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Violation of interest-rate parity: a Polish example
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Abstract

The mechanism of the so-called “Bagsik Oscillator” is presented and discussed. In essence, it
is a repeated exploitation of arbitrage opportunities that resulted from a marked departure from
the interest-rate parity relationship between the local Polish currency and the western currencies.
c© 2000 Elsevier Science B.V. All rights reserved.
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1. Introduction: arbitrage and forward contracts

Two extremely important concepts in modern �nance are the concepts of e�cient
market and no-arbitrage.

“A capital market is said to be e�cient if it fully and correctly reects all relevant
information in determining security prices. Formally, the market is said to be e�cient
with respect to some information set, if security prices would be una�ected by revealing
that information to all participants. Moreover, e�ciency with respect to an information
set implies that it is impossible to make economic pro�ts by trading on the basis of
[that information set]” [1].

The e�cient market hypothesis is, basically, a statement that the prices of �nancial
instruments behave randomly.

“A perfect market for a stock is one in which there are no pro�ts to be made by
people who have no special information about the company, and in which it is di�cult
even for people who do have special information to make pro�ts, because the price
adjusts so rapidly as the information becomes available” [2].
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Since the prices of �nancial instruments behave randomly, each person who owns any
particular instrument is exposed to the risk that as time goes by, that instrument may
be worth less than it was when it was purchased. Oftentimes, especially in business,
a company may know that at some future point in time, it is going to receive some
foreign currency. Since much of the company’s business may be carried out in some
other currency and it may have some expected expenses in that currency, the company
may not be comfortable not knowing what the exchange rate of the currency will be
at the future point in time when it receives the foreign currency. Consequently, the
company may desire to enter into an agreement with another company, a bank, for
instance, to convert the currency at the future point in time at an agreed upon price.
This is an example of the so-called forward contract, in this case a foreign-exchange
forward contract, or forex forward.

Clearly, if the future behaviour of the prices of �nancial instruments were deter-
ministic, i.e., were known today, there would be no need ever to conceive of such
contract. If the exchange rate for a foreign currency were known today, the company
would then know its cash ows exactly and, so, could plan with complete certainty.
Instead, it is the e�ciency of the market which causes risk and which can be lowered,
or as it is termed, hedged, using a contingent claim, in this case, a forward contract.

However, given that only today’s exchange rate is known, what is a reasonable price
for the future exchange rate? In order to calculate this, a second important concept of
modern �nance must be introduced. The concept of arbitrage and the fact that no
risk-free arbitrage opportunities exist in an e�cient market. Arbitrage is the simulta-
neous purchase of similar securities to take advantage of di�erent prices in di�erent
markets [3]. In other words, an arbitrage opportunity presents itself when a person can
make money with no, or in�nitesimal, risk to himself. An example of an arbitrage op-
portunity would be if the price of a share in IBM were trading at 90 USD in London
but at 100 USD a share in New York. In that case, a person could buy a share in New
York and immediately sell it in London and make a 10 USD per share pro�t. Clearly
if such were the case, everybody who was able to do so, would buy shares of IBM in
New York and sell them in London. As a result of this, the prices would very, very
quickly come to some sort of common equilibrium.

Most generally, an arbitrage opportunity will arise whenever the e�ciency of the
markets is violated, i.e., whenever it is possible to predict the future behaviour of the
price of a �nancial asset.

2. Interest-rate parity

Suppose we have some assets of value S0 on which we want to take a loan at a
foreign bank. Let the risk-free rate be rf. If we are to obtain the secured loan at the
time t1 against which we use our assets S0 as collateral and the loan will mature at
the time T , then the bank may give us

F1 = S0 exp[ − rf(T − t1)] : (1)



222 J. Przystawa, M. Wolf / Physica A 285 (2000) 220–226

If we now convert F1 to the local currency at the exchange rate k(t1), we obtain P1,

P1 = k(t1)F1 : (2)

Let us deposit P1 in a local bank that o�ers a rate r. Thus, at the time T we should
get

D1 = P1 exp[r(T − t1)] = k(t1)S0 exp[(r − rf)(T − t1)] : (3)

Ultimately, we will have to repay the foreign bank at time T ; however, there are
two possible strategies that we can pursue, namely we could enter into a forward
agreement for the foreign currency at present and secure an exchange rate (subject
only to counterparty default risk) or we could simply wait until time T and convert
the currency at the then spot price. This former amounts to hedging while the latter to
pure speculation.

Let us consider the former case, namely of hedging [3]. We now enter into an
agreement to guarantee us a spot rate k(T ) for the time T . What is a no-arbitrage
price for the exchange rate? Well, if we convert D1, at the exchange rate k(T ), we
obtain

M1 =
D1

k(T )
: (4)

In this case we would pay back S0 to the bank and calculate the pro�t:

W1 =M1 − S0 = S0

(
k(t1)
k(T )

exp[(r − rf)(T − t1)] − 1
)
: (5)

To make no pro�t, i.e., no arbitrage, on such a simple scheme, we must require

W1 = 0 : (6)

This gives the well-known interest-rate parity relationship (IRP) in the �eld of inter-
national �nance [4]:

k(T ) = k(t1) exp[(r − rf)(T − t1)] : (7)

It is worth drawing attention to the fact that this forward price is simply the arbitrage-
free forward price that any rational trader should use in order to avoid losing money.
There is no deterministic relationship between the forward price k(T ) and what the spot
rate will be on T . If the markets are truly e�cient this latter is unknowable a priori. If
someone were to know what the exchange rate was going to be on a given date in the
distant future, they could make enormous sums of money with this knowledge with a
suitable combination of short or long positions in the currency. To see let us assume
that rf ¡ r and that a certain person knows that the spot price on a given day T will
be k(T ), then there would be no need to enter into the forward agreement; rather this
person would be able to obtain the risk-free pro�t of

RiskLessPro�t =M1 − S0 = S0

(
k(t1)
k(T )

exp[(r − rf)(T − t1)] − 1
)
: (8)

If this were negative, he would be able to get a pro�t by simply reversing the procedure.
Either way, the knowledge of the exchange rate on a given day in the future is an
arbitrage opportunity which can be exploited to make a riskless pro�t.
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3. Financial pendulum

Of course, once one has certain knowledge about the future one can concoct a
scheme to magnify almost arbitrarily the risk-free pro�ts. Suppose, for example, that
instead of collecting W1 and going to another business we rather take a letter of credit
from the local bank for the amount M1, and, at the time t2 we take another foreign
loan

F2 =M1 exp[ − rf(T − t2)] : (9)

This being immediately transferred to our country, changed, at the rate k(t2) to the
local currency:

P2 = k(t2)F2 (10)

and deposited until T . We should then expect

D2 = P2 exp[r(T − t2)] = S0
k(t2)k(t1)
k(T )

exp[(r − rf)(2T − t1 − t2)] : (11)

At the time T , one may collect D2 and buy M2 of foreign currency at the rate k(T ):

M2 = D2=k(T ) : (12)

In such a way, after having paid back the loans S0 and M1, one is securing the pro�t

W2 =M1 +M2 −M1 − S0 =M2 − S0

= S0

(
k(t2)k(t1)
k2(T )

exp[(r − rf)(2T − t1 − t2)] − 1
)
: (13)

If one is in a position to repeat the above steps N times, the gain at the time T; should
be

WN = S0

(∏N
i=1 k(ti)

[k(T )]N
exp

[
(r − rf)

(
NT −

N∑
i=1

ti

)]
− 1

)
: (14)

4. The Bagsik oscillator

In 1990, in the midst of the complicated Polish economic situation, the Polish
National Bank introduced a �xed price for one dollar unit, which was 1 USD to
10 000 Polish zloty. As it turned out, this rate was to be maintained for about 2 years.
At the same time, presumably to curb ination, the interest rates for deposits in Polish
banks approximated 100% per annum. Such a situation created unheard of arbitrage
opportunities.

To visualize this let us put in Eq. (3:6)

k(ti) = k(T ) ; for every ti ¡T : (15)
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Table 1
E�ciency of the oscillator (4:4) for T = 1 year

N Year 1990; rf = 0:8, Year 2000; rf = 0:14,
r = 0:1 r = 0:04

1 1.0138 0.1052
2 1.8577 0.1618
3 3.0552 0.2214
4 4.7546 0.2840
5 7.1662 0.3499
6 11.807 0.4191
7 15.445 0.4918
8 22.336 0.5683
9 32.115 0.6487

10 45.993 0.7333
11 65.686 0.8221
12 93.020 0.9155

This way the formula for WN simpli�es to

WN = S0

(
exp

[
(r − rf)

(
NT −

N∑
i=1

ti

)]
− 1

)
: (16)

Let us assume, for simplicity, that the oscillator steps are taken at regular time intervals:

tk = (k − 1)T=N : (17)

This gives

WN
S0

= exp[(r − rf)(N + 1)T=2] − 1 : (18)

As we can see the actual exchange rate is totally irrelevant and the gains depend only
on di�erence of the bank interest rates and the number N .

Table 1 provides examples of how this mechanism could be exploited. The second
column gives values of WN=S0 corresponding to the �nancial realities in Poland in the
year 1990, and the third column corresponds to the year 2000. The interest rates rf
and r are taken from the o�cial announcements of the PKO Bank, at the beginning
of 2000.

The results of such �nancial machinations are possible due to the knowledge of the
spot price on a day in the future which then makes irrelevant the interest-rate parity
relationship stated in Eq. (2:7). Fig. 1 presents relation (2:7) for the interest rates of
the year 1990. If, at the beginning of 1990, the price for 1 USD was 10 000 zl, then,
to observe (2:7), by the end of that year one dollar should have cost over 20 000 zl.
A gigantic arbitrage opportunity emerged from the fact that this exchange rate was
maintained constant throughout that year. Fig. 2 shows a similar curve for the year
2000. It is not yet known, however, how serious will the departure from the relation
be (2:7).

Some examples of exploiting the arbitrage opportunities in the years 1990 and 1991
in Poland were presented and described in Ref. [5].
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Fig. 1. The plot of the rate of exchange of Polish zloty to US dollar as predicted by (2:7) for the year 1990.
Here we took r = 0:8; rf = 0:1, the initial rate was 10 000 Polish zloty per dollar.

Fig. 2. The plot of the rate of exchange of Polish zloty to US dollar as predicted by (2:7) for the year
2000. Here we took rf = 0:14; r= 0:04, the initial rate was 4.14 new Polish zloty (PNL) per dollar (the new
Polish (PNL) was introduced in the year 1995: 1 PNL = 10 000 old Polish zloty).
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