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NON-TECHNICAL SUMMARY

Tight German monetary policy after reunification resulted in hugh mterest rates
and an appreciation of the ERM currencies aganst the US dollar. This had
adverse effects on several ERM countries, which sventually undermined the
credibility of the prevailing exchange rate parities. The UK pound was
vulnerable because slow growth and low nflation in the United Kingdom
created strong demands for a more expansive monetary policy. At the same
time, a large number of the Conservative government's own supporters
questioned the entire monetary policy framework, m particular the Maastncht
Treaty.

The period between late August and mid-September 1992 was marked by a
series of small crises for the pound: UK interest rates increased and the pound
depreciated towards the lower ERM band limit. The UK monetary authorities
eventually proved unwilling to accept very high interest rates m order to defend
the exchange rate, and the pound was suspended from the ERM on 16
September 1992, ‘Black Wednesday'.

Monetary policy soon shifted towards lower mterest rates and a new monetary
policy framework was put in place of the fixed exchange rate: short UK interest
rates were lowered in a number of steps, a fairly ambitious inflation target was
announced, and the Bank of England was granted more independence.

This paper uses data on futures and options on interest rates and exchange
rates to give a detailed picture of how market expectations changed with these
dramatic evenis.

An option gives the holder the nght to buy an asset {for instance, a three-
month bill) for a prespecified strike price at the expiry date of the option (for
nstance, two months ahead). The pay-off of the option s zero if the asset
price at the expiry date s lower than the strike price, and positive otherwise.
An option on a bond/bill 1s therefore a bet on the interest rate being lower than
implied by the strike pnce. Similarly, an opticn on an exchange rate 1s a bet on
a higher future exchange rate than implied by the strike price. The prices of
these bets tell us something about the probability the market attaches to low
interest rates/fugh exchange rates. By combining several options with different
strike prices, we can trace out the market's probability distribution of the future
raies.



This paper estimates time senes of such distributions from daily option pnces
on the pound/Deutsche mark exchange rate, the ten-year sterling yield to
maturity, the three-month stering interest rate, and three-month Deutsche
mark nterest rates. The estimation is done for a sample of daily price quotes
for the penod between late-June to late-November 1992.

The estimated nsk neutral distributions are mmuxtures of two normal
distributions, where the parameters of the distributions are chosen to mirimize
the squared difference between actual and fitted option prices. This approach
i1s flexible enough to capture the huge swings in market expactations over the
summer and autumn of 1992, but still theoretical enough to rule out
unreasonable results (like negative probabilities) and to provide a basis for a
digcussion about nsk premia.

The estimates provide answers to questions like the followng. In early
September 1992, did the market assign a higher probability even to higher
short interest rates than o lower interest rates, and what probability did the
market assign to a realignment? How uncertain was the market about the long
interest rate after Black Wednesday, and by how much was this uncertamnty
decreased by the announcement of the inflation target in early October 1992
and by the govemment’s budget proposal in mid-November?

Several interesting results emerge. First, the path to Black Wednesday was
marked by a series of smalil cnses in late-August and early-September 1892,
During each of these, the distributions of future UK interest rates and
Deutsche mark/pound exchange rates widened because the market started to
believe i the possibility of very high future interest rates and a moderate
realignment. One possible interpretation is that the market believed in a small
realignment; too small to ease the pressure on the pound. The aciual outcome
was, of course, a large devaluation and much lower interest rates. Second, the
announcement of the UK inflation target on 8 October brought down long UK
interest rates as well as uncertanty about future long interest rates. Third, the
Autumn Statement by the UK Chancellor on 12 November put an end to the
uncertainty about future monetary policy: the distribution of future UK mterest
rates narrowed dramaticaily immediately after the speech.



1 Introduction

The tight German monetary policy after the re-unificaion resulted 1n lugh interest rates
and appreciation of the ERM currencies against the US dollar. The adverse effects on
several of the ERM countnes eventually undermined the credibility of the prevailing ex-
change rate parities. The British pound was vulnerable since the slow growth and low
nflation m the UK created strong demands for lower interest rates, at the same time as
a large number the government’s own supporters questioned the entire monetary policy
framework.

The UK monetary authorities eventually proved uawilling to accept very high interest
rates i order to defend the exchange rate, and the pound was suspended from the ERM
on 16 September 1992. Monetary policy soon shifted to significantly lower short interest
rates. Somewhat later, a farrly ambitious mflation target was aunounced, and the Bank
of England was granted a more independent status. The purpose of this paper 15 to mive
a detailed picture of the market expectations about these events.

Refined techmques for extracting market expectations from financial prices have re-
cently been applied to this episode. For mstance, Malz (1996) and Mizrach (1596) es-
timate “nsk neuiral” distributions of the pound exchange rate for the period up fo the
end of September 1992, and Campa and Chang {1996) calculates a mummien realignment
mtensity for the exchange rate using arbitrage arguments only.

This paper differs on several accounts. Firsi, it studies a broader range of asset prices:
the three month sterling and mark mterest rates, a ten year sterling yield to maturity, and
also the pounds/mark exchange rate. Second, it pays attention to both the ERM crisis
i August and September 1992 and the announcement of the new UK monetary policy
framework 1n October and November 1992, Third, it applies and extends the methods m
Suderlind and Svensson (1997), which are fexible enough to capture the huge swings
market expectations over the summer and autumn of 1992, but still theoretical encugh to
rule out negative probabilities and to allow a meaningful discussion of risk prema. The
results are presented n the form of a fime series of 50% confidence intervals for each of

the four assets.
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2 Estimation of Risk Neutral Distributions from Option and Fu-

tures Prices

2.1 Option Pricing under Mixtures of Normal Distributions

A FEiropean call option gives the holder the right, but net the obligauion, to buy an asset
for the strike price, X, at the expiry date, 7. The price of the asset 15 then Q{7), 5o the
option’s pavoff is the masimum of zero and @ {7} - X. Ina frictionless market, the law
of one price {assets with the same payoff structure have the same price) implies that the

call option price, C, at the trade date £ 18
Clt.mX)=E {D(tr)max[0.Q () - X}}. {2.1)

where D(t,7) 15 a nommal discount factor.! As an example, Figure 2. /.o shows a farly
typecal relationsthup between the call price and the log strike price, 1 tlus case for trade
on 16 September of options on the Decernber 1992 short sterling interest rate (more about
data later on). Call options with lugh strike prices are cheap since there 15 only a small
chance that they will turn out to be profitable.

Saderlind 2nd Svensson (1997} assume that the distribution of the fogs of D(¢, 7} and
({7}, conditional on the information m £, 15 a muxture of n bivanate nermal distributions.”
Lot &{z; ¢, ) denote a normal muitivarate density function over z with mean vector

¢ and covaniance matrx 2 The weight of the 7 normal distribution is o/, so the

probability density function, pdf, of In D (¢, 7) and m@(r) s

mD{t 7 1\ < .| D7) ], d aly o ]
([ g ) =2 (el e 1 % D)

Pooof =1 and o/ 2 0. Figure 2,06 gives a umvariate exampie; it ithustrates how

with
mrang two normai distributions (thin solid and dashexd curves} produces a distribution
{thick solid curve) with pronounced skewness. In fact, two normal distributions are enough

to produce a wide range of different shapes (skewed, bi-modal, feptokurtic, and so forth).

' See, for mstance, Duffie {1992},

* Ritchey (1090), Malick and Thomas {1997), and Bahra (1996) assume that the risk-neucral diseribu-
tion 15 a mixture of unsvanate log-normals. This s mplied by the assumption of bivariate log-normals m
Soderlind and Svensson {1957}, Mixtures of normals have recently been increasingly used in ecopometne
studies (see, for instance, Bamilton (1980)).
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Figure 2.1: Data and results for short sterling mterest rate option on 16 September 1992,

One mterpretation of mixing normal distributicns s that they represeni different macro

economic “states,” where the weight, o, 1s interpreted as the probability of state ;.

Let i{#, 7} be the spot 1nterest rate on a bill with maturity date 7, and & {.) be the

. o — L
= — —i{ T r—i) 5P X
C{X) = € E a’ [exp (q" o

7=t

o222z
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standardized normal distribution function. ¥ & = d and Thy = gag m (2.2), then the
European call option price (2.1) has a closed form solution 1o terms of the spot nterest

rate, strike price, and the paramsters of the bivariate distribution

)q’ ((F +al, + ol — lnX)

Vo

{2.3)

A forward contract written in ¢ stipulates that, 1n pened 7, the holder of the contract
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sets one asset (then worth ({7}) and pays F(t,7). Tlus can be thought of as an option
with & zero strike price and no discounting. The forward price then [ollows directly from

{2.3) as

]

5 R
Fli.r) =3 olexp (r}J + T, __q'_t)

p= i
In the case with only ore normal distribution {n = 1), (2.3} and (2.4} can be combmed

to mive the Black-Scholes formula.

2.2 Estimation of the Distributions

We are prumarily mterested 1n estimating the parameters i the true marginal distribution
of the future asset price, () {+). The basic idea 15 fo use data on opticn and futures prices
{as a close approximation to the forward prices) to “back out™ the parameters of the
distribution from the asset pnicing relations {2.3) and (2.4).

From (2.2} the true {marginal) distribution of the future log asset price 15 a mixture

of umvariate normal distributions

n

pdiflnQ(r) = a’6 (nQ (7). ) (2.5)

=
Suppese we knew these parameters - would that be enough to determine the correct
forward and options prices? No, both the forward contract and the option have unicertan
puyolfs and may therefore be affected by risk premua. In {2.3} and (2.4) the nisk premia
show up in the form of the covaniance of the future asset poice with the stochastic discount
factor, og,.

Conversely, data on forward and option prices can oniy help us to back out the para-
meters of the “risk neutral” distribution. The weights, ¢/, and the variances, ¢, are the
same as in the true distribution (2.3}, but the means are § + of, mstead of & Ths s
evident from (2.3) and (2.4), where ¢/ and ajq alwavs show up as a sum, so there 15 no
way to separate them.?

The risk neutral distribution will, of course, comcide with the true distribution if the

covaniance terros are zero. However, m general, both the mean and the variance of the

4 Gee Cox and Ross (1976) for risk newtral valuation of contingent claams.



sk neutral distribution are different from those of the true distribution.’

In estimating the distributions of the three month steriing interest rate, ten year
sterling yield to maturity, and the marks/pound exchange rate (more about data later
on) I use a muxture of fwo lognorrnals. For each trade day, the parameters are estimated
by mimmizing the sum of squared price errors of options and futures. The probabilities
of the two states (o' and | — o) are restricted to be the same for all three variables. In
practice, this does not make much difference for the interest rate distributions, but £ 15
necessary for estunating the exchange rate distribution since we have only three exchange
rate options. The distribution of the three month mark mterest rate 15 also a muxture of
two fognormals, but 1s estimated separately smce there 1s no strong reason to believe that
Germany had the same “macro economic states” as the UK.

As an example, return to Figure 2.1, which shows some estimation results for 16
September (a perticulariy challenging day). Figure 2.i.a shows that the model fits the
prices of the 17 available options of the December three month sterling interest rate fairly
well, even if the prices of options with very high strike prices are overestimated. This is
perhaps more easily seen 1n Figure 2.1.c, which shows the “implied voiatilities,” which
are obtained by backing out the only unknown parameter m the Black-Scholes formula
from in each option separately. If the assumption of only one normal distribution was
correct, then the implied voiatilities should be on a honzontal line. For this trade day
they are clearly not, but the estimated model seems to capture most of the features of
data (fitted values are marked by the solid curve). The estimated probability density
function m Figure 2.1.b {thick solid curve) is indeed much more skewed than a normal

distribution.

3 Data

"Tlis section describes the data and discusses how 1t relates to the assumpticns 1n Section
2. More details are found 1 Appendix A. The main datz are daily option quotes for four

different type of contracts: three month sterling mterest rate futures, three month mark

4 The vanance 15 unaffected by the risk adjustment 1n the special case where al, = ay and # = g for
all ;. This 15, of course, always the case when n = 1.
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Figure 3.1: Trade statistics for the short sterling interest rate option.

wnterest rate futures, long UK government bond futures, and the marks/pound exchange
rate. The sample covers each trade day between 23 June 1992 and 20 November 1892,
The interess rate and bond options are from London International Futures and Options
Exchange {LIFFE) and are paid at exercise, not at purchase. The daily settlement prices,
fixed by an adrumstrative decigion at the close of business, are used for the “marking to
market.” Tius ensures that mvestors each day receive thew gams {snd pay their losses)
due to price changes. These institutional features (“futures style margiung” ) have three
important congecquences. First, the interest rate texm m {2.3) drops out. Second, there
15 essentially no opportunity cost of holding the option, o the LIFFE eptions, winch are

Amercan {can be exercised before or on expiry date), are actually priced as European



options (can only be exercised on expiry date).’ This s of great help since # 15 hard to
arrive at closed form expressions for prices of American options. Third, the settlement
prices of options with open positions affect the daily cash flow of at least two investors
{issuer and holder). This should provide mcentives to the members of the exchange {some
of which iold positions, others act as brokers} to “battle out” settlement prices close to
the equilibrium prices.

The three month sterling interest rate, called short sterfing below, futures option
expired on 16 December 1992, and delivery into the futures contract was on the following
day. Figure 2.1.a illustrates the trade mtensity by showing the number of different strike
prices with open positions and trade on each day. It also shows the number of contracts (a
5300.000 pounds) traded. According to all three series, the trade intensity was fawrly high
after mid Auvgust, with marked peaks 1n mid September and mid October. The average
number of options with open positions and trade were 17 and 7, respectively, and the
average number of traded contracts was 4365,

Figure 3.1.6 shows which shor{ sterling options that had open positions on each day;
Figure 3.4.c does the same for trade. The strike prices (vertical axis) have been trans-
formed into mterest rates m order to facilitate the companson with the estimation resufts
presented fater. The thick solid curve 15 the forward mterest rate. Uniil fate August,
most trade was 1n options with strike (interest) rates at or below the forward rate, so the
data contains relatively little mformation about the shape of the distribution above the
forward rate. However, there were sizeable open positions (several thousand contracts)
for strike rates above the forward rate, and the prices on those options should contain
useful mforreation (see the previous discussion). In most of the paper, I will therefore
use all options with open positions. As a robustness check, T will study if the estimation
results are markedly different when the non-traded options are excluded. (The answer
turns out to be no.} After mid September there were generally open positions and trade
for & wide range around the forward rate.

The three month mark interest rate, called Euromark below, futures option expired

on {4 December 1992, with delivery into the futures contract the following day. The trade

* See Chen aad Scotr (1993) for a theoretical argument.



mtensity was sunilar to that of the short sterling aption with an average number of 13
and 6 options with open positions and frade, respectively, and an average of 3669 traded
coutracts (& 1,000,000 marks).

The LIFFE interest rate options are not options on a bill/bond, but on lutures o a
bili/bond. Tlus distinction does not matfer if three conditions are satisfied: {i) the option
15 Furopean; (ii) the opton and the [utures have the same maturity; and fiii} only one
umcue bond/bill can be delivered mto the futures contract. The options on the short
sterling and Euromark satisfy all three conditions, but the option on the long gt (UK
government bond} futures does not. This option expired on 23 November 1992, but the
seller of the underlying futures could deliver any of a number of different bonds at any
time during December 1992.

In practice, only two different bonds were actually delivered (in significant amounts)
into LIFFE's long gilt futures at any time between September 1031 and March 1993,
Moreover, most futures pesstions were typically closed within two weeks of the expiry
date of the option. We may therefore assume that either of these two specific bonds
would be delivered, and thai both the option and futures expired on 1 December 1992,
Tiis allows me to present the results in terms of the vield to matunty, wiuch may be more
mformative than the bond price. Tt turns out that the results are very somilar for the swo
bonds, so we may as well look at only one of them: the 13.5% coupon bond maturing 1
2004.

The evolution of the trade intensity of the fong bond option was sunilar to that of
the short sterling option, even if the long bond option was, on average, less traded. The
average number of strike prices with open positions and trade were 11 and 3, respectively,
and the average number of traded contracts (a 50,000 pounds) was 2430

The marks/pound ezchange raie options are over-the-counter European options on the
exchange rate cne month from the trade date. The quotes, recorded by Citibank ot noon
London time, are for three different combinations of call and put options (at-the-money
forward, 25-deita “nsk reversais” and “strangles”). They allow us to calculate mplied
cail option prices at three different strike prices: belew, at, and above the current forward

rate, respectively, with the exact focation depending on the uncertamty of the market.



These data are described in detail by Malz (1896), who notes that liauidity was generally
good, with the notable exceptions of 15 and 16 September.

In addition to the option and [utures data described above, 1 also use mterest and
exchange rate data from Bank of International Settiements {one, three, and six month

sterling eurodeposits, one month mark eurodeposits, and the marks/pound exchange rate).

4 Results

4,1 Inside the ERM

Figures §.1 a-d illustrates the estimation results for each of the four assets by showing the
risk neutral expected values {forward rates) and the 90% confidence bands. In general,
we would expect the confidence mterval to decrease if the trade date gets closer to the
expiry date of the option, as it does for the interest rate and bond options, but not for
the exchange rate option.®

The period from early July to mid August was characterized by a siowly depreciating
expected exchange rate and increasing expected steriing interest rates. The figures show
that uncertainty - the width of the confidence intervals - increased steadily over this
period. The 80% confidence band for the exchange rate crossed the fower ERM band
limat {2.778 marks/pound) for the first time on 14 July.

In late August, the US dollar depreciated rapidly and a senes of concerted central
bank interventions failed to strengthen the dollar.” This seems to have increased tensions
within the ERM (the effect on the ERM currencies was asymunetnc). A few days later,
French opion polis showed, for the first time, a small majority for “no” mm EMU in
referendum {to be held on 20 September). Over a couple of days, the expected short

sterling and long gilt increased by 0.5%, the expected pound exchange rate depreciated

% In the Biack-Scholes model, the vanance is decrensing linearly to zero.

7 The following 1s a lists of commonly cited events. July 16: Italian and German discount rates rased.
July 30: rumours about French polls i favour of “no.” August 11, 21, and 24: {all of dollar :n spite of
concerted inventions, September 31 UK government announces Ecu 10 billion borrowing programme to
support the pound. September 5: meeting of EU finance munisters and ceniral bankers, September 3:
FIM abandons Ecu peg. September 13: ITL devalued. September 34 reduction in German discount rate.
September 16: the pound s suspended from ERM. September 20: small majority 1z favour of EMU in
French referendum. October 8 UK chancellor anncunces wnflation target. QOctober 16: Bank of England
cats the lending rate. October 30: Mension House speech by UK chancelior. November 12: Autumn
Statement 1 Parliamen: by UK chancelor. Announcement of lending rate cut the next day. See, for
instance, Bank of England (1992} and Stephens (1096} dicessions of these events.
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Figure 4.1: Risk neutral expected values and 96% confidence intervals.

1%, and the uncertamty grew significantly. In contrast, the distribution of the Euromark
was almost unaffected.

The widening of the confidence bands was mestly dae to the emergence of eiongated
upper £ails of the interest rate distributions and an elongated lower tail of the exchange
rate distribution. The market clearly believed that UK monetary policy was in big trouble.
For instance, the risk neutral probability of an exchange rate below the band linur (2.778)
was only 16% on 20 August but increased to 38% on 26 August.® Similarly, the nisk neutral
probability of a siort stesling above 10.7% ncreased from 26% on August 20 to 6% on

26 August.

3 This 15 sunilar to the findings by Malz {1996), who estumates realignment probabilities of up to 40%
m late August, Mizrach {1996) estimates the risk neutral probability that the pound should depreciate
more than 3% agamst the US dollar (using & different method). He finds that this probability increases
from early September, but reaches a significant level only on 15 September.
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This pattern of market expectations of a cheaper pound and higher sterling interest
rates was to repeat itself on several occasions before the pound finally feft the ERM on
16 September. Afterwards, we know that the direct result of leaving the ERM was a
cheaper pound, and lomer mnterest rates, so the market got 1t only half nght. So what
ind of scenanio did the market consider? Probably a small realignment - too small to
ease the pressurz on the pound, so the mterest rate differentia towards the mark would
have to remain ngh. The markes did certamly not expect the pound to fall as i did - to
2.642 on 17 September {and then even further). On August 26 this event had only 2 1%
probability.

The crisis in late August appears to have been brought to an end by the announcement
of the Fou borrowing programme to support the pound (on 3 September). The expected
sterling interest rate and exchange rate, as well as the uncertamty, then returned to ther
mid August values.

The respite was short, and a second crises developed a couple of days later, possibly
prompted by the further easeming of US monetary policy, and worsened by the failed
meeting of the European finance mumsters and central bankers over the weekend 5 and 6
September. The expected exchange rate depreciated rapidly the following Monday, and
the probability of an exchange rate below the band limit mcreased from 20% to 30%. The
European exchange rate market was now very turbulent, and on 8 September the Finmsh
markla had abanden the unilateral Fou peg. On the same day, the expected short sterling
rose to the same levels as m late August, and the uncertainty about both the exchange
rate and the short sterling increased. One difference to the cnisis in fate August, however,
was that the expected long gilt remaned unchanged tlus tune.

This second cnsis was temporarily checked around the next weekend (12-13 Septem-
ner): the Italian lira was realigned on 13 September, and the German discount and
Lombard rates cut the next day. This generated the first significant change o the ex-
pected Euromark since the start of the sample - it decressed by 0.6% to 8.8%, but the
uncertasnty remaned small. This change was within the 90% confidence interval, but a
sarger change would not have been. For instance, & December Euromark of 8.3% (the

expected value on 16 September) had only a 5% probability on 11 September. This gives
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some perspective on the comrmon claim that “the reductions of 50 basis pomts 1n the
German discount rate ...were smaller than had been foped for” (Bank of England (1952),
page 392, emphasis added). Maybe, but not smaller than ezpecied

In any case, the expected short sterling returned to its mid August value, arnd the
expected exchange rate appreciated somewhat. This is similar to what happened after
the Ecu borrowing programme {3 September}. However, there 1s one inportant difference;

the uncertasty did not fall back this time.

4.2 Out of the ERM

On 16 Septernber, the “Black Wednesday,” the ERM was in a state of chaos: severat
currencies were forced below the band limits and central banks intervened heavily. At
the ciose of busmess (London), the expected Evromark had fallen by 0.5% to 8.3%. The
shape of the Euromark distribution had also changed significantiy - for the first time since
the start of the sample. }t was now much wider than before and had an elongated fower
tail; the market did not rule out Purther cuts 1n the mark interest rate. The expected
short sterling, 1n contrast, had increased to roughly the same levels as 1 {ate August,
and the uncertanty was extrersely farge. The uncertamty about the long gilt had also
mereased somewhat, but the expected value was actually somewhat lower than the day
before.

Trade in all three interest rate options was brisk on 16 September. In contrast, there
was little trade m the over-the-counter exchange rate option {see Malz {1896)), so we
should probably treat the results for it with some caution. In any case, the expected
exchange rate was {by noon London time} essentially the same as the day before, but the
width of the confidence band aimost twice as large - mostly because of an eiongated lower
tail.

The pound was suspended from the ERM after 7.30 pm (GMT). The next day, the
expected exchange rate depreciated more than 5% against the mark, but the exchange
rate distribution still had an elongated lower tail; the market was very uncertain about
where the Hoating pound would go, and did not rule out further depreciation. On the

same day, the expected short sterling fell more than 2%. The elongated upper tail of its
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distribution was cut off, but the uncertainty remained large.

We liave already noted that these dramatic changes were big surpnises for the market,
at ieast compared to what it befieved 1 [ate August. The same s true for the market
peliefs just before Black Wednesday. On 14 September, the probability of an exchange
rate below 2.64 (the expected value as of 17 September) was only 1%. Similarly, the
probability of a short sterling below 8.6% (the expected value as of 17 September) was
just 10%.

The distribution of the Buromark and the long gilt did not change much on 17 Sep-
tember. The iatter mught appear surprising, but it seems as if the 13.5% coupon bond
maturing in 2004 {with a duration of approxumately six years) was located at a pomnt
where the effects of lower expected short interest rafes and higher expected very long
rates cancelled each other. This 1s iHustrated 11 Figure 4.2, which shows estunated UK
yield curves on 14 and 18 September.?

To illustrate how these dramatic changes map into changes m option prices, Figure
4.3.a shows the option prices agamst the strike (interest) rates on 14, 16, and 18 Sep-
tember 1992, and Figure {.3.b shows the nsk neutral distributions for the same days.
The estimated distribution shifted to lugher interest rates between 14 and 16 September,

which meant a lower probability of a positive option payolf {actual mterest rate below the

Y Estimated extended Nelson and Siezel vield curve model (sec Svemsson (1993} or Stderlind and
Svensson {1097)). Estimation by Svenges Riksbank.
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Figure 4.3: Data and results for short sterling interest rate.

strike rate}. The options were therefore less valuable. Exactly the opposite holds for the
change between 16 and 18 September. It 15 also interesting to note that the price changes

are magritudes larger than the estimation errors m Figure 2.1.2.%°

4.3 Qutside the ERM

The first two weeks outside the ERM brought an ongomng depreciation of the expected
exchange rate, but fairly stable expected interest rates. There are no clear signs of any
effects of the French voters’ approva of the Maastnicht treaty on 20 September, and the
UK lending rate cut on 22 September (from 10% to 9%) seems to have been anticipated.

The uncertainty remamed very iarge throughout September, probably because it was
unclear what kind of monetary policy framework the UK government would put m place
of the fixed exchange rate. Expectations about policy announcemenis around the Con-

servative Party conference possibly played a rofe in the turbulence 1n early October: the

W One could possibly suspect that the fonely option with a strike rate of approxamately 13% 15 verv
important for the results. That would be problematic, simee this option was traded nfrequently (see
Figure 3.1). Fortunately, this 1s not tne case. For imstance, on 16 September, estimation based on onfy
traded optsons (excluding the 13% option) mves essentially the snme distribution as i Figure 4.3.b (based
oa 2il optioas with open positions). The reason s that the 13% strike rate 1s so high that this opticn was
aimost certan to be exercised, and therefore contained essentialiy the same wmformation as the forward
rate. This is particulasiy clear on 18 September when an mvestor could either enter & foward contract
which forced him to pay 1.6 m December 1992 to get a tiree month bill, or an option contract which
forced him to pay 4.6 in December 1992 in return for the night to aquire the same bill for the strike price
87. Since §744.6=91.6, the market did not value the nght to not exercise the option (if the bond price
would be below 87, that 15, the interest rate above 13%).
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expected long gilt increased rapidly, the expected exchange rate depreciated, and the un-
certainty grew. Tle expected short sterling was not affected, but the uncertamty around
it increased. The pound recoverad already the next day (6 September}, but the problems
were not over. The exchange rate uncertamty stayed large, and the expected long gilt
\ncreased even further. Calm was restored only on 8§ October, probably because of the
anncuncement of a UL inflation target.

The expected short sterling dropped 0.6% {te 7.3%) on 16 Ociober as the Bank of
England cut the lending rate (from 0% to 3%). This took the market by some surprise;
two days earlier, the nsk neutral propability of a December short sterling less than 7.3%
was only 13%. Both the expected short sterling and the expected long gilt continued to de-
crease for several weeks thereafter, possibly drniven by the Prime Mimster's new “strategy
for growth,” announced on 20 October wiach aimed at “early and strong recovery” (see
Stephens (1896)). There were signs of market expectations about even further mterest
rate cats: the lower tail of she shart sterling distribution was elongated.

The chancellor delivered his Autuma statement 1n Parliament on 12 November and
announced a lending rate cut (from 8% to T%) to take place the next day. The market
responded by wmereases 1n the expected short sterling and long gilt, but the uncertamty
decreased dramaticaily. It seems as if the speech surprised the market by strongly {and
credibly, it appears) signailing that no further cuts should be expected,

-

5 Robustness of Results

5.1 Pracision of the Estimates

Figure 5.1.a illustrates the precision of the estimator. The average prnice error 15 very
close to zero for most days and the average absolute price errors fluctuate around 0.0026.
Compared with the mean absolute price changes of 0.075, it appears as if the estimation
errors are small. The price errors are somewhat larger mid September, but still small
compared with the large daily prices changes during that period (see, for instance, Figure

13.a).
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Figure 5.1: Robustness of results for short sterling interest rate.

5.2 Traded Options versus Options with Open Positions

Figure 5.1.0 compares the 90% confidence ntervals (for the short sterling) based on two
different estimations: one using all options with open positions {the mamn approach} and
the other using only options with trade. We noted earlier (in Figure 3.1) that there was
refatively litile trade in options with strike {interest) rates above the forward rate, at feast
before mid September. This shows up here 1n the form of a small difference between the
upper confidence intervals until late August and occasionaBy m September. Otherwise,
the differences sre small. For instance, the largest difference for the lower boundary is 9

basts pants (0.09%).
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5.3 Risk Premia

The risk neutral distribution, which is what bas been discussed so far, 15 a mixture of two
normal distributions with means §' + o}, and §" + a},. respectively. The true distribution
differs by setting o, and aﬁq to zero. Unfortunately, we have no direct mformation about
these covariance terms, but the effect of them can be illustrated by making assumpticns
about the (forward} term premmum and the ratio rr:';q/rr,i,.

To see how, note that the forward price 15 given by {2.4) and that E.InQ (7) equals
§"_ el§ U the term premium and the ratios @yl ode (= 2, .n} are known, then oy, 15
the ouly unknown in the equation for the forward term preoum't, I F (¢, 7) -E W Q (7).
so we can solve for if.

1 use tius approach to Hlustrate how different nsk premua could affect the confidence
intervals for the short stering. To do this, o7 /o), 15 set cqual to the ratio of the standard
deviations of the two normal distributions’?, and two differeni assumptions zbout the
term premlum are explored.

In Figure 3.1.c, the term prermuum s predicted from a tegression of ex post term
premia on the lagged forward rate and three month mterest rate, using daily sample
for 28 November 1979 o 31 August 1907 (exciuding 1992). In thus sample, the average
ex post term premium 15 virtually zero, and the regression coeffictents are 0.59 and -0.55,
respectively..’ Interestingly, these coefficients are very similar to whit MacDonald and
Macmillan (1994) found on 2 monthly 1989:10-1992:10 sampie of survey data of interest
rate expectations, but somewhat larger (in magnitude) than Gerlach and Smets (1995}
found on monthly ex post data for 1968:4-1993:12.

The regression predict very small tertn prema for the peniod before the pound left
the ERM, but term premia of -0.5% to -1% for the period out of ERALM The “true”

confidence mtervals are then 2.5% o 1% above the nisk neutral ntervals for the period

HUIf (3{¢) 15 a price on 2 zero coupon bond, then this presmum 1 proporuional 1o the term premaum
on the continucusly compounded forward interest rate.

12 With only one state, the risk premium equals oy, which 1 & mean-vanance setting would be
proportional to the standard deviation of the asset price.

Y The data are daily three and six month Euro depostts razes from 118, Some cbservations witls
obviously imcorrect records have been excluded.

13 The forward rate was approximately equal to the spot rate before 17 September, and clearly jower
than the spot rate afterwards.
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after 16 September. This malkes the downward shift between 16 and 17 September fess
dramabtic.

In Figure 5.1.d, the term premurs 1s, entirely ad hoc, set to be proportional to the
standard deviation of the risk neutral distribution, in such & way that the term premium
15 1% on 16 September and essentially zero at the end of the sample. The man effect
of thus 15 to shift the distzibution down between late August and mid October, but it
changes few of the previous conclusions about how the distribution changed over time -
except for the days around 16 September. The lugh uncertainty, and therefore hugh nsk
premium, on 16 September, means that bothl the inerease in the forward rate between 15
and 16 September and the subsequent decrease between 16 and 17 September exaggerate

the moverments 1n the expected vaiue.

6 Summary

This paper studies how market expectations about future UK monetary policy changed
over the swamer and autumn of 1892, The period before “Black Wednesday” (16 Sep-
tember) was marked by a series of small crises when the UK inerest rates increased and
the pound depreciated towards the fower ERM band limut. After the pound ieft the
ERM, short UK mterest rates were lowered m number of steps and 2 new framework for
monetary policy (including infiation targets) was put m piace of the fived exchange rate.
This paper estunates a time seres of nsk neutral distributions from daily option prices
on the pounds/mark exchange rate, a ten year sterling yield to maburity, the three month
sterling mterest rate, and the three month mark mnterest rates. The estimation 15 done for
a sample of daily price quotes for the peniod bebween late June to ate November 1999,
The estimated risk neutral distribution 15 2 muxture of lognormal distributions. It
1s derived from a theoretical asset pricing framework where the conditional distribution
of the asset price and the stochastic discount factor 15 a muxture of bivariate lognormal
distributions. This theoretical framework gives & ciosed form selution for the option
price and provides a useful basis for discussing the effects of sk premsa. The estimation

vracedure picks parameters of the distribution mn order to mumimize the squared difference
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between predicted and actuai option prices.

While forward rates measure the market's {nsk neutral) mean of o future asset price,
option data can give an estimate of the entire {nisi neutral) distribution. This allows us to
arve quantitative answers to questions like the following. How uncertamn was the market?
What probability did the market assign to a realignment? Did the market attach a higher
probability to an 1ncrease i the short interest rate than to a decrease?

Several interesting resulfs emerge from the estimates. First, the path to the “Black
Wednesday” was marked by a sertes of small cnises m late August and early Septem-
ber 1002. During each of these, the distributions of the futuwre UK interest rates and
marks/pound exchange rate widened because the market started to believe 1 the poss:-
bility of fairly ngh mterest rates and a moderaie realignment. {The actual outcorne was
a large devaluation and much lower nterest rates.) Second, the announcernent of the UK
inflation target on § Qctober, brought down the long UK nterest rates as well as the
uncertamty about the future long mterest rates. Third, the Autumn Statement by the
Ul chancelior on 12 November, put an end to the uncertainty about the future monetary
policy: the distribution of future UK mterest rates narrowed dramatically mmmediately

after the speech.

A Data

The data on the three month euromark and sterling mierest rafe fulures from LIFTE 15
described 1n LIFFE (1997b). [ use prices on the mterest rate futures with last trading
day 14 and 16 December 1992, respectively, as well as prices {daily settlement price) and
strike prices on effectively European calls and puts on the futures {with expiry on I4 and
16 December 1992, respectively). The futures price and the strike prices are quoted as 100
aunus the three month simple annual interest rate m percent (day count s “actual/360").
Far a given strike price, X, the iumplied LIBOR rate {in percent) 15 100 — X', and the price
of the bill 1s 1/{1+days/360*LIBOR/100). The continously compounded interest rate
15 therefore 360/days= inj1-+days/360 (1 — X/100}}. There were 90 days between 14 (186)
December 1592 and 14 (16} March 1993, The option price 15 not paid at the trade date,



but at the expiry date. This means that she discount rate e =1 in (2.3) 15 effectivety
zero.

The data on the {ong giff futures from LIFFE 15 described m LIFFE (1997a). 1 use
prices on the bond futures with delivery on any day in Decermnber 1992, as well as prices
{daily settlement price} and strike prices on (effectively) European calls and puts on the
futures (with expiry 23 November 1992). Delivery can be made of any bond on the “List
of Deliverable Gilts,” and the sctual payment from the holder of a futures 15 the futures
price tunes the price factor pius accrued interest. LIFFE's price factor for a bond is, 1n

this case, defined as

rice factor = L {C.z. £ (1__ t ) .1 ]__5(3.82.5—::)
p " Qas=/1825 0,09 10457/ 7 0457 2 1855 s

where z 15 the number of days from | December to the next coupon date, ¢ the annual

coupon (for mstance, .135), and n 1s the number of half years from the next coupon date
to the maturity date. The accrued mterest is the fast term. The anmual continuously
compeunded yield to maturnity, y, soives the equation

Actuai - c/2 1
=3

payment = ez /1BZ5+i)/2 + ey{z/182.5+n)/2"

Only two bonds were actually delivered m significant amounts into the futures during the
period September 1991 to March 1993 (source: LIFFE), m spite of changing vield curves
which could aiter the “cheapest to deliver bond.” The 13.5% August 2004 bond had
{z.c,n} = {62,0.135,23}, and the 12.5% May 2003 bond had {z,c,n} = {150,0.125,21},
a3 of 1 December 1992. The option price s not paid up front.
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