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Why are Inflation !
Expectations Important? BUNDESH A

Monetary policy has to be forward-looking because of time lags
of the transmission mechanism

As inflation expectations influence contracting-parties' behaviour
at labour, goods, and financial markets, inflation expectations
become important for future inflation.

Short-run inflation expectations: Information on potential first &
second round effects

Long-run inflation expectations: Information on monetary policy’s
credibility
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Monetary Policy and Zero-
- DEUTSCHE
Bound Constraint BUNDESBANK

The lower bound of nominal interest rates is typically close to
zero

Anchoring of inflation expectations at the Eurosystem’s definition
of price stability “inflation below but close to 2%"

Fisher identity
Real interest rate = nominal rate — expected inflation
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Inflation Expectations &
. . EUTSC
Communication BUNDES
Introductory Statement of the ECB president on 2 April 2009:

...The Governing Council will continue to ensure a firn anchoring of medium-
term inflation expectations. Such anchoring is indispensable to supporting
sustainable growth and employment and contributes to financial stability.

...Looking ahead, base effects stemming from past energy price effects will play
a significant role in the shorter-term dynamics of the HICP. Accordingly, we
expect to see headline annual inflation rates declining further in the coming
months and ternporarily reaching negative levels around mid-year. Thereafter,
annual inflation rates should increase again. Such short-term movements are,
however, not relevant from a monetary policy perspective. Looking further
ahead, over the policy-relevant horizon, annuat BICP inflation is expecled to
rermnain below 2% in 2010, reflecting mainly ongoing sluggish demand in the
euro area and elsewhere, Available indicators of inflation expectations over the
medium to longer term remain firmly anchored in line with the Governing
Council's aim of keeping inflation rates at levels below, but close to, 2% over the
medium term.
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Theoretical Considerations rscHE
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The role of inflation expectations in a Phillips-curve setting
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See also: Barro/ Gordon (1983) 7

Inflation Expectations pruTscue

Measures based on
1. Financial market indicators
* BEIR: break-even inflation rate based on inflation-indexed
bonds
+ Inflation swaps
2. Surveys
» Consensus Economic Expert Forecast

- SPF (Survey of Professional Forecasters)
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Break-Even Inflation Rate Bocurscne
BUNDESBANK

EUROSYSTEM

The yield gap between nominal bonds and inflation-indexed (i.e.
real) bonds (each maturing in j years) is termed break-even

inflation rate (BEIR)
BEIR! = 1“'.-1] x100

r

BEIR approximately quantifies average expected inflation over a
certain time period from now on
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Example - BbeuTsche
BUNDESBANK

EUADLYSTEM

Data as of 27 February 2009:
Yield (ytm) on inflation-indexed government bond Germany 1.5% 2016:  1.699%

¥tm on nominal government bond Germany 4.0% 2016: 2.867%
Average expected rate of inflation (yoy) between 2009 and 2016: 1.148%
lﬂlllu\lllllEHllfllH‘llHriI\‘\IIIHIII\IlllHtIIIH 1len'lli\lll\lll‘\\li‘il ‘Ili\\ill\ilH‘III“‘HIIJHII

Qﬁgﬁﬁullmlurrpn\‘nu‘n g |H||| u|||m||m‘lnl‘l Hlm |\II|1H|I‘I| I‘IIIHIIH}I (IR ‘nlwml" i




BEIR Curve

DEUTSCHE
BUNDESBANK

FuRasvYaTEM

Background: Growing market of inflation-indexed government bonds in the
euro area

BEIR curve: difference between the real zerc-coupon term structure and a
correspending nominal term structure.

Implied forward rates derived from the term structure can be used to
compute implied forward BEIR curve

Caveats: both curves include possible inflation risk and liquidity premia
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Bundesbank Monthly Report, Euro real terms structures and break-even #
inflation rates, pp. 36-37, August 2007

Forward BEIR

DEUTSCHE
BUNDESBANK

EURDEVSTEM

“Forward-BEIRs” can be calculated by using BEIRs of different
maturities
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1+
BEIR™ = [ > 2002 _1]x100

__100
r TR

100

1+

IThe “forward-BEIR" gives expected inflation over j years,
starting in period t+h
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Example: Forward BEIR 'IDF_UTSCHE
-gBunDEsBaNK

fumnesYsT

Data as of 27 February 2009:

Ytm on inflation-indexed government bond Germany 1.5% 2016 1.699%
Ytm on nominal government bond Germany 4.0% 2016: 2.867%
Ytm on inflation-indexed gov. bond France QAT 3.0% 2012: 1.605%
Ytm on nominal government bond France QAT 5.0% 2012: 2.071%
Average expected rate of inflation (yoy) between 2012 and 2016: 1.669%
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BEIRs: Pros & Cons IDEUTSCHE
BUNDESBANK

EYURDSYITEN

fAdvantages of BEIRs
iData availability up to ultra-high frequencies
IRevealing expectations “backed by money”

IShortcomings of BEIRs
IMaturities of nominal and real bonds do not necessarily
match each other exactly
1Shortage of real bonds...
1...hampers calculating forward-BEIRs
1...makes calculation of BEIR-curves demanding
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BEIRs: Pros & Cons Bpeursche

CUROSYSTEM

iProfessional calculation necessitates algorithms for
calculating zero-rates instead of ytm

iBEIRs are subject to various premia
1Liquidity premia
Hnflation risk premia

tReal bonds are linked to price indices which are potentially
subject to seasonalities

IIncreasing bias in BEIR as real bonds are approaching
maturity

1 Potential bias due to bond selection
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Inflation Swaps b

INon-standardised, OTC-contract between an “inflation-buyer”
and an “inflation-seller”

I“Inflation-buyer” periodically pays a fixed rate (“inflation swap
rate”} to the “inflation-selter”

V'Inflation-seller” periodically pays a variable rate to the
“inflation-buyer”, which corresponds to the inflation rate
iThe “inflation swap rate” is directly observable, providing a
straightforward measure of inflation expectations until the
swap matures
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5y Inflation Swap Rates DEUTSCHE
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Evolution of 5y inflation swap rates for the Euro-area
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Inflation Swaps: Pros & Cons DEUTSCHE
SUNDERRANK

1Advantages of inflation swaps

IFull year maturity of swap-contracts makes calculated
inflation expectations robust against seasonalities in
respective price indices

1Data availability up to ultra-high frequencies

iShortcomings of inflation swaps
1Potential biases due to...
1...costs for structuring the contract
i...lack of liquidity (liquidity premium)
.. credit risk premium
¢ ...inflation risk premium
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Premia in BEIRs IDEUTSCHE

BUNDESBANK

EuRGS¥STEM

Direction of changes in inflation expectations is important, but
inflation expectations also convey a level-dimension.

---- > Risk premia are not directly observable, however, time-varying
risk premia distort interpretation of financial market data-based
expectations

—> Potential solutions
1Taking differences

» between BEIR or swap rate and survey-based
expectations

- between actual BEIR and model-based (theoretic) BEIR
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Seasona"ty in BEIRs DEUTSCHE
BB UNDT SBANK

EUROLYSTEM

IGerman and French inflation-linked government bonds refer to
HICP {ex tobacco)

EHICP (ex tobacco) exhibits seasonal factors, causing. ..
I...systematic biases of BEIR
i...dependence of BEIR to bonds used for calculations

ITime-varying seasonal factors hamper calculation of BEIR
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Seasonality Factors

—— Segmonal factors in HC P (ex obacca)
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DEUTSCHE
BUNDESBANK

TURASYITEM

Distortions of BEIR

— distottion of BER
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Correcting for Seasonalities
in BEIRs

RDEUTSCHE
BBUNDESBANK

FURODIVSTEM

1Correcting for seasonalities has to take current seasonal factor
and seasonality at maturity into account!

IHence, specific features (date of maturity, time to maturity) of
the bonds used for calculating BEIRs become important

SF,,;

esa = Prma %
SF,_,.,
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.Yields on loang-term inflation-

e al}tﬁ . -
e+ Brve veas spot inflanca linkes bond e linked government bonds in the
s B Jon-link ek el H
T el kel st e , euro area decreased visibly in
March.

Real five and ten-year spot
yields declined by 45 and 30
basis points respectively to
levels of 1.3% and 1.8%.
QOverall, this seems to reveal
primarily a further deterioration
in investors’ perceptions of the
macreeconomic outlook.*

Sesrees. Renters and ECR calevianons
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ECB Monthly Bulletin, April 2009, p. 30, 31
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»In combination with the fact that nominal
long-term yields did not change much, this
led to a sharp increase in five and ten-year

ot

. ey ot e e spot break-even inflation rates, which rose by
e E:Eiﬁg‘;‘::i“a?; about 45 and 20 basis points respectively.
e . On 1 April, they stood at levels of 1.4% and

1.8% respectively. At the same time, five-
year forward rates five years ahead, a
measure of longer-term inflation expectations
and related risk premia, remained broadly
stable at 2.3%. The gap beitween the break-
even inflation rates derived from bonds and
those derived from swaps fluctuated

o | s significantly in the course of March, which
Mro My oy SE o Na o Jm M suggests that the inflation expectations and
Soumces. Rearecs xad ECB cabculanos related risk premia extracted from these
debt instruments should still be interpreted
with caution.”
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ECB Monthly Bulletin, April 2009, p. 31
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DEUTSCHE
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Why are Interest Rate !
Expectations Important?

Market’s interest rate expectations affect the lending and
borrowing rates facing firms and consumers and so play an
important role in the transmission mechanism of monetary
policy to the real economy

Infermation about the market's perception of current and future
economic developments, which policymakers might aiso want to
incorporate into their own view of the outlook.
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Reference Rates in the
DEUTSCHE
Euro Area BUNDESBANK

IEURIBOR ({euro interbank offered rate): Up o 64 major banks daily report
until 10:45 am their 1 to 12 month-interest rates to Bridge Telerate, which
publishes the average rate at 11:00 am in the information systems.

1EONIA (euro overnight index average): The same banks daily report their
overnight rates to the ECB until 18:45 pm, which calculates a volume-
weighted average rate and publishes it via Bridge Telerate between 18:45
and 19:00 pm. :

iEurepo index for secured cash market

1IEONIA swap index for money market derivates
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BUNDESBANK

FUROSYSTEM

EONIA Swaps !

In an EONIA swap, two parties agree to exchange the difference
between the interest accrued at an agreed fixed interest rate for a fixed
pericd on an agreed notional amount and interest accrued on the same
amount by compounding EONIA daily over the term of the swap.

The “fixed leg” of this agreement is referred to as the EONIA swap rate.
Hence the EONIA swap rates reflect the expected average EONIA rate
over the maturity of the swap contract.

Nature of the swap arrangement limits the credit risks since no principle
amounts are exchanged, the swap rates therefore price a more exact
indication of the term premium the market adds due to increasing
uncertainty for future interest rates.

Traded maturities: 1-3 weeks, 1-12 months, 15, 18, 21, and 24 months,
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Implied Forward Rates Ig

mHJ

|| g0 || 1200
s = 200\,
+rr'———j m,”—-m,
“ 1200

Where i, represents the implied forward rate at time t for the i-
month interest rate in j months. The rates r,,;, and r;, represents
the spot rates with maturity i and i-j at time t, respectively; m
refers to the maturity of the EONIA swap.

b
TN T

Durré et al. (2003) Estimating Risk Premia in Money Market Rates a0
ECB Working Paper No. 221, footnote 9, p. 11
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Expectations on EONIA-Rates

DEUTSCHE
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FURDIVSTEM
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Theories of the Term Structure

DEUTSCHE
BUNDESBANK

EUROEYITEM

Theory Assumes . . . Predicts . . .

Evaiuation . . .

Segmented markets  Maturities are not Yields on different
substitutable; maturities are determined
shorter maturities are in separate markets

Expiains shapes of the yieid
curve but not why short-
term and long-term rates

yields on one-period bonds
over the next n periods of
the yield curve

preferred to longer move together
maturities

Expectations Maturities are perfect Yield on an n-period bond  Explains why short-term
subsututes equals the average of and long-term rates move

together but nat the usuat
upward slope

Preferred habitat Maturities are Yield on an n-period bond

substitutable but not equals the average of

perfectly yields on ore-period bonds
Qver the next i periods

pius a term premium

Expiains both the shapes of
the yield curve and why
short-term and long-term
rates move together
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Expectations Theory - In General e

URDSYSTEM

For an investment of $1
i, = today's interest rate on a one-period bond

i ,= interest rate on a one-period bond expected for next period

=1

i,, = today's interest rate on the two-period bond

Expectations Theory - In General - BREUTSSHE

EURDSYSTEM

Expected return over the two periods from investing $1 in the
two-period bond and holding it for the two periods
(1+a(1 +4,,)-1
=1+ 2iy, + (i, )¢ -1
=24, +(4,,)°

Since (i,,)* is very small

the expected return for holding the two-period bond for two periods is
2i,,




Expectations Theory - In General DGR bEs R AN

FURDSYETEM

If two one-period bonds are bought with the $1 investment
(+i)(1+i’ -1
Vi, +df,, + i, (if )—1
L+ i+ L)
i, (i) is extremely small
Simplifying we get
i+ i,

35

Expectations Theory - In General e

EUROSYSTEM

Both bonds wiil be held only if the expected returns are equal

211! = ! + l!+l

. e
= ] + T

j21 2
The two-period rate must equal the average of the two one-period rates
For bonds with longer maturities

, e e
i _ 'r+'r+l+11+2+ +,r+(n 1}

nt

n
The n-period interest rate equals the average of the one-period

interest rates expected to occur over the n-period life of the bond
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DEUTSCHE

Using the Yield Curve to Predict
Interest Rates: PUNDESBANK

According to the Expectations Theory:

297 g gor
Tal - sl
T4 T g
- 5 4
5 54 54
4 14 .
1 ) 1 ] ; | ! i I I i i
1 2 3 4 1 2 3 4 1 2 3 L]
Maturity (years) Moaturity {yeers) Maturity (yesrs)

{a} {b) (c}

However: According to the Preferred Habitat Theory,
Ionger term rates mclude term premlal

\.Hllil
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Liquidity Premium Theory - BBBRDShAnk

EGROSYSTEM

“ . ' X 4

i = ilr + ru—l + lr+2 +ot tl+(n—l) + [
i ni
n

where /| is the liquidity premium for the n-period bond at time ¢

!, is always positive

!

Rises with the term to maturity

Liquidity premium (or preferred habitat) theory can explain the facts that:
+ Interest rates on bonds of different maturities move together over time

+ Yield curves usually slope upward
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Liquidity Premium Theory and
Expectations Theory BONDESBANK

FUROEWSTEM

interest Liquidity Premium (Prefermad Habilat} Theory
Aate, !, Yield Curve

Liquidity
Premium, ,,

Expectations Theory
Yield Curve
) 1 1 1 L !
L 5 10 15 20 25 30

Years 1o Maturity, n

e
|'||""[Tu|n'n"]

Interpreting the Yield Curve

~BDEUTSCHE
EUNDESBANK
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German Term Structure

‘BDEUTSCHE
BEUNDESBANK

EUROLYSTEM

ITerm structure of interest rates in the bond market shows the
relation between the interest rates and maturities of zero coupon
bonds without a default risk.

IReinvestment of payrﬁent fiows at the prevailing interest rate, not
at a constant yield-to-maturity!

1For the purpose of the estimation, an assumption is made about
the functional relation between interest rates and residual
maturities.

IEstimation approach: similar to Nelson/ Siegel/ Svensson
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Information on the German term structure of interest rates 1

Term Structure vs Yield Curve DEUTSCHE
BUNDESBANX

EURDSYSTEM

Term structure and yleld curve

in the ainetes In contrast to the implied assumption of
gy when calculating yields to maturity that

R all payment flows of a coupon bond
carry the same rate of retumn (namely
the yield to maturity),

45

I

T the estimation of the term structure of
- “ interest rates assumes a different rate
of return for each payment flow of a
coupon bond at the interest rate
correspeonding to the current market
R EEER conditions on the respective payment

Titfes 13 9B 1UHY I s

Seatbe Brsbebmk date.
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Estimation Approach DEUTSCHE
BUNDESBANK

FURDSYSTEM

Lomparisan of different

estimation approaches _ 1-exp -T/ty)
 domer o 2T P =fo+ P i
. Bewwd et
f AN . 1-exp(-T/1y) . T,
. By + {WBKD( 1:_1)

Yruarlogarebine
Gunebd cues

1~exp{-T/1z) T
+ B3 [—(Tl"lz) exp(— t—l)).

Exponencal i

o e stnechied Where z (T, B) denotes the interest rate
G itaai e for the maturity T as a function of the
T 10 fravr ity mrels parameter vector B
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35 55 “The development of the term structure of

s o forward rates in the euro area shows how the

D overall behaviour of eurc area long-term bond
yields can be decomposed into changes in

28 interest rate expectations {(and related risk

2 premia) at different horizons (see Chart 14). The
e slight decrease of long-term bond yields as

G compared with end-February is the result of a

ot downward revision of short-term interest rate

{ ¥ - v T ar . . .
R expectations over horizons of up to six months
Soures ECB BmoMTS (uadertricg 43 wad Fich Rotigs {down by 15 to 20 basis points), combined with

Erating:
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ECB Monthly Bulietin, April 2009, p. 31, 32
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Interpreting Forward Rates

“The shape of the forward rate curve directly shows the expected future
course of (spot) interest rates. This is interesting from a monetary policy
point of view, since it allows a better separation of expectations over the
short, medium and long term than the term structure does.”...

However, the objections raised against an overly strict interpretation of the
term structure in the sense of the expectations theory apply even more
forcefully to the forward rate curve; in the first place, the existence of risk
and forward premiums which vary over time should be mentioned, as they
can heavily affect the implied forward rates. Since corresponding
empirical studies have generally been unable to reject the existence of
such time-variable premiums, the forward rate curve should be interpreted
with particular caution.”
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Estimating the term structure of interest rates, Bundesbank Monthly Report, 45
Oct. 1997, p. 66

Time-Varying Risk Premia o

An estimation approach:

Regress the ex-post forecast errors onto macroeconomic and
financial market information (e.g. cyclical macro and financial
indicators because investor risk aversion may vary with the
business cycle) available ex ante.

See whether some part of the return is predictabie.

Adjust market forward rates ex ante to form risk—adjusted forward
rates.

Compare regression-based estimates with estimates based on
survey expectations of interest rates (e.g. derived from Consensus
Economics data) or from forward premia derived from an affine
term structure model.
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Measuring monetary policy expectatlons from financial market instruments,

ECB Working Paper No. 978, Dec 08, chapter 4 46
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I Inflation Expectations
I Interest Rate Expectations

1 Risk-Neutral Density Functions
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Instruments used to analyse market expectations: risk-neutral density functions, a7

Deutsche Bundesbank Monthly Report, Oct. 2001, p. 31-47

Options :!E&HB%%EENK

EUROSYSTEM

I Contracts that give the purchaser the right to buy or sell the
underlying financial instruments at a specified price (exercise
price/ strike price)}, within a specific period of time (term to
expiration)

1 The seller (writer) of the option is obligated to buy or sell the
financial instrument to the purchaser if the owner of the option
exercises the right to sell or buy.

1 The owner pays an amount for the right to buy or sell {premium)
1 Two types of contracts:

1 American option: can be exercised at any time up to expiration
date

i European option: can only be exercised on the expiration date
|
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Factors affecting the Option i
Premium

1. Higher strike price = lower premiumn on call options and higher
premium on put options

2. Greater term to expiration = higher premiums for both call and put
options

3. Greater price volatility of underlying instrument = higher premiums
for both call and put options

Remember: ,Heads, | win; tails, | don't lose too badly.”

I“m n ﬁﬁﬁ"’ﬁ'ﬂrl i

For more details see: Black-Scholes model 49

Black-Scholes-Model: I
Assumptions

The price of the underiying instrument S, follows a geometric Brownian
motion (Wt is a Wiener process with constant drift p and volatility o).

ds, = uS.dt +oS,dw,
It is possible to short sell the underlying stock.
There are no arbitrage opportunities.
Trading in the stock is continuous.
There are no transaction costs or taxes.
All securities are perfectly divisible.
It is possible to borrow and lend cash at a constant risk free interest rate.
The stock does not pay a dividend (extensions possible).
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Black-Scholes-Model: I
Equation *

In the medel, there is a unique price for any derivative of the stock. In
particular, a European call option, which gives the right to buy
one share at price K after T years, has the price C given by:

C =S d(d,)~Ke" ®(d,)
Where

In(S,/ K)+(r+ 02/ 2)T (S, /K)+(r~a? ()T
= ? = r =d —O"JF
oT o T '

S is the current price of the stock, ris the continuously compounded
risk-free interest rate, and ¢ is the constant stock's volatility and
@ is the standard normal cumulative distribution function .

d,

d,

T e
e oy A e g .
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Black-Scholes-Model:
The Greeks BONDESBANK

Deita: oC/ 6S

Gamma: 02C/ 582

Vega: 8C/ 6o

Theta: - 8C/ ot

Rho: &C/ or
oot Tl add bt o bassoba by don ndgudadu
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Implied Volatility -

u

In standard option price models, the option premiurm for European
options can be calculated asa function of contractually specified
variables {duration and strike price), data obtainable directly from the
market (interest rates and the spot price of the underlying asset) and
the expected variance of the underlying asset, which is not directly
observable.

Under a given set of parameters, the price of an option in currency

units corresponds to exactly one volatility value, which means that one
variable may be unambiguously derived from another.
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Implied Volatility cont’d Boeurscue
BUNDESBANK

Implied volatility is that particular volatility which - using the standard
calculation method as a basis— is compatible with the observed market
price of the option. It measures the expected price dispersion of the
underlying instrument during the optioh’s duration.

The distinct mutual convertibility of option premium and implied
volatility using the standard option pricing model led, in the special
case of OTC foreigh exchange options, to the convention of negotiating
implied volatilities directly instead of via option premiums. In OTC
trading, therefore, quotations are given directly in units of implied
volatility, or “vols”, which then imply a specific option premium.
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Interpreting Implied Volatilities orurscue

EMROSYSTEM

Measure of symmetrical percentage fiuctuation margins of the future
financial market price, e.g. exchange rate

In addition to the information specific to the forward rate, the implied
volatility is a measure of the average future dispersion.

However

No account is taken on a possible asymmetry, e.g. appreciation or
depreciation risk in case of the exchange rate as well as the probability
assessment of extreme exchange rate fiuctuations,
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“In November, exchange rate
uncertainty, measured by realised
Cha 1008 e volatilities, reached values close to
. ismplied voleslry of the USI'EUR exchange re the historical peaks of 1985. Implied
""" average o the USD/EUR implied volaulty volatilities also rose and posted
sige Janoary 999
awan upper 95% confidence wserval band record values for the euro era.

T lower 95% confidence unerval bond Looking ahead, implied volatilities for

* *  the one and three month horizons
» s ‘ % have risen significantly, and by more
L ‘ »  than longer-term volatilities. It

appears, therefore, that markets

expect that short-term swings in

foreign exchange rate levels may

. ‘ ‘ . continue (see Chart 1.21). As longer-
1599 2000 2001 2007 2063 2004 2005 2006 2007 2008 term expectations for volatility are

Source; Bloomberg. close to historical averages, however,
Rowe: The bonroomal lines display the mean value along with

Ghe 6595 conidmrs baud fir the EUR/USD implied volanly swings are expected to dampen

e e s e e oos w SigNificantly over a one-year horizon.”

27 November 2008
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ECB Financiai Stability Review, Dec. 08, p. 37
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“Near-term stock market uncertainty,

as measured by option-implied volatility,
decreased moderately on a global basis. At
the end of the period under review,
uncertainty was still high by historical
standards, but well below the peaks
reached in the autumn of 2008 (see Chart
19). Moreover, the expected volatility for the
two-year horizon of stocks included in the
Dow Jones EURO STOXX 50 index also
decreased only little, suggesting that market

Sousce, Bloomber
Qi'ﬁimmé‘?ﬁc"iiﬂ“;‘;i; e penie|  Paricipants’ uncertainty about stock market
up 13 shree months, 25 mpled e pricey of opuonts on srack

peace wdces, The sy indace: 30 21 the wnpled volanlmies developments remained rather high, also

refer ave mr]Ecm Jm{:)sF'RO STO‘C}g‘ 55 for dx rlwz:! arts, ég h d_ "
Suruard & Poor's 308 for the United States and e Nikke
b over the medium term.

Japan
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ECB Monthly Bulletin, April 2009, p. 34 57
Risk Reversal DEUTSCHE
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A combination of the parallel purchase of an out-of-the-money call
option and the sale of an out-of-the-money put option.

Both options expire on the same date and have strike prices which
are equidistant in percentage terms from the forward rate at the time
the agreement is concluded.

The market price of the risk reversal can be used to determine
whether market players’ assessments of the appreciation and
depreciation potential of the exchange rate are symmetrical,
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Interpreting “Risk Reversal” lwm
BUNDESBANK

EURDSVSTEM

L

If market participants consider it equally likely that the exchange rate
could move by a specific percentage in either direction, the risks
incurred at both positions cancel each other out, leaving the risk
reversal price at zero.

By contrast, if the players on the foreign exchange market estimate
the potential loss incurred by a put option as a result of the exchange
rate moving below the strike price as being higher than the potential
profit incurred by a call option as a result of the exchange rate
moving above the strike price, the risk reversal has a negative value.
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Strangle !DEUTSCHE
BUNDESE(IJ:NK

EURGSYST

A combination of an out-of-the-money call option and an out-of-the-
money put option, with both being held by the bearer.

As in the risk reversal, both optiohs expire on the same date and
have strike prices which are equidistant in percentage terms from the
forward rate at the time the agreement is concluded.

The quotation of the strangle may serve as an indicator of extreme
exchange rate fluctuations compared with the log-normal distribution.
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Implied Volatilities & Strangles IEB%?ECSEENK

TURDsvSTEM

Implied volatility in an at-the-money call or put option is a
standardised parameter which, in the context of log-normal
distributed price changes, adequately describes the average
deviation of the financial market price from its mean movement.

However, if one tries to describe the total relative dispersion of the
price changes in financial market data by this variable only, the
implied volatility of an at-the-money call option, for instance, is
inadequate because in reality extreme volatilities of financial market
prices can be observed more frequently than might be suggested by
the log-normal distribution underlying the implied volatility measure,

rn
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Volatility Smile EDEUTSCHE
EUNDESBANK
Implied volatility increases the more remote the strike price, as
established in the option, is from the forward rate. In other words, it is
observed that the implied volatility of options that are either in-the-
money or out-of-the-money is generally higher than the implied
volatility of at-the-money options.

The inference is that market participants expect a fluctuation margin
of the financial market price above that which is compatible with the
implied volatility of an at-the-money call option.
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Interpreting “Strangle” !DEUTSCHE
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Because the options considered in the context of the strangle are
out-of-the money at the time of purchase (i. €. in the case of call
options, the forward rate is below the strike price), the presupposition
is that exchange rates will have changed markedly by the exercise
date.

The willingness to pay for the strangle therefore increases with the
risk perceived by market players of an exceptional exchange rate
development up to maturity, with the result that the uncertainty
assessment based on the observed implied volatility may be
appropriately supplemented by the information which ¢an be derived
from the price quotations for this instrument.
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Implied Risk Neutral Density ! fuTse

s

Computational methods allow the calculation of an implied risk-
neutral density {(RND) of the expected changes in the value of the

underlying asset, which reflects
» Implied volatility in the width
» The price of risk reversal in the skewness

« The quotation of the strangle in the fatness of the tails

HE
SBANK
rEw

64

32



Computation from Option Data o

Parametric model: Mixiure of log-normal
Theoretical price of a call option:

C(S. K. Ty=¢"" [(S-K) f(S)dS
X
S Price of the underlying asset

K Exercise price

T Tirme to maturity

f(S) Risk neutral density function

r Risk-free interest rate

Specification as a mixture of log-normal densities:
f{S} =w LogN(a,, b,,S) + (1-w) LogN(a,,b,S)

w Weights of log-normal (0 < w < 1)

a, b;: Location and distribution parameter of log-normal density

bl hll‘i}lulﬁlﬁlwl_rlliwltl=l il ondpoli byl ol gLl vl
T ﬁ‘f“{l’ﬁ’xﬁ[{'TﬁT:fi |‘|'\ i usit r'm'l:ﬁﬁ\ﬁl ITI'\ 1|.H1"|’rw\ (l"ﬁ’\“f’f‘rﬁ'ﬁifr'"rmﬁ“’n‘u | }‘ffi’\

L (T’ﬁ”ﬁ [t i r"“ﬁ”rl | a4

Jondeau, E. et al. (2007) Financial Modeling Under Non-Gaussian Distribution, 65
Springer, chapter 11.3
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Risk-neutral density functions

Dersity
value
£
35 Expected spot rate {corresponding to forward rate} H
identical for A, B,C and D N ; %
Bt
» i
P
smm A Log-normal distribution } §
5 - B: Strangle influence i
e 2 Risk reversal influence
- D Strangle and risk reversal
2 influence
15
12
H
0. L
N

L78 050 0.82 0.64 286 0.8 590 0.92 .94 0.9 038 1.00
30-day Us doilaiteuro exchange rate

Deutsche Bundeshank
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Risk Neutral Densities

0
Expected Value C: Skewness
% \b
2 D: Kurtosis and Skewnass
F-1
B: Kutosis

density value
8
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Limitations DEUTSCHE
BUNDESBANK

FERO§VETEM

Relative unavailability of options with various strike prices and the

consequent need to resort to an interpolation procedure.

Prices for “wing options” are not available or contain high liquidity

premiums.
Problems caused by “technical” market tensions.

Risk premiums
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Exchange Rate Expectations o

Terronst attack on USA )
on 11 Septamber 2061 - w - Influence on market players

exchange rate expectations of
the impact of the terrorist attacks
in New York and Washington on
11 September 2001.

P 850 050 108 vl
30-clay US dpllar {duro excharigeaité: '
Dautsche Burdeshank
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Interest Rate Expectations Hoeurscie
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Dansity value for 19,12.05 derived from data an options on Euribor-Futures
i1 Distribution of expectations are T T
calculated from estimated RNDs (from ¢ ; L
options on Euribor-Futures} for 3-months
Euribor on 18.12.2005 (spot) §

17.11.2005: one day before ECB

president announces an interest rate
increase in a speech: 3M-Euribor (spot):
2.35%
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Interest Rate Expectations cont‘d

DEUTSCHE
BUNDESBANK
fURDSYAITEM
Probability that 3-month-Euribor on 19.12.05 lies in tha interval ..
50 . r r T . T
Wl 1711 2005 ‘
il 21 11.2005
a5 i
Probability in %
Z 21 22 22 24 25 26 27 28 28 Hﬂ '&lx‘u
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Interest interval 71
Stock Price Expectations DEUTSCHE
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