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“Empirical Issues of Foreign Exchange Risk Management with

Futures Contracts”

by Sevasti D. Kaplanoglou

ABSTRACT

In the present thesis, dynamic risk management solutions are developed for the
eftective hedging of exchange rate risk with futures contracts in single and multiple
currency positions. The theory of hedging and the motives for corporate hedging are
presented, along with the existing evidence on foreign exchange risk management.
Dynamic hedging models are derived, that account for the limitations of the related
empirical studies. The portfolio effects on the hedging effectiveness of a model are
studied empirically for a multicurrency hedging problem. A multivariate GARCH-X
model 1s applied to the spot and futures exchange rate returns of four major currencies
and dynamic hedge ratios are derived. The hedging efficiency of the dynamic
portfolio hedge ratios, measured by both risk and utility performance, 1s supported in
sample and out-of-sample. An additional empirical i1ssue 1s the assumption of non-
stochastic interest rates 1n the futures hedging problem, that is relaxed and, a dynamic
model accounting for basis risk and the marking-to-market effect on the hedge ratio 1s
estimated for the four major currencies. In-sample and out-of-sample comparisons of
the basis risk dynamic model and the simple GARCH-X dynamic model reveal
substantial gains in terms of utility and risk reduction for the hedger who accounts for
basis risk in his combined spot-futures position. Finally, the cross hedging problem in
the foreign exchange market 1s examined 1n a dynamic context for a spot portfolio of
five EMS currencies with strong implications for the role of the German currency in
the EMU and the hedging potential of spot positions in the Euro. In all cases, the

evaluation of the proposed hedge ratios 1s supported by both ex post and ex ante

measures of utility and risk.
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CHAPTER 1: Introduction

Exchange rate uncertainty plays an important role in the economics of capital
markets since currency movements affect the returns on foreign investments and
the monetary transactions of multinational corporations. Hedging currency risk
with futures contracts results in substantial risk reduction in foreign portfolios and
ensures that internal funding 1s available in the firm for value enhancing
investments. However, the success of a risk management strategy depends on the
correct specification of the optimal hedge ratio. The present study is motivated by
the limitations of the existing empirical studies on hedging to account for the
empirical regularities that are present in exchange rate and interest rate data,
leading to uncovered risk and limited effectiveness of the proposed hedging
solutions. The contribution of the present thesis to existing financial research lies In
the development of dynamic foreign exchange risk management solutions under
realistic scenarios adapted to the existing conditions in international financial
markets. The empirical issues considered could help financial managers organize
effective hedging programs that lead to higher utility for the investors and

increasing value for a corporation.

The empirical questions answered 1n the present study are derived on the basis of
their effect on the derivation of the optimal hedge ratio with currency futures. The
bulk of evidence on currency risk management involves, with a few exceptions, the
hedging problem of single spot currency positions. However, international
investment creates exposures in more than one currency, thus leading to the
problem of hedging multi-currency positions. This empirical issue 1s investigated in
the present thesis in a dynamic portfolio context in order to detect difterences in the
size and the performance of the hedging demands dertved when porttolio eftects
are accounted for in a hedging problem. The analysis extends the existing empirical

studies by examining the effect of the transaction costs on the decision of

rebalancing the hedged porttolio.




Second, the assumption of non-stochastic interest rates, followed by the majority of
empirical studies on hedging, is not realistic in the presence of the high volatility of

interest rate data. On the basis of the cost-of-carry futures pricing model, basis risk
1s due to uncertainty created by stochastic interest rates and the daily marking-to-
market feature of futures contracts. A hedge ratio for foreign currency positions
that ignores interest rate risk, may lead to unhedged risks and limited hedging
effectiveness. In the present study, the effect of stochastic interest rates on the
optimal currency hedge ratio is investigated for four major currencies, the British

Pound, the German Mark, the Swiss Frank and the Japanese Yen in a dynamic

context.

The increasing development of international trade and the international capital
mobility create significant exchange rate risk not only for major but also for minor
currencies, without active derivative markets. Extending the existing evidence into
a dynamic portfolio framework, the present study examines the cross-hedging issue
In the foreign exchange market from the perspective of an EMS currency portfolio.
Additionally, the empirical regularities of the recently trading European exchange

rate, the Euro, are studied for the development of the appropriate cross hedging

model.

In Chapter 2, the hedging concept of the futures markets 1s analyzed both from an
investor’s as well as from a corporate standpoint. A brief review of the existing
instruments for hedging is made as well as of the incentives for corporate risk
management. The major theories of hedging are then presented including an
analysis of their strengths and limitations. The optimal hedge ratio i1s defined and
its relation to basis risk is examined. The traditional hedging theory is extended
into a portfolio context and the assumption of non-stochastic interest rates is
relaxed. The issue of cross hedging i1s also addressed for single and multiple
currency positions. On the basis of this analysis, the empirical 1ssues of the present

thesis are raised and the review of the existing empirical evidence 1s presented.

The empirical issue of hedging multi-currency positions 1s addressed in Chapter 3,
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where the limitations of the existing studies on portfolio hedging are considered in

terms of the dynamic specification of foreign currency returns and the cointegration

existing between spot and futures prices. A GARCH-X specification accounts for
the effect of the disequilibrium in the previous period on both conditional moments
of the exchange rate. To the best of my knowledge, no previous study deals with this
empirical issue in the hedging context. The main point in this analysis is that
different hedging demands are derived when portfolio effects are considered than
when these effects are ignored. This finding has a further effect on the hedging
performance of the two different strategies with the portfolio hedge ratios being

more effective than their no-portfolio counterparts.

The effect of stochastic interest rates on the development of the optimal currency
hedge ratio is the subject ot Chapter 4. The intertemporal hedge ratio for basis risk
and marking-to-market as derived by Chang, Chang and Fang (1996) is extended
into a dynamic setting and estimated for the four major currencies. It is assumed
that a default-free domestic discount bond 1s used as a hedge for the interest rate
risk of the futures positions since the interest yield or paid on the margin account is
expressed in terms of the domestic interest rate. 7o the best of my knowledge, no -
previous effort has been made so far to model spot, futures exchange rates and
interest rate series into a dynamic setting in order to jointly hedge exchange rate
and interest rate risk. In sample and out of sample comparisons of the basis risk

and the traditional model are performed in terms of variance reduction and utility

performance.

The cross hedging effectiveness of the BP, JY, DM and the SF futures contracts for
a multi-currency EMS portfolio is the empirical issue mvestigated i Chapter 5.
Additionally, the increasing power of the German Mark in the EMS countries 1s
examined from the perspective of the hedging problem. The model developed in
this chapter is innovative both in terms of multi-currency hedging as well as a
dynamic specification of minor currency returns for hedging purposes. The
conclusions to this analysis have strong implications for hedging European
currency risk since the spot EMS portfolio can replicate the Euro as a basket of

currencies. Additionally, a small dataset is collected for the recently trading Euro




and the hedging effectiveness of major futures contracts is compared with the Euro

futures contract.

Finally, the thesis concludes with Chapter 6, where the empirical findings of the

previous chapters are summarized with suggestions for further research.




CHAPTER 2: Foreign Exchange hedging with futures contracts:

theoretical issues

Section A: Introduction

The increasing volatility of financial returns and the substantial growth of the
derivatives markets are the major characteristics of international financial markets
over the last two decades. Increased foreign investment motivated by the need for
international diversification and combined with the extremely high volatility of
exchange rates, has created significant foreign exchange risk for foreign currency
denominated porttolios. The need of an international investor to hedge foreign

currency risk 1s straighttorward. Futures contracts are one of the most commonly

used derivative instruments for hedging in the financial markets.

In Section 2.1 of the present chapter, the theoretical aspects of the futures markets
are reported along with their use in the management of foreign exchange risk. In
Section 2.2, the corporate incentives for hedging are analyzed in terms of the value
of the corporation and the wealth of its shareholders. The existing empirical
evidence on the corporate use of foreign exchange (FX) derivatives implies strong
motivations for FX risk management. In Section 2.3, the traditional theories of
hedging are presented, as introduced by Johnson (1960) and Ederington (1979), as
well as more recent hedging theories based on the corporate definition of risk and
the risk-return tradeoff. The limitations of the naive method are reported as
evidenced by existing empirical studies. The derivation of the optimal and the risk
minimizing hedge ratio is presented as well as its relation to basis risk. However, it
is shown that existing theories suffer from many limitations created by the time-
varying distribution of exchange rates, the stochastic properties of interest rates as
well as the degree of correlation between currencies and futures contracts.

Empirical issues thus arise in the development of appropriate hedging models for

the effective risk management of foreign currency positions.




First, hedging multi-currency positions creates portfolio effects arising from the
covariance between spot currencies and futures returns, resulting in different
demands for futures contracts relative to the case of a single currency position. The
theoretical framework for the risk management of multi-currency portfolios as well
as the existing empirical evidence are presented in Section 2.5 of the present

chapter while the effectiveness of portfolio hedging is examined empirically in

Chapter 3.

Second, in the presence of the substantial interest rate volatility, the assumption of
non-stochastic interest rates 1s not realistic when hedging with futures contracts. In
Section 2.4, the cost-of-carry futures pricing model is used in order to show that
basis risk i1s due to uncertainty created by stochastic interest rates and the daily
marking-to-market feature of futures contracts. The eftect of interest rate risk on
the optimal currency hedge ratio 1s discussed in the present chapter while the same

1Issue 1s analyzed empirically in a dynamic framework in Chapter 4 ot the present

thesis.

Finally, the effectiveness of cross hedging minor currency risk with major
currencies futures contracts depends primarily on the degree of correlation between
major and minor currencies. In Section 2.6 of the present chapter, the review ot the
literature on cross hedging is presented as well as the basic limitations of existing
empirical studies. On the basis of this analysis, a hedging model 1s developed 1n

Chapter 5 for an EMS spot portfolio as well as a spot position in the single

European currency.

10




Section B: Theoretical Analysis

(2.1) Foreign exchange risk management: definitions and instruments

Currency risk 1s defined as the variance in the value of future cash flows arising
from currency fluctuations. In a fixed exchange rate regime, a pegged currency 1s
one whose value is set by the government. In this case, currency risk is small since
small deviations are allowed for the exchange rate from its stated par value.
Alternatively, 1n a floating exchange rate regime, the equilibrium between supply
and demand for currencies in the foreign exchange market determines the exchange
rates as market clearing prices. Since the early 1970°s, many exchange rates have
been tloating instead of fixed, exhibiting high volatility as most financial returns.
The increasing exchange rate volatility, combined with substantial increases in the
volume of international trade, has led to significant foreign currency risk for most

international monetary transactions.

Most economic agents face exchange rate risk if they have foreign currency
denominated cash flows. Large corporations are subject to foreign currency
exposure arising from exports, imports of raw materials or capital equipment, or
foreign borrowing or lending. Additionally, international investors face foreign
exchange risk since the returns to their foreign investments depend not only on the
risk associated with investing in the specific securities market but also on the risk
of adverse price movements in the exchange rates. Currency movements affect
returns on foreign denominated bonds and stocks both directly and indirectly. The
direct 1mnfluence 1s due to the fact that these returns must be translated from foreign
to domestic currencies. The indirect effect is due to the reaction of asset prices to
exchange rate adjustments. Jorion (1994) shows that significant under-performance

in foreign portfolios is evident when their optimization is performed separately for

the two effects in the form of “currency overlays”.

Foreign exchange risk management refers to actions that reduce the probability of

bearing a monetary loss due to exchange rate changes. One way of reducing
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currency risk 1s to create a well-diversified portfolio of currencies, so that the losses
In one currency being offset by the gains in another currency. However.

diversification eliminates only the unsystematic (diversifiable) risk of the portfolio

while the market risk of the portfolio still exists and cannot be diversified away. On

the contrary, hedging can reduce the systematic (undiversifiable) risk of the spot
portfolio. Hedging means taking a position, such as acquiring a cash flow or an
asset or a contract that will rise in value and offset a decrease in the value of the
underlying position, therefore protecting the owner of the existing asset from loss.
In this way, the mamtenance of a well-diversified spot currency portfolio is ensured
since any decreases in its value due to adverse exchange rate movements can be
controlled with hedging and not with selling the spot currencies. However, a basic
disadvantage of hedging is that it eliminates potential positive returns arising from

a tavourable change in the value of the spot position.

Perold and Schulman (1988) show that with a naive currency hedge, U.S. investors
can achieve a further risk reduction of similar magnitude as the reduction achieved
by international diversification in the first place. The authors characterize currency
hedging as a free lunch since, as it is on average a zero expected return strategy, it
leads to risk reduction without cost. However, Adler and Prasad (1992) and Jorion
(1994) show that a naive hedge 1s optimal only when the foreign investment returns
in domestic currency are uncorrelated with exchange rates and at the same time
expected returns on foreign bonds are equal to zero. The former authors derive a
universal currency hedge ratio that is defined as the demand by any investor of a
proportion of a hedge portfolio, that contains positions 1n all foreign bonds and the
domestic bond, per unit of his spot portfolio. This approach extends the theoretical
work of Black (1990) in the sense that it relaxes the assumption of equal risk
tolerances for all investors. Indeed, Abken and Shrikhande (1997) find that the
degree of risk aversion of the individual vestor plays a significant role n the
development of the optimal hedge ratio. However, Filatov and Rappoport (1992)
show that the optimal hedging policy 1s a function of the domestic currency of the
investor and the composition of his portfolio. The results provided by Glen and

Jorion (1993) and Beltratti, Laurent and Zenios (1999) support the latter
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conclusion, ruling out the existence of a universal currency hedge ratio.

Additionally, it is worth noting that conflicting evidence is provided in the role of

hedging in a currency crisis. According to Krueger (1996), the main source of
capital outflows in a currency crisis is hedging and not speculation. Domestic
Investors with foreign debt and foreigners with local currency investments tend to
close their open foreign exchange positions when confidence to the weak currency
1s reduced. As Garber and Spencer (1995, 1996) state, in a currency crisis, the
sales of the weak currency are met by the central bank that defends the exchange
rate regime with forward purchases of the currency. However, if its foreign
exchange reserves are not sufficient for the defense of the domestic currency, the
central bank raises the discount rate, thus preventing further sales by increasing the
interest costs of the investors that are short in the domestic currency. However, the
same authors recognize that dynamic hedging is a widely used strategy that can
explain a large part of trading volume and price changes in the foreign exchange
market. In this sense, being based on the option pricing formula ot Garman and
Kohlhagen (1983), they show that, under the assumption of constant exchange rate
volatility, a rise in the interest rate can lead to further sales of the domestic
currency through an increase in the dynamic hedge ratio. The final result would be
the unsuccessful interest rate defense of a fixed exchange rate regime. However, as
Krueger (1999) shows, in a currency crisis, volatility increases sharply, thus
reducing the effect of the interest rate on the hedge ratio. Additionally, bid-ask
spreads become extremely large making dynamic hedging strategies very costly.
We can conclude that the usefulness of a foreign exchange risk management
program is limited in the presence of a currency crisis. However, this is a minor
result since a currency crisis is considered as an extreme event that should be
accounted for separately. The substantial risk reduction, provided with hedging in

periods of high exchange rate volatility, is evident in most empirical studies on

currency risk management.

The derivative securities or contracts are used as hedging instruments in the sense

that their payoff depends primarily on the price of the underlying asset. The foreign
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exchange derivatives are contracts whose payoff and value is a function of the
underlying exchange rate. An agent with a foreign currency exposure can hedge his

spot position by taking an opposite position in the derivatives market. The payoff to
the derivative 1s added to the cost or return of his spot position. The advantage of
trading in the derivatives market lies in the difficulties existing in the cash market
such as the low liquidity, high transaction costs, short-selling restrictions, execution
problems, internal policy or government regulations and credit risk. High
tradability and liquidity characterize derivative contracts, since large positions can
be traded without attecting prices, as well as high leverage, since only a small cash
down payment 1s sufficient for very large gains. They can easily substitute for a
cash position, since the transaction costs are lower 1n the derivatives market and the
orders can be executed more quickly. The most commonly used derivatives for

hedging foreign currency risk are forwards, futures, options and swaps.

A foreign exchange forward contract is a private agreement made today to
purchase or sell a pre-specified amount of foreign currency in exchange for
domestic currency, on a future date and at a fixed exchange rate. A forward
transaction has a unique time to maturity and it is used in order to hedge a cash
flow in foreign currency for a short period of time. On the contrary, a foreigr
currency swap can be described as a series of forward contracts over multiple
periods and it can be used in order to hedge foreign currency cash flows for longer
horizons. Both contracts are traded in the over-the-counter (OTC) market mn the
sense that they are private agreements between banks and corporations and they are

tailor-made to the specific needs of the client.

On the other hand, futures and options contracts are traded in organized derivatives
exchanges that provide a central location where buyers and sellers make bids and
offers for contracts with delivery in later months. A currency futures contract 1s a
standardized agreement between a buyer and a seller, specifying a trade in the
underlying spot currency for a given quantity at a specific time for an agreed
exchange rate. Currency futures contracts are traded in the International Monetary

Market (IMM) that is a division of the Chicago Mercantile Exchange and it was
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founded in 1972. The currency futures traded on the IMM include Canadian
Dollars, Australian Dollars, French Francs, Dutch Guilders, Mexican Pesos, British
Pounds, Swiss Francs, German Marks and Japanese Yen. However, only the last
four contracts are actively traded. Currency futures are also traded in London
(London International Financial Futures Exchange) and Singapore. The delivery
months of these contracts are March, June, September and December. The actual
delivery of the underlying asset does not take place very often since, usually,
market participants take offsetting positions before the expiry date of the contract.
However, the possibility of delivery makes the spot and the futures price of the
same asset move together with the futures price being equal to the spot price at the
maturity of the futures contract. The equality of the two prices on the delivery date
of the tutures contract is due to arbitrage forces that exploit any profit opportunities

by buying the cheap asset and selling the expensive one.

Although forwards and swaps are widely used in the foreign currency market, a
rapid growth is observed in the futures market over the last decades. This is due to
the fact that exchange traded contracts have standardized terms, concerning the
underlying asset, the contract size, and the exact time and place of delivery. Except
for standardization, futures contracts differ from forwards in the range of delivery
dates they provide and the possibility of closing out a position before the maturity
of the contract. Additionally, the moral hazard problem of OTC products is not
present in the futures market due to the existence ot the margin requirements. The
buyer of the futures contract is required by the exchange to deposit cash, called
initial margin, In a margin account as an insurance against adverse futures price
movements. The daily marking-to-market refers to the adjustment of the margin
account at the end of each trading day, for any gains or losses in the futures
position. If the balance in the margin account falls below a certain amount, called
maintenance margin, the owner of the futures contract receives a margin call 1.e. he
is required by the exchange to deposit additional funds in his margin account n

order to cover the loss of his position. If he fails to do so, the broker closes out his

position by selling the contract.
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Futures contracts are zero-value mvestments since no up-front cost is required at
their initiation. The margin requirements do not represent a real cost for the
investor since, usually, he i1s allowed to earn interest on the balance of his margin
account. The daily marking-to-market of futures contracts is, in effect, a daily
settlement and 1t maintains their zero value at the end of the trading day. On the
contrary, any gains or losses i a forward position are realized at the end of the life
of the contract since forward contracts are settled at their maturity. A conclusion
arising from the previous analysis is that the major difference between futures and
forward contracts is the marking-to-market effect. Although no financing cost
exists for the initial margin of futures contracts, any daily losses on the futures
position must be paid or financed, resulting in an uncertain financing cost as a
function of the variance of the futures price. In the following sections, it will be
shown that the uncertainty arising from the marking-to-market effect ot futures
contracts depends on the uncertainty on the interest rate used to finance the futures
margins. Additionally, any differences between futures and forward prices are

explained by the correlation between interest rates and spot prices.

A currency option contract is a standardized agreement for the right but not the
obligation to deliver (put option) or take delivery (call option) of an amount of
foreign currency at a fixed exchange rate, the strike rate, in exchange for domestic
currency. In this case, the owner of the option will buy (sell) the foreign currency
only if the agreed exchange rate (strike price) is lower (higher) than the prevailing
market rate. In other words, the currency option contract serves as an msurance

against adverse currency movements while it still allows the option holder to

benefit from favourable currency movements.

It is straightforward that the participant in the options market is subject to limited
loss relative to a futures holder since the latter is obliged to realize the agreement
before or at the expiration of the contract irrespective of the prevailing spot price of
the underlying asset. However, the insurance provided by the option contract does

not come at zero cost since an option premium must be paid in order to enter the

option market. On the contrary, as it was stated in the previous paragraph, no up-
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front cost is required at the initiation of a futures contract except for margin
requirements. The choice between options and futures contracts depends on the

needs of the specific investor and it 1s beyond the scope of the present study.
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(2.2) Incentives for hedging: a corporate approach

One of the major roles of management in financial and non-financial institutions is
to maximize the aggregate net present value of the firm’s cash flow. The firm’s
value increases with assets of positive net present value while it decreases with
assets of negative net present value. Every firm is operating in two markets: the
product market and the capital market. Product market decisions include decisions
about prices, marketing, operating systems, labor costs, technology, quality.
product distribution and strategic management. Capital market decisions provide
the tirm with the necessary financial instruments in order to increase the net present
value of its aggregate cash flows. In both markets the firm faces currency risk i.e.
the risk of exchange rate volatility that affects the firm’s assets and liabilities
denominated in foreign currencies. One way of coping with exchange rate risk is
avold 1t by refusing risky transactions, like exports or foreign investments.
However, bearing a certain amount of risk compensates the firm with significant
revenues. Another way of facing risk is try to hedge it with the use of derivative
instruments. The substantial increase in the volume of trade in the derivatives
markets indicates that corporations and financial institutions are the major
participants. Since the i1ssue of speculation, as a motive for the corporate use of

derivatives, is ruled out by most empirical studies, it is worth examining the

motives for corporate hedging.

According to the Modigliani and Miller theorem (1958), in perfect and complete
capital markets, the overall firm value depends on the quality of the mvestments of
the corporation that add value to the firm’s operating assets, and 1s independent of
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