar
duration D'P and the changes in the yield dy

dy/dp=-(D'P) = dy=-(DP)xdy (11.1)

» Itis possible to decompose the return on stock i into a market
component and some residual risk

Ri=a+B xRy + g=6 xRy (11.2)

0. is a constant: does not contribute to risk
g; specific risk that can be diversified
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DECOMPOSITION

» R, Is the rate of return =» no dimension
To get a change in a dollar price, we write
dP,= RP,~ B xP; xRy (11.3)

» Similarly, the change in the value of a derivative f can be expressed in
terms of the change in the price of the underlying asset S,

df/dS=4 = df=AxdS  (11.4)

» Notation: A is the first partial derivative of the option
» df and dS are changes expressed in infinitesimal amounts

» The change in value is linked to an exposure coefficient and a change in
market variable:

Market loss = Exposure x Adverse movement in financial variable
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RISK

» First Moment: price movements =» S, = $100,S_,, = $96
=>» Returns:R. = In(S,,, /S,

» Second Moment:Volatility =» Remember: usually we look at
the volatility of the return process (not price)

» Cross Movements: Correlations =» Remember: usually we
look at the correlation of returns (not prices)
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CURRENCY RISK: PRICE MOVEMENTS

Currency risk arises in the following environments

» Pure currency float: the external value of a currency is free to move, to
depreciate or appreciate =» market forces: example dollar/euro FX

» Fixed currency system:a currency’s external value is fixed (or pegged) to
another currency: example is the Hong Kong dollar, which is fixed against the
U.S. dollar =» This does not mean there is no risk: possible readjustments in
the parity value =» devaluations or revaluations

» Change in currency regime:a currency that was previously fixed
becomes

flexible, or vice versa: example the Argentinian peso was fixed against the

dollar until 2001 and floated thereafter =» Changes in regime can also lower
currency risk, as in the recent case of the euro.
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CURRENCY RISK:VOLATILITY

TABLE 11.1  Currency Velatility against 1.5, Dallar {Percent)

End 2006
Currency e — End 1996
Country Code ¥ Monthly Annual Annual

Argenting ARS
Australia ALD
Canada cah
Switzerland CHF
Denmark DEE
Britain GEP
Hong Kong HED
Indonesia IR
Japan Y
ERW
X
MYR
; MNOK
Mew Zealand HZD
Philippines FHP
SEK
SGD
aila THE
Taiwan TWD
South Africa ZAR
Eura ELUR

BAHATTIN BUYUKSAHIN, CELSO BRUNETTI



CURRENCY RISK:VOLATILITY

FIGURE 11-1 Effect of Currency Devaluation
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CURRENCY RISK: CORRELATION

» Currency risk is also related to interest rate risk

Often, interest rates are raised in an effort to stem the depreciation of a currency
=> positive correlation between the currency and the bond market

» Generally, correlations are low: -0.10 to 0.20 =» Diversification
» Some correlations are high: currencies in the Euro area

» Triangular Arbitrage: example S, represents the dollar/pound rate and that S,
represents the dollar/euro (EUR) rate =» S;(EUR/BP) = S,($/BP)/S,($/EUR)

> In Logs: In[S,] = In[S,] - In[S,] (11.6)

]

! 3 “¥
ofs = i “ o .
Volatility: O3 =01+05—2p120102
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FIXED INCOME RISK

» Fixed-income risk arises from movements in the level and volatility of
bond yields =» yield curve risk

FIGURE 11-2 Movements in the U.S. Yield Curve
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FIXED INCOME RISK

» Yields move because economic fundamentals are moving: Inflationary
expectations

FIGURE 11-3 Inflation and Interest Rates
Rate (% pa)
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FIXED INCOME RISK

» The real interest rate is often defined as the nominal rate minus the rate of
inflaton=>» r =r -7 > (I +r,)=(l+r )/l +x)

This is generally positive but in recent years has been negative =» the Federal
Reserve has kept nominal rates very low to stimulate economic activity

» Movements in the term structure of interest rates are complex = it is difficult
to account for all the maturities =» market observers focus on a long-term rate
(vield on the |0-year note) and a short-term rate (yield on a three-month bill)
These two rates usefully summarize movements in the term structure

» The two rates move in tandem, although the short-term rate displays higher
volatility

Spread is defined as the difference between the long rate and the short rate

Periods of recession usually witness an increase in the term spread =» slow
economic activity decreases the demand for capital, which in turn decreases
short-term rates and increases the term spread
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FIXED INCOME RISK:VOLATILITY

» Bond returns volatility

o (‘—) — |D*| x o (dv)
P

» Yield volatility: ofdy)
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TABLE 11.2 1.5 Fixed-Income Remirn Voladlicy {Percent)

End 2004

Typel Yield End 1994
Maturicy Code Level Drail v Mty Annual Annual
Euro-30d RO20 5.325 0001 00 N | 0.05
Euro-90d ROS0 5.365 0.002 0.0 10 R UL
Euro-180d RE180 5.378 0005 030 .11 0.19
Euro-3&0d R3&0 5.33 0028 0.148 51 .58
Swap-2Y S02 5.158 LOEL 0420 1.45 1.57
Swap-3Y Si3 5.100 0127 L&ST 227 2.59
Swap-4Y S04 5.062 0.172 .80 208 1.59
Swap-5Y S5 5075 0.21% 1.120 288 4.70
Swap-7 1 e 5.116 2R3 1.450 506 &.69
Swap-107Y S10 5177 0.383 1.965 A5 9.82
Zero-2 Z02 4.811 OESR 0444 1.54 1.4
LZero-37Y Z03 4716 0.130 &6a3 2.30 264
LZero-47Y Z04 4. 698 0.173 0.871 2002 3.69
LZero-57Y Z05s 4. 588 L 1S 1.084 376 467
LZero-7Y Z07 4.692 0279 1.295 4.83 &.81
LZero-97%Y Z0% 4695 343 1.714 5.94 864
LZero-107% Z10 4698 0.375 1.874 G449 9.31
Zero-15% Z15 4. 772 0.5321 2647 Q.17 13282
LZero-2070 Z20 4.810 0.690 3441 11.92 17.48
Zero-2070 2300 4. 847 1.014 5.049 17.49 23153
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TABLE 11.3 7L5. Fixved-Income Yield Volartilicy, 200& (Percent)

End 200&
Types Yield
Matarity Code Levwel Craily Mt Amnnuaal
Euvro-20d B30 5.3258 T 0045 17
Eurc-50d BOS() S5.365 IR 0041 14
Eurc-130d E 180 5.378 0310 0.0&2 022
Eurc-2&0d Esai S5.3353E (i3 0157 .54
Swap-27Y S02 5.158 33 0151 .63
Swap-37Y S03 5.1040) 20 0115 .40
Swap—47Y S0 S062 23 .13 DL 2
Swap-5Y 505 S07 S 0.>2 0132 DR ¥
Swap-7 1 S07 5.116 020 0. 0% .33
Swap-107% S 100 5.177F T 0045 17
Lero-2Y Z2 4.811 0012 0. &<l 022X
Zeoro-3Y Z3 4.716 020 0.113 .39
Leoro-47 L0 4. 698 (20 0.110 .38
Zero-57Y ZOs 4 &35 024 0126 R =
Zero-7 X ZoT 4,692 .23 0126 R =
Leoro-97% 203 4.695 izg .130 s
Zero- 1077 Z10 4. 698 0i02a 0.13% UL &
Zeoero-157Y Z15 4. 772 0027 0.143 .49
Zero- 200 Z20 4.810 56 0183 .63
Zero- 307 Z30 4.847 36 0.154 DR E
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FIXED INCOME RISK: CORRELATION

TABLE 11.4 1.5 Fixed-Income Rerurn Correlations, 2006 {Diaily)

203 24 205 Z07 o Zov 1 Z15 0 2 230

£02

1060

Z03 0591  1.000
Z04 08580 0594 1.000

Z05 053 0985 059  1.000

Z07 0549 0571 059 09% 1000

Z09 0534 0350 0532 099 05%% 1000

Z10 0927 0954 0578 0887 0957 09998 1000

Z15 089 0931 090 0971 098 0992 099 1.000

£ 0874 0913 0544 0958 09576 0983 0985 0598 1.000

Z30 O848 0891 0525 0940 0980 0969 (998 1.000
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FIXED INCOME RISK: CORRELATION

» Yield correlations are very high = common factors

» Combining Two Variables into a Single Factor: One can summarize the correlation
between two variables in a scatter plot = A regression line can then be fitted that
represents the "best" summary of the linear relationship between the variables

» Principal components is a statistical technique that extracts linear
combinations of the original variables that explain the highest proportion of
diagonal components of the matrix (Stevens, 1986)

First principal component explains 94% of the total variance: level risk factor
Second principal component explains 4% of the total variance: slope risk factor
Third factor is found that represents a curvature risk factor

Previous research: movements in yields could be usefully summarized by two to
three factors that typically explain over 95% of the total variance
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FIXED INCOME RISK

» Yield is very much linked to inflation

Low (high) Yield =» low (high) expected inflation
» Most bonds are issued in nominal terms = nominal interest rate risk

» Recently many countries have issued inflation-protected bonds, which make
payments that are fixed in real terms but indexed to the rate of inflation
=>the source of risk is real interest rate risk

» Credit Spread Risk: A position in a credit spread can be established by
investing in credit-sensitive bonds, such as corporate and shorting Treasuries
with the appropriate duration = If spread widen =» very high risk =
credit spreads increase in a recession and decrease in an expansion
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EQUITY RISK

» Stock specific risk
» Market risk

» Stock market volatility: very high
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TABLE 11.6  Equiry Volatility (Percent)

Stock Market
p

Germany
France
Britain
Heong Eong
Japan
Korea
United S
South At
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End 2006

Monthly Annual

11.4
11.7
11.1

18

End 1996
Annual
124
13.8
11.1
186
1£.1




COMMODITY RISK

» Commodity risk: movements in the value of commodity contracts

Precious metals: gold, platinum, silver (volatility similar to equity markets)
Base metals: aluminum, copper, nickel, zinc (volatility similar to equity markets)

Energy products: natural gas, heating oil, unleaded gasoline, crude oil (very high
volatility)

» Futures risk

Contango:S < F

BAHATTIN BUYUKSAHIN, CELSO BRUNETTI



TABLE 11.8 Correlanons across Marturities, 2006 {Daily)

Copper CORCOHD CORCad CORCls CORCIT

COPCO0 1
COPRCOz GoE 1

COPRCLS 979 GBS 1
CORCET G213 B35 974

Mar.Gas GASCOT  GASCOR  GASCOs

GAS.CO1 1
GAS O3S 216 1

GAS OO B97 SEE 1
GASCLE A4 H24

1
CASCIE
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FIGURE 11-7 Futures and Spot for Crude Oil
Price ($/barrel)
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DIAGONAL MODEL: SHARPE

» Decompose the stock return into two components: market and stock specific

(11.10)
Assume & uncorre

-
Ry =Y wiki (11.12)
T |
N N
R, = T}jrf.-',-ﬁ,- Ry+ i) = BBy + T}j Wy ) (11.13)
i=1 il
. hr .
V[Ry] = B V[Rul + Y (w7 V]ei))

ful

N
> (wiVIeil) = N x [(1/N)*V] = (V/N) 2 V[R,]=pBV[Ry]

i=1
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DIAGONAL MODEL: SHARPE

Cov[R;, R;] = Cov[B; Ry + ;. B Ry + €] = iy (11.20
Cov[R;. Ril = Bjos, + ol

Bios +0, Piboyy - BiBnoy

, 2 , p 2 22 2 2
Pnbi0y  PNPaOy - PNOy T 0Ly

_]]—‘
- = [ B Blos +

v

E = 8oy + D (11.22)

from 5,050 parametet
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FIXED INCOME PORTFOLIO RISK

» Decompose the movements in portfolio yield into three components:

iTZts. g

z; is the Treasury factor; s, is credit rating factor, & is the bond specific factor

Define: DVBP as the dollar value of a basis point for a risk factor

AP; = —=DVBP; Ay; = —=DVBP;Az; — DVBP; Asy — DVBP; A¢; (11.16)

J K N
AP =— ) DVBPSAz; — D DVBP;Asy — > niDVBPiAg
Jj=1 k=1 i=1

N
VA P] = General risk + z n?DVBP? V[Ag;] (11.20)

=1
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FIXED INCOME PORTFOLIO RISK

FIGURE 11-8 Yield Decomposition
Yields

Treasuries
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