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ABSTRACT 

The usual indicators of expected interest rates -forward rates 
obtained from the zero-coupon curve or futures market rates- only 
approximate agents' mean expectations of future rates. These mean 
expectations give no indication of the distribution of the probabilities 
agents attach to the possible levels of interest rates for a particular term 
at a particular horizon. 

Estimating the probability function of expected rates provides 
indicators which help to assess the effects of monetary and financial 
shocks. This estimation can be carried Qut using information obtained from 
the interest-rate options market. 

This paper has estimated, using a non -parametric method, the 
distribution function of expected three-month interbank rates t using data 
on call options on the MIBOR-90 future. The evolution over time of this 
distribution function has enabled the effects of movements in the Banco de 
Espana intervention rates on the distribution of agents' short-run interest 
rate expectations to be assessed. 
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1. INTRODUCTION 

The interest rates expected by economic agents are the product of 

various factors: the behaviour of the equilibrium real interest rate which 
equates flows of saving and investment in the economy, inflation-rate 
expectations and the risk premiums incorporated at the different terms. 
The relative importance of these factors depends on structural factors 
-e. g .  the preferences of economic agents- and the period to which such 
expectations relate1• 

The path of expected rates provides, under certain assumptions as 
to the behaviour of real interest rates, estimates of the path of inflation 
expectations and/or changes in agents risk premiums. Numerous examples 
of this use can be found in the reports of financial analysts and many 
central banks. 

Agents' expectations are not observable and, therefore, it is 
necessary to use indicators or proxies thereof. In the case of expected 
interest rates, the yield curve -zero-coupon curve- and rates in forward 
markets -"Forward Rate Agreements,,2 and futures) are the indicators 

normally used. In fact, it can be demonstrate.d that the implicit rates 
(forward rates) obtained from the zero-coupon curve are a good 
appro>;imation to expected rates, depending on the behaviour of the 
liquidity premiums. If the premiums are not significant or, at least, 
relatively stable, forward rates are a good approximation of expected rates 
or of changes in expected rates. 

In this respect, there is evidence that inflation expectations are a 
more important determinant of long-term than short-term nominal rates. 
See, for example, for the Spanish case, Manzano and Campoy (1997) and 
Alonso et a1. (1997). 

See, on the FRAs market and the rates negotiated, Diaz del Hoyo y 
Prado (1994). 

On the differences between these two markets see, for the Spanish 
case, Nlifiez (1992). 
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The indicators mentioned only give information on point values of 
the expected rates, namely their mean values. However, agents, when 
revealing their expectations, are really attaching probabilities to the 
possible values of interest rates, and, on the basis of these, the mean 
expectation is determined. Accordingly, the expected rates are stochastic 
variables which, as such, have a certain probability distribution 
associated with them. 

The characteristics of the distribution of interest-rate expectations 
and its evolution over time are an important source of information. For 
example, knowledge of this distribution would give information on the 
degree of uncertainty with which agents view the future path of interest 
rates at different terms. In turn, monitoring changes in this distribution 
would yield information on how certain events in the financial markets 
-e. g. changes in monetary policy signals, sharp stock-market corrections, 
shocks in foreign exchange markets, etc. - affect the probabilities 
assigned to particular values of short- and long-term interest rates, the 
degree of dispersion of the expectations and the existence of skewness. 

From the viewpoint of the design and conduct of monetary policy, 
analysis of the characteristics of the distributions of expected interest 
rates is useful for various reasons -see Deutsche Bundesbank, Neuhaus 
(1995); Bank of England, Bahra (1996, 1997); Banque de France, Jondeau 
et Rockinger (1997) and Banco de Portugal, Adao et al. (1997)-: 

a) Agents' spending ,decisions are affected by changes in the 
probability they attach to extreme values in the distribution of 
future interest rates. 

b) It is possible to extract from the probability distribution of 
expected rates information on the macroeconomic scenarios agents 
consider most plausible. 

c) The credibility of the monetary authorities can be analysed by 
comparing, over time, agents' probability distribution with the 
interest rates compatible with inflation targets. 
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d) The probabilities attached by the market to the possible values of 
interest rates in the near future provide information on the 
probabilities which agents attach to different monetary policy 
actions. These probabilities are important to assess the effect of a 
particular movement in the intervention rates of the monetary 
au thorities. 

e) Increases in the probabilities assigned to the most extreme values 
of the distribution of expected rates, without noticeable changes in 
the mean expectations, indicate an increase in market uncertainty 
which may involve greater interest rate volatility. 

It is useful, therefore, to have information on the distribution of 
expectations of interest rates rather than just on mean expectations. 
Interest-rate options contain information on this distribution. As we know, 
an option is a contract giving the holder the right to purchase (call 
option), or sell (put option) an underlying asset at a particular price 
(strike price), at a certain date (European option), or during the period 
from its purchase until its expiry (American option). For a particular 
underlying asset and a certain maturity, different strike prices are traded 
in the market, for which different premiums are paid. The relation 
between the different strike prices and the corresponding premiums is a 
function of the probability which agents attach to the possibility of 
obtaining a profit. The latter depends on the strike price specified in the 
contract and how the price of the underlying asset is expected to move 
during the life of the contract. 

The object of this paper is to analyse, in the Spanish case, whether 
options on short-term interest rates contain any useful information for 
characterising the distribution of expectations of short-term interest 
rates. Section 2 gives a brief description of the Spanish optioris market, 
with special focus on interest-rate options. Section 3 analyses how 
information can be obtained from the relationship between the strike prices 
contained in options contracts and the related premiums on the probability 
distribution assigned by agents to the possible values of interest rates at 
a certain term. Section 4 applies this method to the case of options on the 
MIBOR-90, characterising the distribution of agents' expectations of 
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three-month interest rates on particular dates. Finally, section 5 offers 
a summary and the main conclusions of the analysis. 

2. MAIN CHARACTERISTICS OF THE SPANISH OPTIONS MARKET 

The official Spanish financial derivatives market came into being in 
late 1990 with the creation of MEFF. This company is responsible both for 
the trading and the clearing and settlement of futures and options in 
Spain. The market has grown exponentially since then, to become the 
fourth largest European market by trading volume, although it is 

significantly smaller than the main international markets. Thus, for 
example, the number of contracts traded on MEFF is only about 15% of 
those traded at LIFFE. 

After certain ups and downs and the suspension of trading of 
certain contracts due to the absence of trading, the assets currently 

traded on MEFF are: futures on equities (lBEX-35), futures on interest 
rates (MIBOR-90, MIBOR-360, and 3-, 5- and 10-year notional bonds and, 
since 1996) on the price differential in futures contracts on long-term 
bonds between Spain and Germany, France and Italy); options" on 
equities (IBEX-35 and main shares) and options on interest rates (futures 
on the MIBOR-90 and on 3-, 5- and 10-year notional bonds). 

It should be pointed out that MEFF, as in the case of other 
derivative markets, obliges market members, through its Clearing House, 
to make an initial security deposit of PTA 20 million. It also imposes a 
system of margining and settlement of losses and gains arising on open 
positions in futures and options, to be complied with on a daily basis (see 
MEFF Regulations). 

From the outset, futures trading has been more important than 
options trading. In 1996, 49 million futures contracts and 12 million options 

contracts were traded. At the same time, both in futures and options, the 
volume of interest-rate trading is higher than that of equity, although, in 

4 All the options traded on MEFF are American options, i. e. they can 
be exercised at any time between their purchase and their maturity. 
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the latter case, the number of contracts is greater. As for interest-rate 
options, which in terms of the number of contracts account for around 40% 
of all options, those on the notional lO-year bond future and on the 
MIBOR-90 future are the most traded. Until 1996, the volume of trading 
in options on the lO-year bond was greater than that in options on the 
MIBOR -90 fu ture, the situation being reversed in 1997 (see Chart 1). Yet, 
throughout the period, the level of open positions in options on the 
MIBOR-90 has been higher than that in options on the 10-year notional 

bond. This is probably because, in the case of the option on the la-year 
bond, agents close out their positions more frequently, which leads to a 
bigger difference between the volume of trading and the change in the 
open position5• 

Focusing on interest-rate options, it should be pointed out (see 
Chart 2) that trading in options represents between 10% and 20% of the 
contracts in the underlying asset (interest-rate futures). This proportion 
has remained very stable since 1993. 

Since this paper is going to analyse the information supplied by 
options on the MIBOR-90, it is worth describing the main features of this 
contract: 

The underlying asset is the futures contract on the MIBOR-90. The 
nominal value of the contract was, until June 1995, PTA 10 million. 
Since then it has been PTA 100 million. 

The option is of the American type, i.e. the buyer may exercise it 
at any time until it expires. 

Four maturities may be traded. The maturity dates are the third 
Wednesdays of the months of March, June, September and 

On any trading day, the increase in the open position is the same as 
the amount of the transactions entered into, unless the market member 
trading with MEFF (which always acts as counterparty) merely takes out 
a transaction which offsets a previous transaction. 

-13 -
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December, coinciding with the maturity of the futures contract on 
the MIBOR-90. 

There is no exchange of principal amounts. The amount settled is 
the difference between the interest flows to which the differential 
between the interest-rate agreed-upon and the interest rate of the 
future gives rise. 

Premiums are expressed in terms of basis points of PTA 2,500 
(ticks) . 

Strike prices are expressed in terms of an index resulting from 
subtracting the annualised interest rate traded from 100. 

The maturities most traded in the option on the MIBOR-90 future are 
the shortest two (see Chart 3). It can also be seen that call options are 
more important in this market than put options' (e.g. in 1996, call options 
accounted on average for 60% of all options) . Trading in call options has 
trended upwards both in relation to trading of the future on the MIBOR-90 
and in relation to trading in the 3-month interbank market. In 1997, 
trading in call options was more than ten times higher than that in the 
3-month interbank market (see Chart 4). 

3. THE INFORMATION CONTENT OF OPTIONS ON INTEREST RATES 

3.1.  General considerations 

Consider the case of a call option on an underlying asset with a 
particular maturity. Let us suppose that the option is European and, 
therefore, that it can only be exercised on the maturity date. 

6 It is worth recalling that, in the case of options on the future 
MIBOR-90, what is being traded is the agreement to lend (call option) or 
to borrow (put option) a notional interbank deposit, to be made on the 
date of maturity of the contract at the interest rate specified in the 
contract. 

-16-
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For a single underlying asset and a particular maturity, there are 
contracts in the market with various strike prices and different premiums. 
In the case of a call option, ceteris paribus, the lower the strike price the 
greater the potential gain if the option is exercised, so that the price of 
the option (the premium) tends to be higher. This relationship between 
the strike price and premium will also depend on the degree of risk 
aversion of the agents and the probability agents attach to the possibility 
of the strike price being below the spot price of the underlying asset on 
the maturity date. Accordingly, from the relationship between premiums 
and strike prices for a particular underlying asset and a certain maturity 
date, it is possible to obtain information on the probabilities agents attach 
to different outcomes for the price of the underlying asset on the maturity 
date of the option. 

The premium of an option depends on various factors: the current 
price of the underlying asset, the time-to-maturity, the volatility of the 
price of the underlying asset, the risk-free rate of interest, the expected 
dividends on the underlying asset during the life of the option. Its value 
may easily be deduced using the binomial method on the assumption that 
there are no arbitrage possibilities in markets -see, e. g. Gemmill (1993)-. 
This method is based on a risk-free portfolio, consisting of an option and 
the underlying asset, which is constructed to ensure that its yield is equal 
to the rate of interest on a risk-free asset. The theoretical value of the 
option deduced from this portfolio is independent of the degree of agents' 
risk aversion. This simple valuation method shows how it is possible to 
calculate the value of an option without needing to know the probabilities 
assigned by agents to the prices of the underlying asset at the time of 
maturity of the option -see e.g. Hull (1991) and Gemmill (1993)-. 

Now, with risk-neutral agents, it can be shown that the value of the 
option is equal to the present value of the expected future profits, which 
will depend on the probabilities assigned by agents to the range of 
possible prices on the maturity date of the option. Accordingly, just on 

the assumption of risk-neutral agents, it is possible to derive from option 
prices the characteristics of the probability distribution of the prices of 
the underlying asset on the maturity date of the option. On this 
assumption, options on interest rates provide information on the 
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probabilities which agents attach to different levels of interest rates at the 
maturity date of the option -see, for example, Neuhaus (1995) and Bahra 
(1996, 1997) -. This information may be obtained using parametric and 
non-parametric methods: 

Parametric methods 

a) Formulating hypotheses on the characteristics of the stochastic 
process which determines the course of interest rates) a rule for the 
determination of the premiums is obtained. From the latter the 
distribution function of interest-rate expectations is estimated. 

b) On the basis of assumptions as to the distribution of probabilities 
assigned by agents (for example, whether or not the distribution is 
normal, whether two modal values are possible . . .  ), the values 
characterising such distribution are estimated from the observed 
data on strike prices and prenriums. For this purpose, the 
difference between the values of the premiums to which such 
distributions would give rise and the premiums actually observed is 
minimised -see, for example, Bank of England, Bahra (1996)-. 

Non-parametric methods 

c) The characteristics of the distribution function of agents' 
expectations on interest rates are determined from the relationship 
observed between the prices of call options and the different strike 
prices, without any a priori assumption as to this relationship -see 
Breeden and Litzenberger (1978) and Neuhaus (1995)-. 

The main problem with non-parametric methods is that, as will be 
seen below) there are not always enough strike prices available for a 
particular maturity to permit adequate characterisation of the expectations 
density function. 

In view of the lack of a priori information on distributions of 
interest-rate expectations in Spain a non-parametric method has been 
selected for this paper. 
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3.2. Analysis of the content of interest-rate options: a non-parametric 

approximation 

Consider a European call option on an interest-rate future, where 
the agents in the market in which the option is traded are risk-neutral. 
Assuming that all agents assign the same probabilities to the various 
possible prices of the underlying asset at the maturity of the option (see 
Annex 1 ), the value of the option will always be equal to the present value 
of the expected stream of receipts. This value (C) can be expressed as a 
function of: 1) the probabilities assigned to the prices of the underlying 
asset on the maturity date (P(F.»; 2) the differentials between such 
prices and the strike price stipulated in the option contract (E), and 3) 

the risk-free rate of interest (r), such that: 

C = e -<(T-t) r P(F) MAX [F - E] dF -- T T T 

(T-t) being the time-to-maturity of the option. 

[ 1 )  

A s  indicated above, for a single underlying asset with a particular 
maturity date, contracts are traded in the market with different strike 
prices and, therefore, different premiums. Consequently, it is possible 

to analyse how the premium (C) changes as the strike price (E) changes, 
calculating the partial derivative of C with respect to E in equation (1): 

C = -e -.cr-t)J: P (F ) dF E B T T 
(2) 

As can be seen, expression (2) is related to the value of the 
distribution function of the price of the underlying asset when this price 
coincides with the strike price, mUltiplied by the discount factor. That is: 

(3) 

D (E) being the value of the distribution function for F. = E. 

-21-



From this relationship it is possible to calculate the probability that 
the price of the underlying asset (FT) will lie between two consecutive 
values of the strike price, as follows: 

Prob (E < FT < E + aE) = (D (E + aE) - D (E») [4] 

Combining equations (3) and (4) yields: 

Prob (E < FT < E + aE) = (<; • "B - CE) e.n'-t) [5] 

Given that there is only a discrete number of strike prices and 
premiums in the market, it is not possible to estimate directly function C 
above, which is a continuous function. Accordingly, the calculation of the 
density function which appears in equation [1] is very imprecise. 
However, the estimation of the probability that the price will lie within 
particular intervals, although less ambitious, is subject to a small 
approximation error -see Neuhaus (1995)-. 

In fact, using a Taylor expansion to approximate the derivative of 
function C when the price of the underlying asset is equal to the strike 
price, the probability that the price of the underlying asset lies between 
two consecutive strike prices is: 

Prob(E<FT<E+aE)_[C(E+2aE)-C(E+aE)]-[C(E)-C(E-aE)]e"-T-') 
[6] 2aE 

Equation (6) shows how the probabilities which the buyer of a call 
option assigns to the possibility that the price of the underlying asset 
-here, the three-month rate of interest- will lie within a certain interval 
can be approximated linearly'. The only information necessary to make 
this approximation is the premiums corresponding to the various strike 
prices. 

7 There are non-linear methods which enable these relationships to be 
approximated using polynomials of order n. These methods generally offer 
less satisfactory results than those obtained with linear methods -see, for 
example, Jondeau et a!. (1997)-. 
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The probabilities estimated in accordance with this method have two 
desirable properties when a distribution function is characterised: 

1. They are always positive, since the absence of arbitrage ensures 
that the relationship between the premium of the option and the 
strike price is going to be negative and convex. 

2. If there is a sufficient number of exchange-traded strike prices, 
the sum of the probabilities calculated for a particular maturity will 
be equal to oneil. This is because the first derivative of the 
premium with respect to the strike price is the probability that the 
expected price is greater than or equal to the price considered -see 
Neuhaus (1995)-. 

If agents are risk-neutral, the expected value of the rate of interest 
on the maturity date of the future, calculated using the density function 
of expected rates, must always be equal to the price of the future with the 
maturity date considered. If the approximation carried out is sufficiently 
precise, this property must obtain. 

The validity of the non-parametric method essentially depends on 
the number of exchange-traded strike prices for each maturity and the 
quality of the valuations of the various contracts. Given the approximation 
method used, if the number of strike prices is not sufficiently large, the 
tails of the probability distributions are not going to be satisfactorily 
characterised. However, with this method, the lost mass of probability 
which corresponds to the tails of the distribution is known at all times. 
The attachment of this probability to each of the tails is only possible if: 
1) the probability that the price is greater than the lowest observed strike 
price (lower tail) is equal to one, in which case the lost probability 

8 The greater the number of exchange-traded contracts, for each 
maturity date, the better valued will be the contracts corresponding to the 
most extreme values of the strike price and, therefore, the premia 
corresponding to these extremes will tend to coincide with their intrinsic 
values. If the premia do coincide with their intrinsic values it can be 
demonstrated that the sum of probabilities calculated for the various 
interest-rate intervals is equal to one. 
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necessarily corresponds to the upper tail, or 2) the probability of the 
price being greater than the highest observed strike price (upper tail) is 
equal to zero. In all other cases, the observed strike prices are not 
sufficient to adequately characterise the tails of the distribution. 

If the premiums corresponding to each strike price are 
inappropriate, Le. if the contracts are not well valued, it is obvious that 
the probabilities calculated are not a good approximation to the theoretical 
probabilities attached. This problem may arise if information on the 
premiums is obtained at different times during a session. 

The implicit probabilities are calculated on the basis of the 
hypothesis of risk-neutral agents. If agents were risk-averse, then the 
probabilities would be biased estimations of the actual probabilities 
assigned by agents, owing to contamination by the risk premiums 
incorporated. 

4 .  AN APPLICATION: THE INFORMATION CONTENT OF OPTIONS ON 

THE MIBOR-90 FUTURE 

4.1 The set of information used 

Expected short-term rates of interest are a relevant indicator for 
monetary policy both for the purposes of its design and when assessing 
the effects of its application. They help to assess the desirability of 
market intervention, by offering information on the monetary conditions 
in the economy and on agents' perception thereof and they are also 

indicators of how the actions of the central bank affect market sentiment. 
The foregoing gives an idea of the importance of analysis of the 
distribution of expectations of short-term rates of interest. This paper 
uses information supplied by options on the MIBOR-90 to characterise the 
distribution. 

As in the case of all options, for the underlying asset in question (a 
notional interbank deposit) and for each maturity there are several 
exchange-traded strike prices. These prices are quoted by MEFF in 
accordance with the terms of its regulations, at the request of market 
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members. In 1997 the average daily number of exchange-traded strike 
prices was around thirty. 

It should be pointed out that, for each maturity, agents have open 
positions in contracts with strike prices which are not necessarily traded 
every day. In fact, often, only the contract corresponding to a single 
strike price is traded. However, as there are positions for the different 
exchange-traded strike prices, and the system of margins established by 
MEFF obliges open positions to be valued daily, all live options are valued 
at the close of trading, enabling the Clearing House to settle losses and 
gains daily. 

Until September 1996, MEFF used the volatility of the option at the 
money to value all open contracts, whatever their strike price or maturity, 
applying the Black-76 formula (a model for valuing European options on 
futures). This meant that the Black model was used regardless of whether 
or not its assumptions were fulfilled. From that date, coinciding with the 
significant increase in options trading, this valuation system was improved 
with the creation of the so-called volatility club, consisting of eight market 
members who quote volatilities for each strike price and each maturity 
daily at the close of trading -see MEFF (1997)-. When the volatilities 
quoted by each of the eight members have been obtained, the harmonic 
mean is calculated for each strike price/maturity, so that if there are 
extreme values they do not significantly distort the mean. The Black-76 
formula is applied to the volatility curve (volatility smile) so calculated, 
to give a valuation of all live contracts whether or not they are traded9 
-see MEFF (1997)-. 

It is worth pointing out that the valuation system used by MEFF 
since September 1996, unlike the previous one, does not impose the Black 
formula or, therefore, the assumptions which underlie this model. 

, Meff adjusts for the fact that the Black-76 formula refers to 
European options, while the options being valued here are American. 
Options are valued choosing the maximum of the valuation obtained by 
applying the Black formula and the intrinsic value. This method can be 
considered to approximate well the valuation which would be obtained 
using the binomial method. 
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Nonetheless, this formula is used to translate the quoted volatilities into 
prices. 

In this paper, to analyse the relationship between strike prices and 
premiums, closing prices of all outstanding options contracts have been 
used. This also avoids the problems that would be caused by using prices 
taken at different times during the trading session -see Bahra (1997) and 
Annex 1-. In any event, it should not be forgotten that until September 
1996 there are distortions in the valuations of contracts at the close of the 

session and that, therefore, the analysis of that period is subject to 
numerous caveats. 

Thus, for each maturity of a call option on the MIBOR-90, daily 
information is available on strike prices and premiums. Assuming 
risk-neutral agents, and that these options behave in practice as if they 
were European options, the expectations distribution function can be 
approximated by applying equation [6]. The discount rate in that equation 
has been approximated by the average rate on public-debt repos between 
market members, at the term-to-maturity of the option. 

The period used in this paper runs from January 1994, when options 
trading began to become significant, to May 1997. Given that the data are 
daily, for the sake of simplicity, for the period 1994-96, the analysis has 
focused on the days on which the Banco de Espafia varied its ten-day 
intervention rates, as well as the immediately preceding and following 
days, using the options with the shortest maturity. In 1997, the analysis 
has been on a daily basis for the period January-May, using the options 
with maturity in June of that year. 

The validity of the analysis depends, as mentioned in section 3, on 
the number of exchange-traded strike prices existing from time to time, 
since the aim is to approximate a continuous function from a discrete 
number of observed values of that function. 

The approximation of the distribution function assumes that the 
options are of the European type, i.e. that they cannot be exercised until 
the maturity date. However, the options traded in the main derivative 
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markets are of the American type (they can be exercised at any time 
before maturity) . 

In some markets such as LIFFE, the systems of margins and daily 
settlement of losses and gains mean that the buyer of an option does not 
initially make any payment, so that, in principle, there is no incentive to 
exercise an option before its maturity -see, for example, Gemmill (1993)-. 
As a result, although the options in these markets are American, they 
behave in practice as if they were European. In Spain, these systems are 
somewhat different and premiums are paid when positions are opened. 

In this respect, it is worth pointing out that there would be no 
problem if the underlying option were MIBOR-90 instead of the future. 
This is because the underlying asset would not pay coupon or dividends, 
and therefore there would be no incentive to exercise the option early 
-see, for example, Hull (1991)-. 

In the case of the option on the MIBOR-90 future, the option and the 
future mature at the same time and, therefore, the value of the option on 
the MIBOR-90 future is going to differ from the hypothetical value of an 
option on the MIBOR-90, before maturity, by the difference between the 

three-month spot interest rate and the interest rate of the three-month 
future. However, in the case of options on the MIBOR-90 future with the 
shortest maturity, this difference is probably not going to be very 
significant. Therefore, the assumption made in this paper that options on 
the MIBOR-90 future behave as if they were European, can be considered 
a reasonable simplification. 

4.2. Estimation of the distribution function of expected short-term 

interest rates 

Daily, for each maturity of options on the MIBOR-90 future, there 
is a probability function implicit in the relationship between strike prices 
and premiums. This function will vary from one day to the next insofar as 
agents change the probabilities attached to the various strike prices or, 

which comes to the same thing, to possible future interest rates, on the 
basis of new information received by the market. 
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As mentioned in section 3 J the best way to characterise adequately 
the probability distribution of the expected values would be to estimate the 
density function corresponding to expected interest rates. However, this 
would involve attempting to approximate a continuous function from a 
not-very-Iarge number of observed data -for a particular maturity, the 
exchange-traded strike prices and their related premiums- J so that the 
result would be heavily influenced by the method used to interpolate 
between the available data. Calculation of the distribution function 
presents fewer problems (though it only allows the probabilities attached 
to different strike price intervals to be approximated) so this has been the 

Object of the analysis here. It should be recalled that calculation of the 
distribution function involves using the linear approximation of the first 
derivative of the function which relates, for call options, the various 

exchange-traded strike prices to their corresponding premiums. 

On the basis of these considerations, this paper has calculated, 

daily, the probabilities attached to different strike price intervals for 
options on the MIBOR-90 future with the shortest maturitylO. Given the 
volume of information entailed by daily periodicity for the period 
examined, it has been considered best to use certain statistics which 
summarise the characteristics of the distribution function. This also 
facilitates its comparative analysis over time. 

From the set of probabilities attached to the intervals between the 
various exchange-traded strike prices, the aim is to draw conclusions as 
to certain characteristics of the density function, such as whether or not 
the function is normal, whether there is skewness in the distribution and 
whether it changes over time. 

It should be pointed out that on certain dates of the period analysed 
the sum of the probabilities calculated is not equal to one, so that, as was 
to be expected, the mean rate of interest deduced from the distribution 

10 When the shortest maturity coincides with the month to which the 
valuation of the option refers, the next maturity is taken as the shortest. 
So, for example, in June call options on the MIBOR-90 future which mature 
in September are considered, and not those maturing in June. 
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estimated on such dates does not coincide with the rate of the future 
corresponding to that maturity. The dates on which this sum is less than 
one correspond to periods either when the number of exchange-traded 
strike prices was very small, or when economic factors existed which 
tended to increase significantly the uncertainty of agents. In some cases 
the sum of probabilities is slightly greater than one, perhaps because the 
approximation of the discount rate used is not, in all cases, the most 
suitable. 

As seen in Chart 5, on all the dates analysed in 1994, except in one 
case, the sum of probabilities is less than 100%, ranging from 85% to 98%. 

It can also be seen that the daily number of exchange-traded strike 
prices, i. e. those quoted by market agents, started from a very low level 
(around nine), which increased over the year. Later, in 1995, when the 
Banco de Espafia interrupted the downward path of its intervention rates 
(as seen in Chart 5) the sum of probabilities fell again, to levels of below 
60%. Subsequently, this sum began to approach one, only to fall once more 
when the Banco de Espana resumed the downward path of its intervention 
rates, stabilising at one thereafter. Thus, during 1995, at times of 
turning points in the Banco de Espana intervention rates, the probabilities 
attached to the various strike price intervals do not permit the probability 
distribution to be characterised adequately. This may be because the 
valuations are not adequate and/or because the linear approximation used 
is not sufficiently precise, and/or due to lack of sufficient information on 
the tails of the distribution. 

In 1996 and 1997, the data analysed reveal the increase in the 
number of exchange-traded strike prices. It ranged between 20 and 3 0, 

comparable to the levels in other European markets -see Neuhaus (1995) 

and Bahra (1997)-. During these years, on most of the dates analysed the 
sum of probabilities calculated is one. 

The fact that, with the odd exception, the sum of the probabilities 
obtained for dates in 1996 and for the period January-May 1997 is one 

enables the set of information used to be validated to a certain extent. It 
should be recalled that it is as from September 1996 that the valuation of 

options at the close of the session is satisfactory (see section 4. 1). 
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Meanwhile, the calculation of the daily mean expected interest rate 

deduced from the distributions calculated allows analysis of the extent to 

which this coincides with the rate of interest of the future contract on the 

MIBOR-90, whose date of maturity coincides with the date of maturity of 

the option. Chart 6 shows that these rates are very similar when the sum 

of probabilities is equal to one. 

To analyse the possible changes in the probability distributions of 

expected interest rates, certain statistics have been used in addition to 

the mean, such as the median, the range and the interquartile range11• 

Comparative analysis of the measures of central tendency -mean and 

median- provides information on possible skewness in the distributions. 

Specifically, given that the mean is influenced by the extreme values of 

the distribution while the median is not, if the mean is less than the 

median, the probability attached to the lower tail of the distribution is 

larger than that attached to the upper tail. In this case, skewness would 

be caused by a bias towards the lower values. If the mean is greater than 

the median the opposite would be the case. 

On the dates analysed in 1994 and 1995, the mean is generally below 

the median. The difference between them narrowed during 1994, and then 

widened to reach a value of around five percentage points in the first 

quarter of 1995. In this period there were certain temporary disturbances 

which increased the uncertainty in financial markets (see, for example, 

the 1995 Annual Report of the Banco de Espana), and this widening only 

goes to corroborate this. Thus, a higher probability than in earlier 

periods was attached to higher levels of interest rates. Thereafter, the 

difference between the mean and the median narrowed to become 

11 As is known, the range is defined as the difference between the 
maximum and minimum strike prices (interest rates) for which there are 
exchange-traded contracts and the interquartile range as the interval 
within which 50% of the distribution lies, which has the median as its mid
point. Thus, the interquartile range provides information on the 
dispersion of the distribution around the median without taking into 
account the tails of the distribution, so that this measure of dispersion is 
less influenced by atypical values. 
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pra ctically imperceptible in 1996, so that the distr ibution w as more 

symme trical (see upper par t  of charts 7 and 8). 

In 1997, daily analysis of t he period January-May of options w ith 

maturity ill J une reveals a me an slightly higher than the me dian and be low 

the mode ,  with greater symmetry in t he distribution (see lower part of 

Char ts 7 and 8). The gap between the mode and the me an began to narrow 

at t he beginning of A pril, w he n  the e xpe cte d  value begi ns to fall 

significantly; it the n he ld ste ady until mi d-May, wide ning thereafter unt il 

the end of that month. The wide ning of the gap, di scer nible at the end of 

the period analyse d, show s the stre ngthe ning of expectations of future 

falls in short-term intere st rate s. 

A s  regards me asure s of dispersion, bot h the range of the e xpe cte d  

intere st rates, for which t here are e xchange-trade d  options contracts12 , 

and the interquar tile range varie d throughout the period considere d (see 

upper part of Char t 9). I n  this respect, it should be pointed out that the 

dispersion indicates the uncert ainty with which the market view s pr ice 

tre nds. O n  the date s analysed in 1 994 and 1 996 , anal ysing the daily 

contracts with the shor te st maturity on each date, the range of the sample 

stood at between one and two percentage points, w hile in 1995, it 

incre ase d to stand at betwee n three and four points. F or its part, the 

inter quar tile range stood at between 50 and 75 basis points on most of the 

days considere d, although in 1995, it e xcee de d 100 basis point s. In any 

case , given that the gap between strike price s quoted by MEFF is 0.25 
perce ntage point s, 50% of the distribution is conce ntrate d on tw o or t hree 

possible value s of the t hree-month interest rate .  

With respect to t he daily analysis over the period Januar y-May 1997 
of contract s with June 1997 maturity, it I s  w orth pointing out that the 

12 It should be taken into account that information is only available on 
the probabilities attache d to t he intervals between str ike price s for w hich 
there are positions open in t he marke t. Age nt s may attach a probability 
other than zero to cer tain le vels of r ate s for w hich there are no contr acts 
and w hich, t herefore, are not taken into account in the analysis. In such 
case s, the sample statistics w ould not be a good approximation of those of 
the population. 
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Chort 7 

MEASURES OF CENTRAL POSITION OF THE IMPLICIT DISTRIBUTIONS 
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MEASURES OF DISPERSION OF THE IMPLICIT DISTRIBUTIONS 
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range of exch ange-traded s trike p ric es dec lined during th e p eriod 

analys ed from 2 . 75 to 1 percentage p oint (s ee lower p art of Ch art 9) . 

Likewise, th e i nterquartile range als o narrowed from 0. 95 p oi nts to 0. 3 0  

p oints .  The s maller disp ersion of exp ec tati ons which thes e s tatis tics 

app ear to reveal may be exp lained b y  th e fact th at th ere is p rob ab ly less 

uncertainty ab out exp ec ted rates the c los er th e h orizon to which the 

exp ec tations refer. I n  any c as e, as seen i n  Ch art 10, the movements of the 

fi rs t and thi rd quartiles of th e dis trib ution i nc reas e and dec reas e wi th the 

arri val of new i nformation i n  the market, irrespec tive of the ti me remai ning 

to maturity. 

4 . 3 .  Changes in intervention rates and effects on interest rate 

expectations 

The es ti mation of dis trib ution functions which ch arac teris e 

i nterest-rate exp ectations make i t  p ossible to analyse the extent to which 

th e prob abilities agents attach to th e p ossible values of future i nterest 

rates are affected. 

To illus trate the foregoing b elow, two instants have b een s elec ted 

from the p eri od considered wh en th e B anco de Espana varied i ts 

i ntervention rates . The dates s elec ted, M arch 1 995 and May 1997, 

c orresp ond to two very different economic situations .  The analysis h as 

b een c arried out with th e i nformation p rovided b y  op tions on the 

MIB OR-90 future, wi th maturity in June of the resp ec ti ve years . 

In M arch 1995 there were b outs of great unc ertainty i n  money and 

foreign-exchange markets . The turb ulenc e in the ERM and c ertain 

domes tic dis turb ances p rompted devaluation of the p es eta's central p arity 

withi n  the ERM. I n  addition, on M arch 14th , the Banco de Esp an a raised 

i ts intervention rate by 0. 5 perc entage p oi nts, to B. 5 % . The analysis of the 

prob abiliti es attached to i nteres t rates i n  the markets on dates immediately 

p receding and following the movement in th e official rate offer s ome 

i nteres ti ng res ults . Th us , the b eh aviour of the market h as b een analys ed 

on the 1 0th, 14th and 16th of March 1995 . 
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The upp er p art of Chart 1 1  cont ai ns a histo gram showing the 

probabilities att ached to the different i nt erest rat es on the days 

mentioned. And, for the purposes of il lustratio n, T able 1 shows the 

di st ri bution function estimated for the day on which the B anco de E sp afi a  

changed i t s  i nt er vention r ate. It should be p oi nted out that ,  o n  t hese 

dat es, the sum of probabilities calculat ed is less than one (0. 6 2 ,  0.66 and 

0. 94 ). Great caution must t herefore be exercised when drawing 

conclusions about the characteri stics of the di stri bution of exp ect atio ns 

on t hese days. In any event ,  the dat a available seem t o  i mply t hat the 

shap e  of t he di stributions is ver y far from that of a leptokurti c and 

symmetri c di st ri bution. 

Over the p erio d  analysed, the range of exchange-tr aded st rik e 

prices i ncreased from 2 . 7 %  p ercent age p oints on March 1 0t h  t o  4 points on 

the 16th. I n  addition, on the latter date, t here wer e exchange-traded 

co ntr act s wit h hi gher strike prices (exp ected i nt erest rates). A ver y 

plausible i nt erpret ati on of t his infor mation is that ,  o n  these dat es, the 

uncertainty wit h which agents viewed the market situation i ncreased and 

the rise in the i nt erventi on rat e  on March 14th, breaking the downward 

trend of recent mont hs, probably t ended to increase the di sp ersio n of 

exp ect ations i n  the market , failing to reduce the uncertainty t hen 

existing. 

At the time of the dat es chosen in 1 997 the econo mic situation was 

ver y different from that of Mar ch 1 995. In fact, o n  May 16th of t hat year, 

as a result of the healt hy i nflation outlook corroborat ed by the April CP I 

dat a, the B anco de E sp afi a  reduced its i nt ervention rat e  by 0. 2 5  

p ercentage pOint s, t o  5. 2 5%.  P rior t o  t his step by the central bank, 

i nterest rates in financi al markets had been falling, as a consequence of 

an i mprovement i n  the i nflation sit uation as p erceived by agents and the 

economy' s healt hy progress wit h  resp ect to the core EU countries. 

A s  i n  the previous case, the lower p art of Chart 1 1  sho ws a 

histo gram of the di stri butions of the probabi lity att ached to p ossible yi elds 

o n  the MIB OR-90 future wit h mat urity i n  June 1 997 on dat es preceding and 

following the int ervention, while Table 2 gi ves the estimati on of the 

di st ri bution function corresp onding to the day of the i nt ervention. U nlik e 
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Chart 1 1  
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i n  March 1 995, t he sum of proba bilities i n  t his ca se i s  equal t o  one, a nd t he 

proba bilit y distributions appear more symmetrical a nd concentrated around 

t heir mea n values (see lower part of Chart 8) . Moreover, a nd i n  contrast 

t o  the previous ca se, a reduction is discerned i n  the range of 

ex change-traded strike pri ces (fr om 1 2 5  to 1 00 basis point s bet ween May 

9t h and 16t h). A ft er the announcement of favourable CPI fi gures on May 

1 0th, the mar ket attached greater probabilit y to lower values of i nterest 

rat es and ,  a ccordingly, the mean va lues of ex pected rat es shifted 

d ownward s. Thus, the mean a nd t he median, whose values coi ncided, fell 

from 5.4%  t o  5. 2 % ,  a nd the mode fell from 5. 5% t o  5. 2 % .  The cut i n  the 

Banco de Espa na's i nt erv enti on rate on May 16th did no more t ha n  confirm 

the mar ket s' assessment of the sit uation, wit h no maj or changes in t he 

distribution of expectati ons bei ng di scerned .  

The above exa mples show how the i nformation gleaned from options 

on i nt erest rates can be of a ssi sta nce when a ssessing the i mmediate effect s 

of mov ement s  i n  i nteryention rates i n  the mar ket , going beyond what i s  

possi ble wit h  the usual i ndicators. 

5. SUMMARY AND CONCLUSIONS 

It ma y be concluded from thi s. st ud y t hat the market i n  options on 

the MIBOR�90 fut ure cont ains import ant information wit h respect t o  

ex pectations of short-run i nt erest rates. It ca n also be concluded that 

opti ons on.int erest rates are a useful tool of a nalysis for mohetary policy. 

I n  the Spanis h ca se, as i n  ot her ca ses -see Bank of England ( 1 997 ) - ,  such 

options provide· i ndicat ors which . contri but e additi onal .information 

compared to t hose already existi ng. 

The charact eri sation of the distribution of expectations of 

short-term i nt erest rates whi ch can be ded uced from the options market 

i s  i mporta nt for monetar y policy, bot h  from the point of view of it s d esi gn 

a nd its i mplementation, as it provides i nformation on the proba bilities 

which agents atta ch to t he possible valUes of fut ure i nt erest rates. 

The relationshi p  exi sti ng bet ween strike prices (t he i nterest rat es 

ex pected on the date of mat urity of the option) and the relat ed premiums 
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gives information on the characteristics of the distribution of agents' 
expectations. These characteristics have been estimated in this paper on 
the assumption, as is usual in this kind of study, that agents are 
risk-neutral. 

The information provided by the options market on the distributions 
of expectations can be extracted by various parametric and non-parametric 
methods -see Bahra (1 996 ) -. The differences between them basically stem 
from the use a priori hypotheses as to the stochastic processes which 
determine the behaviour of the observed and/or expected prices in the 
market . In this paper no such hypothesis has been formulated and, 
accordingly, no characteristic has been imposed on the density function 
for agents' interest rate expectations. The non-parametric approach 
chosen has been considered the most suitable as there is no preliminary 
information available on the information content of the Spanish market for 
options on interest rates. 

Non-parametric methods are based on the information contained in 
the function which relates J for a given underlying asset and a specific 
maturity, call option premiums to their respective strike prices. The 
distribution function of expected rates -which assigns probabilities to 
whether the level of the expected rate is less than or equal to a specific 
value- can be calculated from the first derivative of this function. The 
density function, which assigns to each strike price a certain probability 
mass, can be obtained from the second derivative. 

The continuous function between strike prices and premiums is not 
observed in the market, but only a discrete number of points pf the 
function. This means that it is necessary to approximate the 
characteristics of a continuous function from a discrete number of 
observed values, which makes calculation of the second derivative of this 
function very imprecise. Here it has been decided to calculate the 
distribution function from a linear approximation of the first derivative. 

The method used ensures that, if the number of strike prices 
available is sufficiently high and options premiums are well calculated, the 
distribution function obtained will have certain properties, e.g. that the 
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probabi lities c alc ulated are alw ays positive and that the s um of the 

probabi lities att ac hed to the various strike price intervals is equal to one. 

This paper has concent rated on an alysing options on the MIB OR -90 

fut ure at the d aily level for the period January 1 994 t o  May 1997 . 

The analysis has made it possible, first, t o  verify t hat the data 

observed permit c ert ain c haract eristics of the distributions of expect ati ons 

in the m arket to be estimated w hich are consistent with the d evelopments 

observed in the m arkets and with the inform ation provided by ot her 

indicators . Second ,  it has been possible t o  make a c omparis on of s ome of 

the estimated c haracteristics of the distri buti ons of expected interest rates 

at di fferent times and ,  more s peci fically, to analys e the effects on 

expectations of c han ges in the B anco d e  Espana intervention rat e  in 

great er dept h  than is possible using ot her indic at ors s uc h  as the rates 

implicit in the yield c urve or futures market rates . 

The m ain conc lusions laid bare by the an alysis are t hat , sinc e 1 994 , 

acc ordin g t o  the distri bution functions c alculated, the s ymmetry and 

c onc ent ration of the distributions of ex pected rat es have increased. This 

s uggests a reduction in the d egree of unc ert ainty with w hich the market 

views t rends in s hort -t erm interest rat es . This sit uation has been the 

res ult of a combination of various factors of an ec onomic t ype, whic h  

probably include the d esign and implement ation of monetary policy, 

against a bac kground of signific ant nominal con vergence of t he econom y  

iIi relation t o  the core EU count ries. 

The establis hment of Mon et ary Union and the creation of a single 

m oney market will unify agents' ex pect ations of s hort -t erm int erest rates 

in the various count ries . In t his framework the volum e of options cont racts 

on fut ures on s hort -t erm interest rates will foreseeably increase. 

C ons equent ly, the t ype of analysis presented in t his paper will gi ve a 

better approximation of t he c haract eristics of the distribution of the 

ex pectations of fin ancial agents. 

The res ults obtained gi ve ris e  to optimism as to the inform ati on 

w hich c an be d eri ved from an alysis of the options m arket and make its 
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extension to othe r kin ds of con tracts desi rable . In this respect, and 

within the framework of Mone tary Union, it will p rob ably continue to be 

useful to an alyse ,  for each country, op tions on futures on l ong-term 

inte rest rates , from which agents' e xpectati ons of long-term inte res t rate 

spre ads may be infe rre d. 
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ANNEX 1 .  Valuation of options . qosing prices 

As mentioned above, the options prices us ed i n  t his paper 

correspond t o  the c losing prices used daily b y  MEFF t o  value op en 

p ositions and t o  s ettle market members' losses and gai ns . 

C losi ng prices are very s uitable for several reasons .  First, the 

prices relat e to the same m om ent of time, which avoi ds distorti ons in the 

valuations of c ontracts owing to non-sim ultaneity of prices . Second, these 

prices, which are the mean, for eac h strike price and eac h  maturity, of 

t he prices obtained from a s urvey of a group of agents (v olati lity club ) ,  

avoid the valuations b ei ng based on transactions b et ween a gents wit h 

di fferent price expectations .  

For example, C hart A . 1 depicts t wo s ets of prices corresponding 

to the di fferent strike prices wit h a soli d  and a dotted line. It can b e  

assumed t hat the two s ets eit her corresp ond t o  the valuations of two 

di fferent a gents or els e corresp ond to market valuations at di fferent times . 

T he probabilit y assigned to the price of the underlyi ng asset b ei ng 

between t he strike prices 91 . 2 5  and 9 1. 50 is 40%" i n  both cases . Ha d the 

valuati ons us ed for the various strike pric es b een thos e  indicated wit h  the 

letters A J B, C and D in the C hart J the probability associated wit h the 

aforem entioned i nt erval would be only 20%. 

T he c losi ng prices us ed in t his paper can be i nterpreted as t hos e 

correspondi ng t o  one of the li nes depicted i n  C hart A -t hey refer t o  the 

same time- or as a mean, for eac h  strike price, of the valuati ons 

correspondi ng t o  the two agents - ei ght i n  the s urvey- wit h  di fferent 

expectations . Thes e prices are more s uitab le t han those c orresponding t o  

op erations at di fferent times or b etween different agents, as this examp le 

i llustrat es . 

13 T his probabilit y has been calc ulated using the non-param etric 
m ethod s et out i n  t his paper. 
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