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(ABSTRACT) 

This study investigates the simultaneous use of interest rate and currency futures mar- 

kets to hedge the exchange and interest rate risks faced by banks. Banks in this study 

accept short-term variable rate deposits, hold many different foreign currencies, and 

make long-term fixed rate loans. The expected utility maximization model shows that 

in a two-period framework the bank’s optimal simultaneous hedge ratios for risks asso- 

ciated with exchange rate, interest rate, and anticipatory positions are given by the co- 

efficients of the theoretical multivariate multiple regression of returns from trading the 

(spot) instruments being hedged on those from trading the futures contracts. Unlike 

previous studies, capital adequacy is shown in this study to be an important factor de- 

termining the bank’s optimal futures position. The bank’s decisions on loan extensions 

and interest rate futures positions are shown to be affected by the existence of foreign 

exchange operations and the availability of foreign currency futures contracts. It is also 

shown that the (optimal) hedging decisions anticipated for later time periods influence 

current decisions, which implies that hedge positions are intertemporally dependent. 

Based on the theoretical analyses, five testable hypotheses are derived: (1) Capital ade- 

quacy irrelevance hypothesis, (ii) Naive-single market hypothesis, (111) Own market hy- 

pothesis, (iv) Intertemporal position irrelevance hypothesis, and (v) International



banking hypothesis. These hypotheses are tested using the generalized method of mo- 

ments procedure. The empirical results show that (a) capital adequacy is highly relevant 

for the bank’s decision on optimal futures positions, (b) it is not optimal for the bank 

to take a naive position in the corresponding futures contracts to hedge a specific type 

of spot position, (c) cross-hedging is necessary to increase hedging performance, (d) the 

bank’s anticipated positions in foreign currency spot and futures contracts next period 

affect the current decisions on optimal spot and futures positions, and (e) international 

banking activity, as it is interrelated with domestic and international credit markets, 

must be considered when the bank makes decisions on optimal futures positions. 

Finally, the optimal hedge ratio estimates demonstrate strong evidence that banks 

should use the futures markets to a substantially greater extent for hedging overall 

market risk compared to when they hedge each component of market risk separately.



Acknowledgements 

This dissertation would not have been completed without the help of a large number of 

people. First and foremost, I am enormously indebted to my chairman, Dr. George 

Morgan, for his total commitment to this study. From the outset of this study, he has 

been a constant source of ideas, support, and encouragement. He has read the manu- 

script at least as many times as I have, caught many inconsistencies and errors, and 

provided enthusiastic guidances for various parts of this study at different stages in its 

development. His sincere concernment will be firmly retained in my memory through- 

out my life. I am also deeply indebted to the remaining members of my committee, Dr. 

Dana Johnson, Dr. Robert Mackay, Dr. Dilip Shome, and Dr. Raman Kumar, for their 

encouragement and support. The financial support for this study of VPI & SU’s Center 

for Study of Futures and Options Markets and of the Cunningham Dissertation Fel- 

lowship Committee is gratefully acknowledged. 

I owe a great deal of gratitude to all the other faculty members of Finance Department 

whose quality teaching has become the buttress of this study. I must thank my friends, 

Changyeol Joh and Gyou Bong Lee, for their valuable computer assistance throughout 

Acknowledgements iv



FORTRAN programming and figure drafting. I am also grateful to my classmate, John 

Shao, for his friendship over the course of this program. 

I am deeply grateful to my parents and mother-in-law who although far away in Korea 

have provided dedicated support and encouragement. The largest thanks, of course, 

belong to my wife, Soo-Hee Mun, and my lovely sons, Tae (Thomas) and Dong 

(Daniel), who have patiently put up with all the difficulties and inconveniences that they 

have been subjected to during the lengthy period of time for my doctorate. 

Acknowledgements y



Table of Contents 

INTRODUCTION 2.0... . cece ccc ce ee eee eee ee eee eee eee eee e eee eect eees 1 

1.1 Background 20... kc cc ee eee ee eee e teen eet eee n eens 1 

1.2 Motivation of the Study 2.0... , ce eee eee teen eee ees 2 

1.3 Literature Review 2.0... 0. cee eee eee eee ene e teenies 4 

1.4 Overview of the Study 2.0... cece teen tenet eee e eens 8 

1.5 Theoretical Findings 2.0.0... 0... 0... ccc ccc ee eee eee eee ene eeens 12 

1.6 Empirical Findings ....... 0.00. ee ee ete ene e nee anns 13 

MODEL FRAMEWORK .... 2... ccc eee eee eee eee ee eee eee e teens 15 

OPTIMAL SPOT AND FUTURES POSITIONS ........ 0... ccc ee cee eee eens 26 

3.1 Optimal Foreign Currency Assets and Futures Positions at Time 1 .............. 30 

3.2 Optimal Spot and Futures Positions at Time 0 «1... cee ee ees 36 

3.3 An Analysis 2.0... .. cece ce ee ee ee ee eee tenn e eee eee nees 43 

COMPARATIVE STATIC ANALYSIS 2.0... . ccc eee eee eee eee e eee eee eees 47 

4.1 Effect of Introducing Spot Foreign Exchange Operations on Loan Extensions ...... 48 

Table of Contents vi



4.2 Effect of Introducing Currency Futures Markets on Interest Rate Futures Position ... 54 

EMPIRICAL ANALYSIS 2.0... ccc cc ec ee eee eee ee eee eee ete e ee eees 57 

5.1 Econometric Issues 2.0... 0. ce ce een eee eee eet e ne ene 57 

5.2 Estimation Issues 2... 0... cee ec ee ee eee eee e ene ee eens 60 

5.3 Data and Methodology .... 0... 0. cece eee te eee ee ne eens 65 

5.3.1 Descriptive Statistics ... 0 ccc ee ee eee eee eee ees 65 

5.3.2 The Estimation of Optimal Hedge Ratios ......... 00... cee ee eee 66 

5.3.3 Hypothesis Tests .... ccc eee ee ee eee teen eee ens 69 

5.4 Empirical Results 0... 0... ccc ee ee net eect eee t eee nn ees 74 

5.4.1 Point Estimates of Optimal Hedge Ratios ........... 0... eee ee eee 75 

5.4.2 Results of Hypothesis Tests .... 0... cee cece ee eee eee 79 

CONCLUSION 2... ccc ccc ec cee eee eee ee eee eee eee eee nee eee sees 83 

APPENdIX 2... ccc cc ce eee ee eee eee eee eee eee ee eee eee eee eet eee ee eees 92 

REFERENCES 2... cc ce ce cee eee een eee ee ee eee terete eens 116 

Vita Ce cece cer ee we eee eee eee eee er eee ee eee eee ee eee eee e terete enes 121 

Table of Contents Vii



List of Illustrations 

Figure 

Figure 

Figure 

Figure 

Figure 

Figure 

Figure 

Figure 

. Interest Rates ...... cc ee ee ee ee ee tee ee ee eens 94 l 

2. Foreign Exchange Rates ....... cece cee ee ee eee eee eee 95 

3. Interest Rate Futures Rates (90 days) 2... . cece ee eee eee 96 

4. Foreign Currency Futures Rates (90 days) ........ 0. cee eee eee 97 

5. Variability of Interest Rates .... ccc cece ee ee ee ees 98 

6. Variability of Foreign Exchange Rates ......... 0c cece eee eee 99 

7. Variability of Interest Rate Futures Rates (90 days) ............4. 100 

8. Variability of Foreign Currency Futures Rates (90 days) .......... 101 

List of Illustrations Vili



List of Tables 

Table 1 

Table 2. 

Table 3. 

Table 4. 

Table 5. 

Table 

Table 

Table 8. 

Table 9. 

Table 10 

Correlation Coefficients of Quarterly Interest and Foreign Exchange 
Rates coerce eee ee ee eee ee ee eee eee eee eee 102 

Correlation Coefficients of Quarterly Interest and Foreign Currency Fu- 
tures Rates (90 days) . 0... cece ee ee eee ee eee 103 

Optimal Hedge Ratios from SUR Estimation ................08- 104 

Optimal Hedge Ratios from GMM Estimation ..........00 eee 107 

The Result of Wald Test of Capital Adequacy Irrelevance Hypothesis . 110 

. The Result of Wald Test of Naive-Single Market Hypothesis ........ 111 

. The Result of Wald Test of Own Market Hypothesis ............. 112 

The Result of Wald Test of Intertemporal Position Irrelevance Hypoth- 
TS Cr rr 113 

The Test Results of International Banking Hypothesis ............ 114 

Currency Futures Market Premia and Discounts ................. 115 

List of Tables ix



Chapter 1 

INTRODUCTION 

1.1 Background 

The greater integration of economies throughout the world in the past two decades 

has made it imperative that U.S. companies maintain a global perspective on their 

competition and their markets. The creation of a single integrated market by the 

European Community (EC) in 1992 highlights the need for flexibility and international 

financial planning by U.S. companies. As bank customers have increased their interest 

in and consideration of foreign markets, banks have found it necessary to maintain an 

active presence in the foreign exchange market in order to offer a more competitive ser- 

vice to a growing customer base and to take advantage of the profit opportunities per- 

ceived in fluctuating exchange rates and interest rates. However, with the expansion 

of international financial relationships and the continued liberalization of cross-border 

cash flows, financial institutions become more and more exposed to the risks associated 

with international transactions. 
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Financial exposure (or market risk) of banks operating in the foreign exchange market 

can be separated into two broad categories: interest rate exposure and foreign exchange 

rate exposure. Interest rate exposure arises when financial assets and liabilities have a 

mismatch in maturity or when interest rates of assets and liabilities of the same maturity 

are not perfectly correlated, or when floating rate financial commitments create uncer- 

tainty with regard to future cash flows and there is an unexpected change in the level 

of interest rates. Exchange rate exposure occurs whenever the bank has a positive (or 

negative) net asset position in a particular foreign currency subject to an unexpected 

fluctuation in exchange rates [See, Brodt (1984)]. If foreign currency assets are greater 

(smaller) than liabilities, an appreciation (depreciation) in the foreign currency generates 

profits (losses). In times of volatility in interest rates and foreign exchange rates, an 

excessive financial exposure can have a very significant impact on an institution’s fi- 

nancial performance, and consequently financial exposure requires management’s con- 

stant attention. 

1.2 Motivation of the Study 

The development of forward and futures markets has provided financial intermediaries, 

among others, with a vehicle for hedging against unanticipated changes in exchange and 

interest rates. In fact, a number of large U.S. banks have been actively engaging in 

transactions of both interest rate futures and foreign exchange forwards/currency fu- 

tures. Banks need flexible ways to hedge funding costs and foreign exchange exposure 

and have responded to the growing sophistication of the financial markets [See annual 

reports of large banks]. Numerous studies have, in great detail, examined the issue of 

hedging interest rate risk using financial futures contracts and hedging foreign exchange 
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risk using currency futures contracts in a separate framework. As Smirlock and Kaufold 

(1986) stated, “most papers that prescribe methods for hedging foreign exposure address 

exchange risk only, while a separate literature is devoted to the measurement and man- 

agement of the interest rate risk of securities denominated in domestic currency”. 

Consequently, the theoretical results based on an isolated analysis of only a particular 

risk of banking activity may not simultaneously hold true. This is because each model 

is developed under a different, and often mutually exclusive, set of assumptions. 

The need for simultaneous management of exchange and interest rate risks faced by 

the bank which engages in both domestic and foreign operations is obviated by the 

well-known interest rate parity (IRP) theorem.' The IRP theorem implies that a change 

in U.S. interest rates produces changes in Eurodollar rates, exchange rates, and foreign 

interest rates. The reverse may happen — that is, the change in Eurocurrency and for- 

eign exchange rates produced by a domestic interest rate change may, in turn, produce 

a feedback effect on domestic interest rates. The interest rate of a given currency will 

be influenced by the interest rate development of other currencies and the financial 

markets’ expectations on the future foreign exchange rates of the currencies. The inter- 

dependence of these macro-variables will make it important for banks to coordinate their 

policies toward global risk management. 

1 This study is not at the center of discussion about the validity of the IRP theorem. Rather, we recognize 
from international monetary economics that there exists an interdependence between movements of ex- 
change rates and interest rates. 
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1.3 Literature Review 

Virtually no attempt has been made in the literature to deal simultaneously with both 

the exchange and interest rate risk until Smirlock and Kaufold (1986) pioneered the 

modelling of this issue, while Grammatikos, Saunders, and Swary (1986), Kawai and 

Zilcha (1986), and Kaufold and Santomero (1986) have focused on a similar issue in a 

somewhat different (but quite related) context. Grammatikos, Saunders, and Swary 

(1986) investigate the risks of U.S. banks’ foreign currency positions when both ex- 

change rate and foreign interest rate uncertainty are present. Kawai and Zilcha (1986) 

consider a risk averse firm which engages in international trade of commodities and faces 

exchange rate and commodity price uncertainty. Kaufold and Santomero (1986) con- 

sider the management of credit and exchange rate risks faced by the international 

banking firm. Among these studies, two different theoretical hedging approaches can 

be observed. One is the duration-based portfolio hedging approach as seen in Smirlock 

and Kaufold (1986) and Grammatikos, Saunders, and Swary (1986). This approach, 

assuming flat term structures, models bank managers as focusing on the change in the 

value of the firm’s stream of future foreign currency cash flows. The duration of the 

cash flow stream is used as the measure relating interest and exchange rate changes to 

value changes. The firm’s optimal hedging strategies are derived by minimizing the 

variance of the foreign currency portfolio in the same manner as Ederington (1979). The 

advantage of this approach is the explicit consideration of exchange and interest rate 

exposure faced by the bank. On the other hand, however, this approach has several 

important shortcomings. First, since the model is formulated as one of minimizing risk, 

the trade-off between risk and return is not addressed. Second, the variance of the for- 

eign currency portfolio may not be of particular concern to bank managers. Managers 
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should be concerned with the variance of a broader portfolio, namely, the asset-liability 

portfolio, rather than simply the foreign currency component of the portfolio. Most 

importantly, assuming a flat term structure is a shortcoming. Although a flat term 

structure makes many mathematical and empirical issues more tractable, several impor- 

tant inconsistencies arise from this assumption. For example, a maturity mismatch 

between the hedged instrument and the futures contracts would have no adverse effect 

under a flat term structure, because rates for all maturities would be identical. Similarly, 

the relationship of the delivery date to the date of hedged transaction would be irrel- 

evant; spot rates for all maturities would be identical and futures rates for all delivery 

dates would be identical, too. Thus, in a world with a flat term structure, maturity and 

delivery date mismatching are irrelevant. Finally, this duration-based portfolio hedging 

approach is equivalent to minimizing portfolio variance when spot and futures value 

changes are perfectly correlated, which is typically rejected by empirical evidence [See, 

Hilliard and Jordan (1989)]. (Note that this is, however, based on the premise that value 

changes in the spot and futures market are proportional to the duration of the security). 

An alternative approach is based on the neoclassical theory of the firm under uncer- 

tainty [Kawai and Zilcha (1986) and Kaufold and Santomero (1986)]. Two parts of the 

literature are slightly different in their treatment of the objective: expected utility 

maximization versus utility maximization. Kawai and Zilcha (1986) consider a com- 

petitive, risk averse international manufacturing firm with von Neumann-Morgenstern 

utility function and derive the firm’s optimal hedging strategies by maximizing the ex- 

pected utility of its foreign revenues less domestic-currency expenses. Their model is 

quite general in that it places no restrictions on the utility function other than concavity 

as well as on the probability distribution of profits. However, its ability to apply to the 

analysis of bank risk management is questioned. The firm’s decisions on the objectives 
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and operational methods of risk management should depend on its budget constraint. 

Kawai and Zilcha (1986) do not consider a budget constraint because they consider the 

simple case of a firm with 100% of assets in the spot commodity and no debt financing 

and thus they can completely ignore balance sheet risks. In addition, in Kawai and 

Zilcha (1986) the product of the exchange rate and the commodity price denominated 

in foreign currency plays the central role, and the relationship between exchange rate 

changes and commodity price changes in international trade is not addressed. Even 

without resorting to the purchasing power parity theorem, it is obvious that nominal 

variations in the commodity price are closely linked to fluctuations in the exchange rate. 

Ignoring the interdependence between exchange rate changes and commodity price 

changes gives an incomplete view of the character of the risks associated with interna- 

tional trade in a broader context. Reducing exchange rate risk by means of a forward 

contract may expose the firm to commodity price risk on the forward contract and vice 

versa. 

Kaufold and Santomero (1986) consider an international banking firm that engages in 

domestic and foreign lending and borrowing and derive the bank’s optimal allocation 

of assets and liabilities by maximizing the concave utility function of the bank. They 

deal solely with internal hedging as discussed below. Technically, hedging may be im- 

plemented either internally or externally. Managing exposure internally entails using 

sources within the organization to hedge exposure. For banks, balance sheet manipu- 

lation falls into this area. External methods are those that require the hedger to venture 

outside the organization to contract for aid in protecting exposure. These include bank 

forward foreign exchange contracts, currency futures and options. Internal hedging 

through balance sheet adjustments does not consider the use of forward-futures con- 

tracts for hedging the risks. Implementing asset and liability adjustments as a part of 
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normal operations can help the bank maintain a natural hedge against exposure; how- 

ever, the ability to apply this technique varies from hedger to hedger. The smaller bank 

that operates in foreign exchange markets almost entirely on a transaction-by- 

transaction basis may have limited tools for internal hedging. Conversely, larger banks 

have a broad spectrum of available techniques from which to choose. Banks can be 

better off if they reduce their risk by futures hedging (external hedging). Smith and 

Stulz (1985) provide two explanations of this as follows: first, if hedging reduces the 

variability of pre-tax firm profit, then the expected tax liability is reduced and the ex- 

pected post-tax value of the bank is increased, so long as the cost of futures hedging is 

not too large. Second, bank managers are frequently unable to diversify risks specific 

to their claims on the banks. Therefore, risk averse managers require extra compen- 

sation to bear the nondiversifiable risk of the claims. As long as the reduction in com- 

pensation of managers together with the increased revenues from the tax structure 

exceeds the costs of futures hedging, external hedging increases the value of the bank. 

While optimal forward-futures positions associated with hedging two risks simultane- 

ously can be found in Kawai and Zilcha (1986) (for exchange rate and commodity price 

risks) — and Smirlock and Kaufold (1986) (for exchange and interest rate risks), we note 

that neither of those studies has approached the issues within the context of a banking 

firm, nor do they reach a satisfactory conclusion. Kawai and Zilcha (1986) find that if 

the forward exchange market is unbiased and the forward-futures markets are jointly 

unbiased, then the optimal forward-futures contracting is what they call a “full-double 

hedge”; each of the two optimal hedge ratios for output and commodity futures is ex- 

actly one (unity). This finding is exactly the same as what traditional hedging theory 

views — that is, the hedger takes a position in the futures market that is opposite in sign 

but at the same number of units as his spot position. If futures prices reflect expected 
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spot prices, then there is no reason why futures price changes should equal changes in 

spot prices — that is, there need not be a one-to-one correspondence between spot and 

futures price changes, particularly when expected prices do not change. Smirlock and 

Kaufold (1986) find that the optimal hedge ratio is determined by the covariances among 

and variances of changes in domestic and foreign interest rates, exchange rates, appro- 

priate discount rates, and the duration of the security being hedged. The hedge ratio 

is expressed in terms of the duration and the simple regression coefficients to quantify 

some of the relationships needed to implement the optimal hedging strategy. Because 

this minimum-variance hedge ratio does not take the return on the hedge portfolio into 

account, regression-based hedge ratios will not necessarily be optimal for all types of 

expected utility functions. Both Kawai and Zilcha (1986) and Smirlock and Kaufold 

(1986) provide only a single optimal hedging decision with regard to exchange rate risk. 

Since returns from trading foreign currencies are likely correlated with returns from 

trading currency futures, as are currency futures returns likely correlated among them- 

selves, the optimal hedge for each currency in an n-currency asset portfolio may differ 

from the optimal hedge for each currency held on its own. 

1.4 Overview of the Study 

All of the models discussed above take an essentially one-period perspective. 

Duration-based models assume a one time shift though the cash flows are over many 

calendar periods. The models based on the neoclassical theory of the firm only provide 

for a single realization of random variables and a single hedging decision. However, 

hedge positions are revised as new information is received by a bank and cash flow in 

one period affects the bank’s ability to take advantage of opportunities in the next pe- 
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riod. Therefore, the revelation of new information and the possession of reinvestment 

opportunities create another decision point, and thus the situation is intrinsically a 

two-period decision problem. The theoretical model employed in this study is a two- 

period model for which the bank facing both exchange and interest rate uncertainty 

maximizes an expected utility function defined over terminal wealth to choose optimal 

levels of decision variables. In these respects, the problem is similar to those addressed 

by Baesel and Grant (1982) and Morgan and Smith (1987). What distinguishes the 

model here is that reinvestment opportunities in the second period for cash flows gen- 

erated in the first period are explicitly considered. At the start of period two, the bank 

will have at its disposal the first period profits that will be reinvested at the random rate 

prevailing in the second period. Terminal profits are, therefore, equal to the first period 

random profits plus any random return on reinvestment of the first period profits plus 

the second period random profits. This distinction allows a richer analysis of the issue 

of exchange and interest rate exposure in the banking firm and implies an evolution of 

the hedging position over time. This is because the second period random rate will play 

a significant role in theoretical and empirical analyses. For example, even though fu- 

tures markets are martingale-efficient in removing excess profits, there can still exist 

profit opportunities in the futures market positions unless the second period random rate 

(reinvestment rate) is forseeable or joint probability distribution of the random rate and 

futures rates is independent. This is sharply contrasted with extant bank hedging liter- 

atures [e.g., Koppenhaver (1985), Morgan, Shome, and Smith (1988)]. 

The following two characteristics surrounding the use of futures contracts as hedging 

instruments are explicitly considered in our model. First, it is not uncommon that banks 

hold currency asset positions in many different currencies concurrently and hold cur- 

rencies for which forward and futures markets do not yet exist and are illiquid. In this 
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situation, cross hedging is necessary [See, Anderson and Danthine (1981) ].2 We incor- 

porate this situation into the model via multiple spot and currency futures contracting. 

Second, the bank can use futures to hedge a particular operation or to hedge the overall 

market risk faced by the bank — these are termed microhedging and macrohedging, re- 

spectively. As concluded by Kolb, Timme, and Gay (1984), it will, in general, be in the 

best interest of the financial intermediary’s stockholders and managers to hedge its risk 

ona macro basis. A discretionary microhedging policy may increase the intermediary’s 

overall risk by offsetting any natural internal hedges. A financial intermediary is na- 

turally and perfectly hedged, for example, if it reprices assets and liabilities simultane- 

ously and by the same amount. In practice, banks such as Citicorp and Chase 

Manhattan Bank manage their exchange and interest rate risks as part of their overall 

interest rate and foreign exchange trading activities which include both funded asset and 

liability positions (on-balance sheet positions) and non-funded positions (off-balance 

sheet positions). 

This study, within a two-period framework and in the presence of multiple contracts 

on different instruments, sheds light on the optimal macrohedging behavior of a risk 

averse bank that hedges simultaneously its exchange and interest rate risks. | Whereas 

the methodology used and the results provided are quite general, this study deliberately 

focuses the simultaneous analysis on hedging both exchange and interest rate risks. 

In particular, a unified framework is developed by integrating two strands of the litera- 

tures on hedging: studies on bank hedging behavior under interest rate uncertainty with 

interest rate futures markets [Koppenhaver (1985), Morgan and Smith (1987), Morgan, 

2 In contrast to Anderson and Danthine (1981), Levi (1979) has documented that in a world where cross- 
elasticities between foreign currency movements are known, one forward contract will be complete enough 
to hedge against variations in any of currency values. As a practical matter, however, the possibilities 
of hedging in this way would be limited since in an uncertain world the cross elasticities will be stochastic. 
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Shome, and Smith (1988), etc.] and studies on hedging behavior under exchange rate 

uncertainty with currency futures markets [Hill and Schneeweis (1981, 1982), 

Grammatikos and Saunders (1983), Park, Lee, and Lee (1987), Benet (1990)]. We also 

provide a comparative static analysis in which we investigate the effects of introducing 

bank foreign exchange operations on the optimal levels of loan extensions and interest 

rate futures positions. The objective is to investigate the impact of such operations upon 

the decisions of a risk averse bank with regard to the loan extensions and the interest 

rate futures positions. In addition, we prove, in a much different context, Roll and 

Solnik’s finding that the IRP theorem still holds under uncertainty in its usual form. 

Roll and Solnik (1977) considered the impact of uncertainty on the IRP condition as- 

suming perfect capital markets and capital mobility. Their methodology is based on a 

continuous time international capital asset pricing model (ICAPM) developed by Solnik 

(1973). Therefore, they implicitly assume two-parameter utility functions in their deri- 

vation. Our derivation is based on the assumption that a risk averse bank with von- 

Neumann Morgenstern utility function takes positions in foreign currencies and its 

return is the interest rate for the currency and period considered plus any exchange rate 

variation. The generality in our derivation is greater than in Roll and Solnik’s in the 

sense that we use a general utility function on which no restrictions are placed. 

Finally, we implement empirical tests based on the theoretical analyses. In particular, 

we seek to estimate joint optimal hedge ratios and implement hypothesis tests. Five 

testable hypotheses are derived from the theory developed in this study: (i) 

Capital Adequacy Irrelevance Hypothesis, (ii) Naive — Single Market Hypothesis, (iil) 

Own Market Hypothesis, (iv) Intertemporal Position Irrelevance Hypothesis, and (Vv) 

International Banking Hypothesis. We use GMM (Generalized Method of Moments) 

model suggested by Hansen (1982) and extended by Newey and West (1987) as an 
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econometric technique. § The integrated framework of interest and currency futures 

markets in our model requires a sophisticated econometric technique that allows for not 

only simultaneous estimation of different futures hedge ratios (and thus a system-wide 

application) but also time-varying variance represented as conditional heteroskedasticity 

— returns of international financial assets are statistically characterized as having con- 

ditional heteroskedasticity by, for example, Cumby and Obstfeld* (1983), Hansen and 

Hodrick (1980, 1983), Hsieh (1988), Lewis (1990). The GMM model provides a way to 

estimate the parameters of system and achieve consistency of estimators in the presence 

of conditional heteroskedasticity. 

1.5 Theoretical Findings 

Major theoretical findings in this study can be summarized as follows: 

(1) The bank’s optimal simultaneous hedge ratio such that risks associated with ex- 

change rate, interest rate, and “anticipatory position risk” are minimized simultaneously 

is given by the coefficients of the theoretical multivariate regressions of returns from 

trading the instruments being hedged on those from trading the futures contracts. 

(2) The bank’s optimal hedge position is affected by capital adequacy via variance- 

covariance matrix of futures returns and covariances among deposit cost savings per unit 

capital and futures returns. 

(3) The optimal hedging decisions anticipated for future time periods influence current 

decisions, which implies that hedge positions are intertemporally dependent. 
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(4) Hedging only with interest rate futures contracts without the recognition of the 

interdependence between interest and exchange rates could be misleading. 

(5) The existence and availability of foreign exchange operations affects significantly the 

bank’s decisions on loan extensions and interest rate futures positions. 

(6) Within a multi-period framework, the bank’s speculative demand for futures con- 

tracts consists of two components: a conventional speculative demand and an 

intertemporal autocorrelation of futures return which reflects the linkage between cur- 

rent and future time periods’ speculative opportunities. 

(7) Regulatory control of futures use by banks is possible only if continued monitoring 

of the bank’s futures policy is made. Because hedging demand has an important 

intertemporal component, one time fine-tuning policy is not effective. 

1.6 Empirical Findings 

Our empirical results demonstrate strong support for the theory developed in this study 

and can be summarized as follows: 

(1) Capital adequacy is an important factor affecting the bank’s optimal hedging deci- 

sions; the risk arising from capital adequacy can be minimized by taking an appropriate 

hedge only for the interest rate futures contracts. 
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(2) The interdependence between domestic interest rates and foreign exchange rates (and 

thus with foreign currency futures rates) plays a vital role in the bank’s hedging decisions 

in the presence of both interest rate and foreign exchange rate risks. 

(3) The use of the futures markets by banks is needed to a greater extent when they 

hedge overall market risk simultaneously rather than when they hedge each component 

of market risk separately. 

(4) Japanese yen futures contracts provide a great deal of ability and effectiveness for 

hedging overall foreign exchange rate risks, whereas British pound futures contracts do 

not have the hedging ability of overall foreign exchange rate risks other than own ex- 

change rate risks. 

(5) Cross-hedging is necessary to hedge anticipatory foreign exchange rate risks and to 

increase hedging performance. 

(6) The bank’s current hedging decisions are greatly influenced by its anticipated posi- 

tions in foreign currency spot and futures contracts to be taken at a later time period 

and by its engagement in international banking activity as it is interrelated with domestic 

banking activity. 
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Chapter 2 

MODEL FRAMEWORK 

This study is designed to examine the simultaneous use of interest rate and currency fu- 

tures markets to hedge the exchange and interest rate risks of a risk averse bank that 

accepts short-term variable rate deposits, holds many different foreign currencies, and 

makes long-term fixed rate loans. It also explains how the bank’s hedge position 

evolves through time with the revelation of new information. 

To these ends, we use a two-period model with no transactions costs and perfect 

capital mobility. At the start of the current period, bank managers make decisions with 

regard to loan extensions facing a domestic maturity mismatch problem, interest rate 

futures opportunities, net positions in foreign currencies, and currency futures opportu- 

nities for the current period. Also, decisions with regard to net positions in foreign 

currencies and currency futures positions will be, once again, made at the start of the 

next period when uncertainty about foreign exchange rates and futures rates at the end 

of the current period is resolved. (Net positions in foreign currencies equal foreign cur- 
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rency asset positions minus foreign currency liability positions). We assume that the 

bank can borrow short-term (one-period) funds in the perfectly competitive short-term 

deposit markets [e.g., Eurodollar and negotiable certificate of deposits (CD) markets] 

at a known rate in the current period but at an unknown random rate in the next period. 

The bank makes long-term (two-period) fixed rate loans at the start of the current pe- 

riod. Loans have interest payments both at the end of the first period and at the end 

of the second period (credit risk is ignored). Short-term deposit borrowing at a random 

rate and the extension of long-term loans at a fixed rate creates a mismatch in maturity. 

This situation creates interest rate risk. Such interest rate risk arises either when bank 

assets and liabilities have a maturity mismatch problem or when variable rate deposits 

create uncertainty with regard to future cash flows. 

We, further, assume that the bank takes net (asset or liability) positions in foreign 

currencies at the start of the current period when exchange rates are known, subject to 

liquidation of net positions in foreign currencies at the start of the next period when 

exchange rates are unknown. This situation creates exchange rate risk. Exchange rates 

are assumed to be random throughout the periods (with the exception of current starting 

date). The bank takes another net position in foreign currencies at the start of the next 

period and then closes out its net currency positions at the end of the next period. This 

situation creates another exchange rate risk so that the bank’s intertemporal hedging 

behavior in foreign currencies must be examined. In our model, therefore, exchange 

rate risk arises throughout the time horizon (except for the current starting date) when- 

ever the bank has net positions in foreign currencies subject to unexpected changes in 

exchange rates. 
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The profits generated in the first period are assumed to be carried over to capital 

in the form of retained earnings at the start of the second period without being paid out 

as dividends. The losses generated in the first period are refinanced at the random de- 

posit rate prevailing in the second period to make the new balance sheet balanced. Our 

model, therefore, explicitly considers reinvestment opportunities in the second period for 

cash flows generated in the first period. 

To obtain a better understanding of the model, we illustrate the timing of events 

in the following figure. 

Period 1 Period 2 

time point 0 l 2 

The bank facing the exchange and interest rate risks establishes both interest rate 

and currency futures contracts at time 0 (at a currently known price) for deliveries of 

short-term funds and foreign currencies at time 1. Currency futures contracts are, once 

again, established at time | for delivery of foreign currencies at time 2 because exchange 

rates at time 2 are unknown and thus the conversion value of the net flows into U.S. 

dollar is unknown. On the contrary, interest rate futures contracts don’t have to be 

established at time 1 because, within a two-period framework, terminal profits at time 2 

are unaffected by the deposit rate at time 2. (This random rate would only be incor- 

porated into profits if a third period was modelled.) 
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We assume the existence and availability of a certain type of interest rate futures 

contract (e.g., T-bill, T-note, Eurodollar futures contract, etc.) and n-different currency 

futures contracts differentiated by foreign currency (e.g., British pound, German mark, 

Japanese yen, etc.), all being traded at the planned dates of the bank. This provides the 

bank with both direct and cross hedging strategies. In the latter case, for example, ex- 

change rate risk in a particular foreign currency can be cross hedged by participating in 

currency futures markets or even in interest rate futures markets.’ In general, a cross 

hedge occurs when the instrument being hedged and the instrument deliverable against 

the futures contracts are highly correlated but differ with respect to risk level, coupon, 

or maturity, etc. This implies that the vast majority of all hedges in the interest rate 

and currency futures markets are cross hedges [See, Kolb (1988)]. 

Before proceeding with the analysis, we provide an index of definitions of main 

variables that will be used throughout the study. 

L = the fixed dollar amount of long-term (two-period) loans demanded at time 0. 

C,; = the net asset position (expressed in units of foreign currency) at time i for 

foreign currency j, fori = (0,1) andj = (],....,n). This is a decision variable. 

Sy = the (spot) exchange rate at time i (expressed in units of U.S. dollar per one unit 

of foreign curency j ), fori = (0,1,2) andj = (1,....,n). This random variable 

is non-stochastic at time 0 but stochastic at other times. 

3 US. banks appear to mainly use T-bill and Eurodollar futures contracts to cross hedge CD interest rate 
risk [See, Senchack and Perfect (1990)]. In addition, the use of currency futures contracts by U.S. banks 
is concentrated among a few currencies, notably the German mark, British pound, Japanese yen, Swiss 
franc, and Canadian dollar, which are the most actively traded. 
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D,, D: = the level of domestic-currency denominated deposits (domestic CDs or 

Eurodollar CDs) received by the bank at time 0 and at time I, respectively. 

Ky, K, = the amount of capital used by the bank at time 0 and at time I, respec- 

tively. The latter variable is stochastic since the random profits generated in 

the first period are carried over to capital in the form of retained earnings 

at the start of the second period. 

Ri the long-term (two-period) fixed loan rate. 

Bw
 

c
e
 I the interest rate at time i for Eurocurrency j, fori = (0,1) andj = (1.,....,n). 

This random variable is non-stochastic at time 0 but stochastic at time I. 

R,; = the CD (or Eurodollar) deposit rate at time i, fori = (0,1). This random 

variable is non-stochastic at time 0 but stochastic at time 1. 

Ps, Pf = the rate for interest rate futures contract at time 0 and at time 1, respec- 

tively. This random variable is non-stochastic at time 0 but stochastic at 

time 1. 

~ 

Qf = the currency futures rate at time i for currency j, fori = (0,1,2) andj = 

(1,.....n). This rate is expressed in units of U.S. dollar per one unit of foreign 

currency j and is non-stochastic at time 0 and stochastic at other times. 

f = the quantity of interest rate futures contracts that the bank establishes at time 

0. This is a decision variable and f> 0 corresponds to a long position and f 

< 0 corresponds to a short position. 
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Fy, Fy = the quantity of currency futures contracts for foreign currency j that the 

bank establishes at time 0 and at time 1, respectively, for] = (1,.....n). These 

are all decision variables and Fy, > 0 and Fi; > 0 correspond to long positions 

and fy, < 0 and Ff; < 0 correspond to short positions. 

The balance sheet constraint at time 0 is 

n 

L + > CySy = Dy + K (1.1) 
j=l 

n 

, where » Coy Soi = the net foreign currency assets. 

j= 

During the first period, profits are obtained from the interest payment from loans 

plus the return from holding foreign currencies plus any gains or losses in the interest 

rate and currency futures markets less the costs of deposits. The return from holding a 

foreign currency j is the interest rate for the currency and period considered plus any 

exchange rate variation [See, Levy (1981) and Grammatikos, Saunders, and Swary 

(1986)]. Suppose that a bank is currently holding foreign currency j. After one holding 

period, the bank converts back to U.S. dollar and receives Cy, Sy. Thus, the holding 

period return from exchange rate fluctuations is Cj, (Sy — Sy), which is called exchange 

rate capital gains return. The investment of the foreign currency j will grow by Cy, Ry 

during the period (in terms of the foreign currency j). When the bank converts this 

end-of-period amount into U.S. dollars at the exchange rate Sis it receives Cy; Ro, Sy. 

The sum of the exchange rate capital gains return, Cy, (Sy — So), and the currency j in- 
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terest payment for the holding period, Cy, Ry, Su, is the total return from holding foreign 

currencies in period 1, ie., [Cy,(1 + Ra) Sy — Cy So J. It follows, therefore, that the 

profit function for period | can be written as 

n 

Il, = LR, + » {Cy (Ql + Ry) Siz — Soy J} — DoRo 
j=1 

n 

+ (PL — Pf + > (Of — Of) Fy (1.2) 
j=l 

The balance sheet constraint, (1.1), can be used to express D, in terms of other quanti- 

ties. 

n 

Dy = L + > CySy — Ko (1.3) 
j=l 

Substituting (1.3) back into (1.2), we obtain 

n 

ee = L(R, — Ro) + » {Cy (Ul + Ry) Sy — (1 + Ro) Soy] 
j=l 

+ KoRy + (Pf — PAF + >. Of, — Of) Fy (1.4) 
j=l 

This first-period profit function that reflects balance sheet risks is determined by the 

bank’s net interest revenue (net of deposit costs) plus the stochastic return from holding 

foreign currencies subject to foreign exchange rate risk plus savings in the costs of de- 
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posits due to holding capital plus any stochastic gains or losses in the interest rate and 

currency futures markets. In the absence of futures trading, the only direct uncertainty 

in period | is the exchange risk on the foreign currency net investment. However, as 

shown below, the decision on L establishes the maturity mismatch on domestic currency 

loan financing and creates uncertainty about interest rate spreads for the second period 

that will be resolved at the start of the second period. Thus interest rate futures con- 

tracts are entered at time 0 to hedge the interest rate risk in the second period. 

At time 1, the bank takes another net position in foreign currencies which can be 

different, in size, from the time 0 net position in foreign currencies. The profits gener- 

ated in the first period are carried over to the second period in the form of retained 

earnings, ie., are not paid out as dividends. Therefore, the balance sheet constraint at 

time I is 

n 

L + Cy Sy = Dd, + K, (1.5) 

j=l 

, Where K, = TI, + Kp. 

Following the same line of reasoning as the profit generating process of the first period, 

the second period profits are obtained from the interest payment from loans plus the 

stochastic return from holding foreign currencies plus any stochastic gains or losses in 

the currency futures market less the costs of deposits. The profit function for period 2 

is, therefore, 

n 

Ml, = LR, + > {Cy fl + Ry) Sy — SyD — Dik, 
j=l 
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+) OG - Fy (1.6) 
j=l 

The balance sheet constraint, (1.5), is used to express D, in terms of other quantities 

n 

D, = L+ > CyS,) - &, (1.7) 
j=l 

Substituting (1.7) back into (1.6), we obtain 

n 

+ K,R, + (Qo; — Qi) Fy (1.8) 

Terminal wealth at time 2 less initial wealth at time 0 equals the first period profits 

plus the second period profits that include reinvestment opportunities for cash flows (..e., 

the “future value” of the cash flows) generated in the first period. That is, 

M=M,+%, of 

rl
? I 

n n 

Ky + LR +). Cy Ray + Y, Cy Rey + £Rp 
j=l j=l 

MODEL FRAMEWORK 23



n n 

+ >) Fy Rey + >, Fy Bry (1.9) 
j= j=l 

, where 

T=R+(L+R)R, 

Ry = (Ry — Ro) + (Re — Ri) + (Ry — Ro) Ri] 

Reo = (L + Ri) EL + Ro) Sy — (1 + Ro) Sy] 

Rey ={(i + Ri) Sy — (i+ R,) Sy] , 

R= (1 + Ry) (Pt — PO), 

Rry = (1 + Ry) (Qty — Oh) 

Rey = (Qy — OB) - 

Interpretations for these variables can be made as folows: 

t = the deposit cost savings per unit capital for both periods. 

R, = the net interest revenue (net of deposit costs) per unit loan for both periods. 

This variable reflects the maturity mismatch problem as well as reinvestment 

opportunities in the second period for net loan revenue generated in the first 

period. 
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Ro = the terminal value of the holding-period return on foreign currency j for the 

first period that includes reinvestment opportunities at the random rate pre- 

vailing in the second period. 

~ 

Ra; = the holding-period return on foreign currency j for the second period. 

~ 

R, = the terminal value of the return from trading interest rate futures contracts for 

the first period that includes reinvestment opportunities at the random rate 

prevailing in the second period. 

Rny = the terminal value of the return from trading jth foreign currency futures 

contract for the first period that includes reinvestment opportunities at the 

random rate prevailing in the second period. 

Rp; = the return from trading jth foreign currency futures contract for the second 

period. 
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Chapter 3 

OPTIMAL SPOT AND FUTURES POSITIONS 

The (terminal) profit function, (1.9), can be compactly written using vector notation as 

follows: 

Tl = Kyt + LR, +fRp + CR + C:Ra + FoRm + Fi Rn (2.1) 

, where 

Ro + (1 + Ry) Ri , t 

R, = [(R, — Ro) + (Rr — Ry) + (Rr — Ro) Rid, 

Re=(1+ R) (PF — Ph, 
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(1 + Ry2) Soo 
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i 

cl 

(1 + Rin) Son   
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(1 + Ron) Sin 

— (1 + R) Si, 

— (1 + Rj) Sin 

— (1 + Ro) Son 

(1 + Ri) Sy — (+ Ry) Sry 

(1 + Roi) Si, — (1 + Ro) So, 

(1 + Roz) Sig — (1 + Ro) Sop 

  

7 

 



° ° 

Ry = (1+ Ry) ° ’ Rr = . 

e e 

° e         
There is no conclusive agreement among economists on the choice of bank objec- 

tive function. Two divergent views co-existed: risk-neutral and risk-averse objective 

function. The risk-neutral objective function is appropriate when the bank’s choice set 

is a subset of the shareholder’s overall opportunity set in perfect markets [See Santomero 

(1984)]. In this case, the shareholders can be viewed as optimizing this subset, given 

that their other personal wealth allocations remain constant. Accordingly, the share- 

holders can be assured an efficient allocation without regard to the risk level that may 

be hedged elsewhere in their overall portfolio. As Santomero (1984) adds, “this is par- 

ticularly true in a perfect capital market where financial intermediaries need not exist and 

the investor’s opportunity set spans the institution’s choice. Accordingly, any efficient 

bank portfolio can be perfectly duplicated or hedged by the investor.” Thus use of a risk 

neutral objective involves an inherent contradiction: the objective is only appropriate 

when these firms could not exist. This contradiction is important for financial insti- 

tutions because the bank’s existence depends on its ability to exploit financial market 

opportunities that are not available to the shareholders, i.e., to operate in imperfect fi- 

nancial markets. The argument offered in favor of a risk-averse objective function em- 

ploys traditional corporate finance theory as its basic foundation. Management of the 
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banking firm is responsible for decision making and is unable to diversify risks specific 

to its claims on the bank [See, Santomero (1984) and Smith & Stulz (1985)]. Given this 

assumption, the agency problems (between management and shareholders) introduced 

into a managerial compensation scheme that is tied to the bank’s payoffs provide an 

impetus for bank management to focus on the marginal rate of substitution between 

total risk and return. Furthermore, even in the absence of traditional agency problems, 

bank regulation in the forms of regulatory interference and chartering restrictions im- 

poses costs on bank managers that shareholders do not fully incur. That creates a fur- 

ther lack of diversification for managers and an increased emphasis on total risk 

exposure. (Systematic risk exposure is not the relevant variable here). In this situation, 

maximization of managers’ expected utility of the bank’s terminal payoffs is generally 

assumed appropriate for the objective function of the banking firm [See Santomero 

(1984)]. 

Accordingly, in this model, bank management selects L, Cy, Ci, ff Fo, and F,; so 

as to maximize its expected utility function defined over terminal profits. The utility 

function is assumed to be continuous, concave, and a differentiable function with 

UT) >0 and U"(T1) <0. 

Bank management’s objective can be represented as 

MAX EU(I1) . 
L,Cy,C1 Si FoF) 
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3.1 Optimal Foreign Currency Assets and Futures Positions at Time 1 

We will solve this problem using the backward recursive procedure of dynamic pro- 

gramming adopted by Baesel and Grant (1982) and Morgan and Smith (1987). =‘ This 

backward procedure is set up such that the computations for optimal solutions start in 

the second period and then proceed backward to the first period.* Recognizing the 

backward procedure of dynamic programming, bank management selects C, and F, at 

time 1, given L, Cy, f, and Fy. It follows, therefore, that bank management’s objective 

at time | can be represented as: 

MAX E,U(D , 
C,,F, 

where E, is the expectations operator at time | conditional on L, Co, f, Fo. 

The first order conditions are provided below. 

E,LU(MR,] = 0 (2.2) 

E,LU(M)Ry] = 0 (2.3) 

Before proceeding with the derivation of optimal positions, we seek to derive the 

interest rate parity theorem under uncertainty using those first order conditions. 

4 Taha (1987) presents the procedure associated with the dynamic programming algorithm. In dynamic 
programming, computations for optimal solutions are carried out in periods by breaking down the prob- 
lem into subproblems. Each subproblem is then considered separately with the objective. However, since 
the subproblems are interdependent, we link the computations in a manner that guarantees that optimal 
solutions for each period are also feasible for the entire problem. 
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Proposition 1. (covered interest rate parity theorem under uncertainty): For any 

pair of domestic CD (or Eurodollar) deposit and Eurocurrency deposit, a no arbitrage 

condition on foreign exchange operations holds that the domestic CD (or Eurodollar) 

interest rate will equal the Eurocurrency interest rate covered in the currency futures 

market, if currency futures contracts that are entered at time | expire at time 2. 

proof. To prove this proposition, we substitute the original definitions of R.. and 

Rr back into (2.2) and (2.3), considering the case of a single foreign currency. Notice 

that when new information with regard to R, Ri, Si and Of, is received by the bank 

at time 1, those random variables become non-stochastic at time 1. It follows, therefore, 

that 

E, (U(M((1 + Ri) Sy — (1 + R;) SJ} = 0 (2.2a) 

E, (UM (Qf, — Of)] = 0 (2.34) 

If currency futures contracts expire at time 2 so that Os, equals Sy, then equation (2.3a) 

becomes 

E, (U(IT) (Sy — Qf] = 0 (2.36) 

From (2.2a) and (2.3b), we obtain 

(1 + RYE; CUM) Sy] — (1 + R)SyE,LU(M] = 0 (2.26) 

E, (UM) Sy] — Of, E,; [U(M)] = 0 (2.3¢) 

Solving (2.2b) and (2.3c) simultaneously, we obtain the following relationship: 
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1+ R, Qi, 
, =< forany j = (l,...... iM) , 

1+ Ry Sy 

which is exactly the same as the interest rate parity theorem. Note that it is shown by 

Cox, Ingersoll, and Ross (1981) that with a constant interest rate, the forward rate 

equals the futures rate at any time. 

We now assume that terminal profits and each random vector are jointly normally 

distributed and bank management’s utility function is characterized by constant absolute 

risk aversion. 

Referring back to the first order conditions, we can expand (2.2) and (2.3) by rearranging 

the definition of covariance, i.e., E (xy) = E(x) E(y) + cov(x, y). 

E,[U(M)]E, (Ra) + cov[U(M), Ry] = 0 (2.2.1) 

E,[U(M)]E; (Rp) + cov[U(), Rn] = 0. (2.3.1) 

It is shown by Rubinstein (1976) that if x and y are jointly normal and g(y) is any at least 

once differentiable function of y, then 

coul%, g(y)] = ELg (9)] coz, 9). 

Using this result, we can rewrite (2.2.1) and (2.3.1) as 

E, [U(M)]E; (R,.) + E, [U'(A) ]cov(T1, R,,) = 0 (2.2. 1a) 

E,[U(M)]E, (Rr) + E, LU (Ml) ]cov(T1, Rp) = 0 (2.3.1a) 
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These equations can be rewritten by dividing each equation by E,[U’ (1) >0 as 

E,(R,1) — xX cowl] ’ R.1) = 0 (2.4) 

E\(Rr,) — x cov], Rr) = 9 (2.5) 

E,[U"(I 
, where y = — EO") That is, xy is a constant absolute risk aversion param- 

E,[U(IT)] 

It can be shown that 

~w 

cov(Il, R,.) = var(R,,) C, + cov(R,,, Rr) F; 

cov(II ; Re) = cov(Rp; ; R.1) C, + var(Rp) F, . 

Substituting these equations into (2.4) and (2.5) gives 

E; (Ra) — x[var(R,)C; + covRy, Rr) F;] = 0 (2.4.1) 

E; (Rr) — xLcov(Rp, Rey) C; + var(Rp) F,] = 0 (2.5.1) 

From (2.5.1) we can derive optimal currency futures contracting at time 1, given C,. 

Fi = oy CvarRr) TE: (Re) — LvarRe)T' cofRy, Rad Cr (2.6) 

or 

FL = $ [var(Q) rE, Re) — Lvar(Qhy 7! cov QY, (1 + RYS1C,, (2.62) 

where 
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~ 

Qs = (mn x 1) currency futures rate vector. 

(1 + Rj) S, = (m x 1) return vector on per unit Eurocurrency deposit as converted 

back to domestic currency at time 2. 

This result says that if currency futures rates at time | were unbiased estimates of ex- 

pected currency futures rates at time 2, i.e., E; (Rn) = 0 — we call this unbiasedness of 

currency futures rates — then the optimal hedge ratios for net foreign currency asset 

position at time | are given by the product of the slope coefficient matrix of the 

multivariate regressions of period 2’s vector of returns on Eurocurrency deposits (con- 

verted to the domestic currency value) on time 2 currency futures rates vector. Suppose 

that E,(R.) = 0. This is true if IRP holds and time | currency futures (forward) rates 

could be considered unbiased estimates of future (time 2) spot exchange rates — we call 

this a pure expectation hypothesis. Then, the bank that maximizes expected utility of 

profits will have an incentive to take advantage of the profit opportunities perceived in 

the currency futures market and will not take net asset positions in foreign currencies 

at time 1. If unbiasedness of currency futures rates, the pure expectation hypothesis, 

and IRP hold, the bank will, as shown below, never take positive or negative net asset 

positions in foreign currencies, i.e., C] = 0, which will, in turn, dismiss the bank from 

entering into currency futures contracts, i., F; = 0. This is because the bank can 

implement hedging internally by balancing foreign currency asset and liability positions 

and because no profit opportunity exists in the currency futures market. 

Substituting (2.6) into (2.4.1) gives optimal net position in foreign currency assets 

at time 1, given that futures positions are adjusted optimally as net currency asset posi- 

tions vary. 
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* l _ 

GO =F Er Me (2.7) 

where 

Zia = var(R,,) — con, , Rp) [ var(Rp;) J | cov(Rp,, Rei) , 

@, = E, (Rj) — con(Ry, Rr) [var(Rp,) JE; (Rp) - 

Xi2 1s (4 X m) nonsingular matrix and @, is (n x 1) vector. To facillitate the analysis, 

we define 

~ Ry var(R,.) cov(Rp; ’ R,;) 

R, =]~ ’ Ly = ~ ~ ~ 

Rr cov(R.,, Rr)  var(Rr;) 

R; is (2n x 1) return vector and 2, is (2m x 2n) matrix with full rank of 2n. Suppose 

that R, is multivariate normal with mean vector, E,(R,), and variance-covariance matrix, 

DX. Then, &2 is simply the vector of constants (intercepts) from the multivariate re- 

gressions of R.onRp~ and Xn2 is residual variance-covariance matrix from the 

multivariate regressions of R.: on Ra. Consequently, the optimal net position in foreign 

currencies at time 1 — given that futures positions are adjusted optimally as net currency 

asset positions vary — is simply represented by the product of the inverse of the risk 

aversion index times the ratio of constant terms to residual variances in the multivariate 

regressions of the currency spot return on the currency futures return. 
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3.2 Optimal Spot and Futures Positions at Time 0 

To determine the optimal decision at time 0, we substitute Cj and F; into (2.1) and 

maximize expected utility with L, Cy, f; and Fy as decision variables. However, at time 

0 when bank management makes decisions with regard to the choice variables, it does 

not know the values of C}and Fi. We will follow the simplifying assumption of Baesel 

and Grant (1982) that bank managers employ expectations of Cj and F; at time 0. We 

therefore write period | profit function as 

T= Kyt + LR, + fRe + CoRy + FoRm + E(C;)Ry + EF)Rp (2-11) 

where E is the expectations operator at time 0. 

Bank management’s objective at time 0 can be represented as 

MAX EU(T) . 
LCoS 

The first order conditions are provided below. 

E[LU(M)R,] = 0 (2.8) 

ELU(MRao] = 0 (2.9) 

E(U(M) R,] = 0 (2.10) 

ELU(M)R~p] = 0 (2.11) 
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By exactly parallel reasoning that we have followed earlier, these first order conditions 

can be rewritten as 

E(R)) — xX cou(Il R) = 0 

E(Rxo) — x cov, Ro) = 0 

E(R) — xcov(Il, R) = 0 

E(Ryo) — xcor(ll, Rp) = 0 

(2.8.1) 

(2.9.1) 

(2.10.1) 

(2.11.1) 

All covariance terms are shown in Appendix in terms of covariances among and 

variances of relevant random vectors (or variables). From the Appendix, we define 

var(R,) cov(R, Rio) cov(R, R) cov(R, Ri) . 

cov(R,o; R) var(R,o) cov(Rio; R) cov(R,o; Ry) 

cov( Rr R) cov( Ry, Rio) var(R,) cov Ry, Rin) 

cov(Rrp, R) cov(Rrp, Ryo) cov(Rro; R) var(R po)     he a 

We assume that &, is a(2n + 2) x (2n + 2) nonsingular matrix. 

Partitioned matrix of 2, is given by 

' “| 
my = 

2g Ly 

, where 
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var(R;) cov(R, Ro) cov(R, R) cov(R, Rin) 
Zoo = ’ Loi = 

cov(R,o; R) var(R,o) cov(Reo, R) cov(Ro; Rip) 

cov(Ry, R) cov(Ry, R.o) var(R,) cov( Ry, Ry) 

Lio = ~ oo» ~ oo ’ Ly = ~ ow nw 
cov(Rzp,; R,) cov(Rzo, Ryo) cov(Rr, Ry) var(Rz) 

All of these matrices have the dimension of (n + 1) x (m + 1). 

In addition, we define 

covR, R.;) cow(R, Rr) cov(Ry, R..) con(Ry, Rr) 
22 = ~~ ~ ~ |, y= ~~ ~~ 

con(R.o, Rp )cov(R.o, Rr) cow(Rro, R,1)cov(Rrp, Rr}) 

[hese matrices have the dimension of (n + 1) x 2” 

Define 

. | _ | 
m, = ~ 9 my, — ~ 9 

Rio Rrp 

cov(R,, t) cov(Re, t) 
qe = ~ ~ ’ if ~ ~ 

covR., T) cov(Ryo , 7) 

where m, is (7 + 1) x 1 asset return vector, m, is (x + 1) x 1 futures return vector, 

q. and q, are each (x + 1) x 1 covariance vector. 

Then, equations (2.8.1) and (2.9.1) can be combined to be rewritten in matrix no- 

tation as follows: 
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E(m,) — x [2oy + Lore + Log E(Py) + 4 Kol = 0 (2.12) 

L f . 1G 
y= ’ g= ’ P2 = | ~, 

C, F, F 

y is(n + 1) x 1 decision vector at time 0 for loan extensions and net foreign currency 

, where 

asset positions. g is (n + 1) x 1 optimal futures decision vector at time 0 for interest 

rate and currency futures positions. p3 is (2n) x 1 decision vector at time 1 for (spot) 

foreign currency positions and currency futures positions. 

Also, equations (2.10.1) and (2.11.1) can be combined to be rewritten as 

E(m) — y(2ioy + 21,8 + D2 E(p;) + a Ko] = 0 (2.13) 

Suppose that the bank currently makes loans, L, and takes net asset position in 

foreign currencies, Co, In this situation, the optimal futures position vectors that sat- 

isfy the equation (2.13) can be uniquely determined if and only if 21, is nonsingular. 

Solving for g in equation (2.13), we obtain 

~* l _ ~ ~ _ ~* _ 

gs = x ry E(m,) _ Zi Loy — Lit X12 E(p2) — rir qr Ko (2.14) 

or 
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va E(R,) L 

«| — - a 7 —~ rh X10 

Fy E(Rz) Cy 

/ E(C)) | °¢ (Rp, t 

—2y 2] ~ | - ln ~  _ |X (2.14.1) 
F,) cov(Ryy , 7) 

g’is(n + 1) x 1 optimal interest rate and currency futures position vector for period 1. 

Equation (2.14.1) characterizes the optimal positions at time 0 (given L and C,) for 

interest rate futures, f°, and currency futures, Fj, respectively. This result says that the 

optimal futures positions at time 0 — given that the bank behaves optimally in extending 

loans and taking long positions in foreign currencies at time 0 — can be decomposed into 

the profit opportunities from trading futures contracts adjusted for the bank’s risk 

aversion, the (spot) foreign currency trading flows, the loan extensions, the second pe- 

riod optimal currency spot and futures behavior, and the deposit cost savings due to 

holding capital. As expected, the optimal hedging decisions anticipated for time 1 in- 

fluence time 0 decisions via covariances among the first period interest rate/currency 

futures return and the second period currency spot/futures return. The sign of g’ in 

equation (2.14) can be positive or negative — that is, given loan extensions and given 

long positions in net foreign currency assets, the bank can take long or short positions 

in interest rate and currency futures contracts at time 0. The sign of g° in equation (2.14) 

depends on signs of expected profits from trading futures, covariances among return 

vectors on holding net currency asset positions, extending loans, and trading futures, 

covariances among the first period futures return and the second period currency 

spot/futures return, and covariances between deposit cost savings and the futures return 

vector. 
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It is worthwhile to note that E (m,) can not be zero even with the unbiasedness of 

currency futures rates. That is, unlike extant bank hedging literatures, the profit op- 

portunities in futures markets do not vanish even though futures markets are 

martingale-efficient in removing excess profits. This is because reinvestment opportu- 

nities in the second period enable the bank to take advantage of any deviation of 

ex post first period futures return from ex ante zero expected futures return in the first 

period. This implies that the speculative component (as discussed below) of futures de- 

mand by the bank can explain one of the reasons why banks trade futures contracts at 

least over the long run. 

The conventional decomposition of demand for futures positions categorizes the 

bank’s futures demand into two components differentiated by motive: speculative de- 

mand and hedging demand. The first term of (2.14.1) captures the speculative de- 

mand, while the last three terms capture the hedging demand. (Note that a speculator 

has no spot position, ie, Co = C,; = L = D= K = 0). Suppose that the bank’s 

participation in futures markets is not motivated by the speculative opportunities. Then, 

the optimal interest rate and currency futures positions at time 0 to hedge simultane- 

ously both interest rate and exchange rate risks become 

x 

Ge = — Uy Loy — My lp E(p3) — Lip q7 Kp , (2.15) 

where 

g, = (n + 1) x I optimal interest rate/currency futures position vector at time 0 for 

the simultaneous hedge of loans subject to interest rate risk and of net foreign 

currency asset positions facing exchange rate risks. 
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The second term in equation (2.15) captures the anticipation of new information at time 

1. This links the bank’s optimal hedging behavior at time 0 to that at time 1. The 

last term captures the role of the second-period reinvestment opportunities in rendering 

deposit cost savings due to holding capital. Equation (2.15) suggests that time 0 opti- 

mal ratios for the simultaneous hedge against interest and exchange rate risks, given 

y, E(p;), and multivariate normality of relevant random vectors and/or variables, are 

provided by the coefficients of the multivariate regressions of 

R, and Ro on R, and Ra, and of R,, and Rp» on R, and Ra, and of the multiple regression 

of ton R, and Rp. 

[Zi Lio] is the (2 + 1) x (nm + 1) matrix of multivariate regression coefficients. 

The first column of the matrix contains the coefficients relating the net interest revenue 

for both periods to the first period interest rate and currency futures return vectors, while 

the last n columns contain the coefficients relating the first period net foreign currency 

asset return vector to the first period interest rate and currency futures return vectors. 

[Xai Zy2] 1s a (ma + 1) x 2n matrix of another set of multivariate regression coefficients. 

The first » columns of the matrix contain the coefficients relating the second period re- 

turn vector for net foreign currency asset position to the first period interest rate and 

currency futures return vectors, while the last n columns of the matrix contain the coef- 

ficients relating the second period currency futures return vector to the first period in- 

terest rate and currency futures return vectors. [Zi q,;] is the (n + 1) x 1 vector of 

multiple regression coefficients relating deposit cost savings (a function of capital) to the 

first period interest rate and currency futures return vectors. 

Substituting (2.14) back into (2.12) and solving for y provides time 0 optimal deci- 

sions on loan extensions and net asset position in foreign currencies, given that time 0 
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interest rate and currency futures positions are adjusted optimally as decisions on loan 

extensions and net foreign currency asset positions vary. 

Y = + Vor % — Loo1 Lor — Lor Ly Lyq) E(Py) — Loo.1 Ge — Lor Zi q/) Ky , (2.16) 

where 

-1 
X01 = Loo — Yor 214 Zio ’ 

a, = E(m,) — 2, 2y E(m, . 

Xoo. is the (wn + 1) x (» + 1) population variance-covariance matrix conditional on 

m,; = E(m, and @, is the (x + 1) x 1 vector of constants conditional on m; = E (m)). 

Like time 0 optimal futures positions, time 0 optimal decisions on loan extensions and 

net asset positions in foreign currencies are affected by time 1 optimal currency spot and 

futures decisions. 

3.3 An Analysis 

In this section, we show that the separate hedging decision for a single period as it is 

modeled in most of the hedging literature is misleading. We also investigate the bank’s 

intertemporal hedging behavior for optimal positions in foreign currencies and the role 

of IRP relationship in this regard. 
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Suppose that the bank does not consider time | decisions when it formulates time 

O decisions. Also, assume that the bank engages only in domestic banking activity by 

which we mean that a bank engages in accepting deposits, extending loans in its home 

currency, and participating in interest rate futures markets to hedge against interest rate 

risks. In this case, optimal interest rate futures position can be written from (2.15) 

as 

cov (Ry, R) L cov (Ry, 7) 
foo ~~ ~ ~ 

var (Ry) var (Ry) 

where /fpo° = the optimal interest rate futures position for domestic banking activity 

only. 

This expression is exactly the same as that of minimum-variance hedging only with in- 

terest rate futures [See, Koppenhaver (1985) and Morgan, Shome, and Smith (1988)], 

which is the special case of our result. We suggest that this optimal interest rate fu- 

tures position without the recognition of interdependence between interest and exchange 

rate risks could be misleading, as discussed later. 

The investigation of the bank’s intertemporal hedging of net asset positions in for- 

eign currencies requires a comparison between the optimal currency futures positions 

of Fo at time O and F; at time 1 when the resolution of uncertainty occurs. In order to 

compare the positions across periods, F; should be obtained as if there were no interest 

rate risks (and thus non-existence of interest rate futures markets) and no reinvestment 

opportunities in period 2. These are characteristics of the second period decision. It 

follows from equation (2.14) that 
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Fro = + [var(Rro)}"' E Ryo) — [var(Ryp)]“' conReg , Ryo) Co 

— [var(Ryp)]' £ cov(Rrp » Rey) E(C}) + cov(Ryy, Rr) E(Fi)], — (2.17) 

where F;, = the value of Fj in the absence of interest rate futures markets and rein- 

vestment opportunities. 

The first two terms in equation (2.17) are of the same substance as equation (2.6). 

What distinguishes Fj from Fj is the last term which captures the bank’s ability to adjust 

the hedge of the exchange rate risk as uncertainty is resolved at time 1. The existence 

of covariances in the last term implies that the second period exchange rate risks are 

anticipated to the extent they co-vary with randomness in the first period and effectively 

reflected in time 0 hedging decisions. 

If we further assume that S,; = Q andS, = Q: so that IRP relationship can be 

applied to both periods, then equation (2.17) reduces to 

Fo = + LalG, — Or EQ; — of) 

— [var(Q, — Qh! covf(Qh — O%), (Q — QHIEFu) » (2.18) 

where 

Fy) = the value of Fj in the presence of IRP relationship and in the absence of in- 

terest rate futures markets and reinvestment opportunities. 

Fi, = the value of Fi in the presence of IRP relationship. 
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Equation (2.18) characterizes the bank’s speculative demand for currency futures con- 

tracts in both periods. The first term captures the first period’s speculative opportu- 

nities, while the second term reflects any autocorrelation between intertemporal currency 

futures returns which reflect the linkage between both period’s speculative opportunities. 

That is, within a multi-period framework, the speculative demand for futures contracts 

consists of two components: conventional speculative demand and intertemporal 

autocorrelation of futures returns. We therefore suggest that the conventional defi- 

nition of speculative demand should be modified. Equation (2.18) also provides policy 

implications for regulators. What worries regulators is that banks will use futures for 

speculative opportunities rather than for a hedging vehicle. Koppenhaver (1984) raises 

the question of whether or not regulatory control of futures use by banks is possible and 

concludes that it is possible by a fine-tuning policy that allows for legitimate hedging 

activity. We suggest that regulatory control can be possible only by 

continued monitoring of banks’ futures positions. One time fine-tuning policy is not ef- 

fective because the existence of intertemporal autocorrelation of futures returns gives 

banks the opportunity to circumvent that policy. 
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Chapter 4 

COMPARATIVE STATIC ANALYSIS 

In this section, we investigate the effect of introducing foreign exchange operations (in- 

cluding foreign currency positions in both spot and futures contracts) on the bank’s 

optimal domestic loan extensions and domestic interest rate futures position. 

To that end, we deliberately focus attention on time 0 hedging decisions. __In ad- 

dition, to make the analysis simpler (but without loss of generality), we assume the ex- 

istence of a single foreign currency, a zero liability position in foreign curencies, and the 

availability of reinvestment opportunities at a (nonstochastic) risk free rate. Suppose 

that the bank is currently engaged only in domestic banking activity and holds no 

spot/futures positions in foreign currencies (i.e, CG = Ci = h = Fi = 0). In this 

situation, the profit function reduces to 

Myo = Kot + LR, + fR,y (3.1) 
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Once the bank also engages in foreign exchange operations including currency futures 

contracts and foreign currency denominated assets, the profit function becomes 

~ 

Ty = Kyt + LR, + fR, + Cy Reg + Fy Bro 

+ E(C}) Ra + E(F,) Rr (3.2) 

4.1 Effect of Introducing Spot Foreign Exchange Operations on Loan 

Extensions 

The effect of introducing foreign exchange operations on the time 0 optimal decision 

with regard to domestic loans is determined by examining the first order conditions of 

equation (3.2) including international banking but _ evaluated at 

Q=C=Kh=F =0. LetQ = G =h = Ff =0 be denoted byQ = 0. The first 

order condition of equation (3.2) with respect to L is given by 

E(U (My) RJ = 0 (3.3) 

We define L,; as the optimum level of loan extensions in the presence of foreign ex- 

change operations. From equation (3.3), implicit differentiation of L., with respect to 

C, evaluated at Q = 0 gives 

dl | ELUM ye) Rr Rol 
en E[U" (Tyo) R/] 
  (3.4) 
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The sign of equation (3.4) provides the direction of change in the bank’s optimal decision 

on loan extensions with respect to holding positions in foreign currencies. A positive 

(negative) sign implies that the bank extends more (less) loans if it has access to foreign 

currency asset markets. From the second order condition, the denominator is negative 

and the sign of equation (3.4) is determined solely by the numerator, E [U"(Twe) R, Ral. 

This numerator can be expanded using the definition of covariance as 

E[U (Two) Ry Ro] = ELU (Myo)] E(Ry Roo) + cov[U (Myo), RrRol (3-5) 

We assume that the utility function is a three-times differentiable function with 

U"'(Ty.) >0, Tyo, R,, and Re all have normal marginal distributions, and the joint dis- 

tribution of TI,, and R; Ro can be closely approximated by a joint normal distribution. 

Then, equation (3.5) can be rewritten using Rubinstein’s result (1976) as 

E[U (lwo) Ry Reo) = ELU (Mwo)] E(Ry Roo) + ELU” (yo)] cov (Tyo, Ri Ro) (3.5a) 

We know that if utility function is characterized by constant absolute risk aversion, 

then’ 

U"(I1) 

U'(I) 
  5 We defined in previous chapter that — = x, which is a constant absolute risk aversion 

parameter. Totally differentiating gives 

Ud) Ud) — (uy 
7 > =O. 

CU (I) 

  

This implies that 
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E{U™ (11,,)] 

E[U’ (I1,,,)] 

Also, it is shown by Stevens (1971) that if x, y, andz all have normal marginal distrib- 

utions, then 

cov(xy, Zz) = Ely) cov(x, z) + E(x) cov(y, Z) 

Using the above characteristics of constant absolute risk aversion and Stevens’ result, 

we can rewrite equation (3.5a) as 

E[U"(Iyo) Ry Ro] = E[U' (Ty,)] { [cov(R; Ro) + E(R) E (Ro)] 

— x [E(Ro) cov (Myo, R) + E(R) cov (Myo, Reo)}} (3-5) 

Equation (3.5b) can be simplified by using the first order condition with respect to L in 

the absence of foreign exchange operations. The first order condition under the as- 

sumption of a utility function which is characterized by constant absolute risk aversion 

is given by 

E(R) = ycov(Il,., 2) (3.6a) 

It can be shown that 

cov(T yy, Reo) = Ly covR;, Reo) + fun covRy, Reo) (3.66) 

Substituting (3.6a) and (3.6b) into (3.5b) gives 

E[U"(lyo) Ri Rol = ELU(My.)] { cov(R;, Ro) 
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— Xx E(R) [ wo cow R; ’ Roo) + Svo couR,, Ro)] } (3.7) 

Equation (3.7) provides the following proposition. 

Proposition 2. (a) If the net interest revenue (net of deposit costs) per unit of loans 

is expected to be zero, then the existence and availability of foreign currency spot mar- 

Kets induces the risk-averse bank to extend more (less) loans as CD (or Eurodollar) in- 

terest rates are positively (negatively) correlated with foreign exchange rates. 

(b) If the bank perceives ex ante positive net interest revenue and domestic CD (or 

Eurodollar) interest rates are independent of foreign exchange rates, then the existence 

and availability of foreign currency spot markets induces the risk-averse bank to extend 

more (less) loans as spot foreign exchange rates are negatively (positively) correlated 

with interest futures rates.® 

proof. (a) Under the assumption that E(R) = 0, equation (3.7) reduces to 

E[U" (Myo) Ry Ro] = E(U"(Myo)] con(R,, Ro) 

However, 

con, Rey) = cov[(Rp — Ri), (1 + Ryze) (1 + Ro) $1] 

or 

covR,, Rig) = — (1 + Rye) (1 + Ro) cov(Ry , 3) , 

6 We presuppose that f,. <0 for this proposition. | Koppenhaver (1990) reports that banks with assets 
greater than $500 million have been net short in futures and forward contracts during 1983-1987. 
However, if fy. > 0, the reverse of the proposition holds true. 
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where R,,. = the (nonstochastic) risk-free reinvestment rate prevailing in the second 

period. Since E[U"” (1...)] <0 by the strict concavity of utility function, we obtain 

E[U’ (Tyo) R; Roo] = 0 as coR;, S;) = 0. 

(b) If cov(R,, Ro) = 0, then equation (3.7) reduces to 

E[U' (Tyo) RB Rio] = — Xfy0 ECU" (Tyo)] E(R) con(Ry, Rig) 

However, 

cov(Rr, Reo) = (1 + Rye) (+ Ro) cov (S,, Pf). 

If E(R) > 0, we obtain 

ELU'(I,,) Ry Ro] 2 0 as cov'S,, Pi) = 0. 

An intuitive explanation for the proposition can be made within the context of return- 

risk tradeoff. Given that net interest revenue per unit of loans is expected to be zero, 

positive (negative) correlation between CD (or Eurodollar) interest costs and exchange 

rates decreases (increases) the covariance risk between net interest revenue and return 

from holding foreign currencies. The reduction (rise) in the covariance risk, in turn, 

reduces (raises) the variability of bank profits. | Thus, the risk-averse bank optimally 

extends more (less) loans when CD (or Eurodollar) interest rates are positively (nega- 

tively) correlated with foreign exchange rates. On the other hand, positive (negative) 

correlation between spot foreign exchange rates and interest futures rates increases (de- 

creases) the covariance risk between returns on holding foreign currencies and from 

trading interest futures contracts. |The rise (reduction) in the covariance risk raises 
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(reduces) the variability of profits. The rise (reduction) in the variability of profits aris- 

ing from the existence and availability of spot currency markets dominates (is dominated 

by) ex ante positive profit opportunities (from assumption) in the loan market. The 

Comment: Changes in domestic interest rates relative to foreign interest rates are 

often cited in international monetary economics as a major factor affecting exchange 

rates. Suppose that the domestic CD (or Eurodollar) interest rate rises while expected 

inflation is exogenously given. Then, the rise in domestic CD (or Eurodollar) interest 

rates indicates that the expected return on dollar assets relative to foreign assets will in- 

crease at all exchange rates. The demand for dollar assets will increase and the value 

of the dollar appreciates (or the foreign currency depreciates). That is, S, decreases in 

our model. This suggests that cov(Ry ; Si) <0 and thus the existence and availability 

of foreign currency spot markets induces the risk-averse bank to extend less loans, given 

expected inflation and zero expected net interest revenue.’ 

7 However, when the domestic CD (or Eurodollar) interest rate rises because of an increase in expected 
inflation, we will get a different result. The rise in domestic expected inflation leads to an expected de- 
preciation of the dollar which is typically thought to be larger than the increase in the domestic CD (or 
Eurodollar) interest rate. As a result, the expected return on dollar assets falls relative to the expected 
return on foreign assets. The demand for dollar assets declines and the value of dollar depreciates. This 

suggests that cov(R ,S 1) > 0 and thus the bank will extend more loans. 
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4.2 Effect of Introducing Currency Futures Markets on Interest Rate 

Futures Position 

In this part, we seek to examine the effect of introducing currency futures markets on 

the bank’s optimal interest rate futures position. | Our desire is to demonstrate that 

extant bank hedging literature that does not consider the interdependence between in- 

terest and exchange rates is misleading about the optimal futures position. In fact, the 

bank’s willingness to establish interest rate futures contracts to hedge interest rate risks 

will be influenced by the existence and availability of currency futures markets. Due 

to the interdependence between interest and exchange rates (and thus interdependence 

between interest futures and currency futures rates), part of the interest rate risk could 

be covered by positioning in currency futures contracts. 

By exactly parallel reasoning that we have followed in the previous section, we ex- 

amine the implicit function of the first order condition. The first order condition of 

equation (3.2) with respect to f is given by 

E[U (I,,) Rp] = 0 (3.8) 

The optimal interest rate futures position in the presence of currency futures markets is 

obtained from the solution of equation (3.8). Implicit differentiation of f., with respect 

to / evaluated at Q = 0 gives 

af’, __ELU (Myo) Ry Reo] 

i E LU (Myo) Rf] 
  (3.9) 
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The numerator of equation (3.9) can be expanded by the same manner as we have pur- 

sued in section 3.1. 

E[U (Tyo) Rp Reo] = EU (Myo)] { cov(Ry, Reo) 

— xE(R)C Lyo coR), Ryo) + Fuoco Res Rell} (3-10) 

Equation (3.10) provides the following proposition. 

Proposition 3. (a) If the bank perceives ex ante profit opportunities in the interest 

rate futures market and interest rate futures rates are independent of currency futures 

rates, then the existence and availability of currency futures markets induces the risk- 

averse bank to establish more (less) interest rate futures position as CD (or Eurodollar) 

interest rates are negatively (positively) correlated with currency futures rates. 

(b) If interest rate futures markets are represented by martingale-efficiency, then 

the existence and availability of currency futures markets induces the bank to establish 

more (less) interest rate futures position to hedge interest rate risks as interest futures 

and currency futures rates are negatively (positively) correlated. 

Proof. (a) lf cov(R,, Rn) = 0, then equation (3.10) reduces to 

E(U (Myo) RpRrol = — x Lo ELU (Myo)] E(R) cov(R,, Reo) - 

However, 

couR;, Rr) = — (1 + Ryze) co(R,, Qi) . 

If E(R) > 0, then 
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E[U (Myo) Ry Rm] 2 0 as co, O) = 0 

(b) If E(R) = 0, then equation (3.10) reduces to 

E [U' (Myo) Ry Reo] = E[U'(H,,)] cov(Re, Ryo) « 

Since cov(R;, Rm) = (1 + Rew)? cov(P{, Of and E[U"(T1,,)] <0, we can conclude that 

E[U"(Iyo) Ry Rr] 2 0 as couPt, Or) S 0 

An intuitive explanation for the proposition can be made following the same line of 

reasoning as in proposition 2. | Given the assumptions of (a), positive (negative) cor- 

relation between CD (or Eurodollar) interest costs and currency futures rates decreases 

(increases) the covariance risk between net interest revenue and return from trading 

currency futures contracts. The reduction (rise) in the covariance risk, in turn, reduces 

(raises) the variability of bank profits. This reduction (rise) in the variability of profits 

due to the existence and availability of currency futures markets dominates (is dominated 

by) ex ante positive profit opportunities (from assumption) in the interest rate futures 

market. The risk-averse bank, therefore, optimally establishes less (more) interest rate 

futures position when CD (or Eurodollar) interest rates are positively (negatively) cor- 

related with currency futures rates. On the other hand, given the martingale-efficient 

interest rate futures markets of (b), positive (negative) correlation between interest fu- 

tures and currency futures rates raises (reduces) the variability of bank profits. Hence, 

the existence and availability of currency futures markets induces the risk-averse bank 

to establish less (more) interest rate futures position when interest futures and currency 

futures rates are positively (negatively) correlated. 
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Chapter 5 

EMPIRICAL ANALYSIS 

In this chapter, we design empirical tests based on the theoretical analysis, as described 

in the previous chapters. We seek to estimate joint optimal hedge ratios and implement 

hypothesis tests. 

5.1 Econometric Issues 

The joint optimal hedge ratios for the bank facing both exchange and interest rate risks 

can be empirically estimated by recognizing the structure of multivariate regressions. 

To begin with, we estimate the time 0 optimal joint hedge ratios, assuming that the 

bank’s participation in futures markets is not motivated by the speculative opportunities, 

Le., the minimum risk hedge ratio. Then, equation (2.15) can be stacked into a system 

as 

g, = AK, + BI (4.1) 
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, where 

41 cowR,, T) 4 y 
A = —Zi ~ . ’ B = —- Da Lx ’ t = a ’ 

covRpp » T) E(P2) 

var(R,) cov(Ry, Ry) 

21) = ~ oo» ~ 
cow(Rp, Ry) var(Rg) 

cov(Ry, R) cov( Ry, Rio) cow Ry, R.:) cov(Ry, Rr) 
Lx = ~ ~ ~ ~ ~ ~ ~ ~ 

covRrp, R,) cov(Ryp, Rio) cov(Rrp, Ry) cov(Ryp, Rry) 

Ais(n + 1)x 1 column vector of constants and reflects the role of capital adequacy 

arising from the existence of reinvestment opportunities. That is, the extent to which 

the regulatory capital requirement influences the bank’s optimal futures position is given 

by the coefficients of the theoretical multiple regressions of Tt on (Ry, Ra). 

Bis(m + 1) x (3m + 1) matrix of hedge ratios and [is (3m + 1) x 1 column vector of 

underlying asset positions to be jointly hedged. Equation (4.1) suggests that the bank 

should hedge an “anticipatory position risk” as well as exchange rate and interest rate 

risks. The decisions on L, Cy,- and E(p;) establish interest rate risk, exchange risk, and 

anticipatory position risk, respectively. The anticipatory position risk occurs when there 

exist futures and spot market positions expected to be taken in the future [See, 

Koppenhaver (1984)]. The bank’s time 0 optimal joint hedge ratio such that exchange 

rate risk, interest rate risk, and antipatory position risk are minimized simultaneously is 

given by B (= [27 Z-]) which is the (n + 1) x (3m + 1) matrix of the coefficients of the 

theoretical multivariate regressions of (R, Ro, Ra, Ra) on (Ry, Rp). 
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The empirical tests associated with an estimation of multivariate regression coeffi- 

cients require careful examination of their statistical validity. | Due to an integrated 

framework of interest and currency futures markets in our model, we need a technique 

that allows for a simultaneous estimation of different futures returns and thus a 

system-wide application [See, Hodrick and Srivastava (1987), Morgan, Shome, and 

Smith (1988), Meese and Rogoff (1989), Huang (1990), for various examples of system 

estimation]. Also, returns in foreign currency spot and futures markets show substan- 

tial time-varying variance that can be represented as conditional heteroskedasticity [See, 

Cumby and Obstfeld (1983), Hansen and Hodrick (1980, 1983), Hsieh (1988), 

Giovannini and Jorion (1989), Lewis (1990)]. These characteristics in international fi- 

nancial assets give rise to a difficulty in extracting reliable statistical estimates by means 

of conventional econometric techniques. In addition, the presence of conditional 

heteroskedasticity creates uncertainty about the interpretation of the test statistics [See, 

Hodrick (1987)]. 

Recently, Engle (1982), Hansen (1982), and Bollerslev (1986), among others, have 

developed econometric techniques that allow us to tackle the conditional 

heteroskedasticity problem. ARCH (Autoregressive Conditional Heteroskedasticity) 

model suggested by Engle (1982), imposes an autoregressive structure on conditional 

variance of a time series, allowing disturbances to change stochastically over the sample 

period. The conditional variance is modelled as a linear function of past squared errors, 

leaving the unconditional variance constant. ARCH processes are mean zero, serially 

uncorrelated (but not independent as the disturbances are related through second mo- 

ments) processes with nonconstant variances conditional on the past (but constant un- 

conditional) variances. Bollerslev (1986) has extended ARCH model, allowing lagged 
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conditional variances to enter as well in the construction of conditional variances 

[GARCH (Generalized ARCH)]. 

An alternative statistical technique is GMM (Generalized Method of Moments) 

model suggested by Hansen (1982). Assuming stationarity and ergodicity of observable 

variables, the GMM model constructs population orthogonality conditions on the dis- 

turbance terms allowing for both serial correlation and conditional heteroskedasticity. 

A GMM estimator is obtained by minimizing the criterion function which is a quadratic 

form of the orthogonality conditions with appropriate weighting matrix. 

While the two types of econometric models (GMM and GARCH) that tackle the 

conditional heteroskedasticity problem achieve the same consistency of estimators, 

GMM which is an analogue to SUR (Seemingly Unrelated Regression) provides a way 

to estimate the parameters of system and is more appropriate for meeting our needs. 

GMM 1s applicable regardless of the frequency of the data, while GARCH is applicable 

only to daily or weekly data [See, Hodrick (1987) and Hsieh (1989)]. GMM produces 

a robust estimation [See, Mark (1988)]. 

5.2 Estimation Issues 

AS mentioned in the footnote of Chapter 2, the use of currency futures contracts by U.S. 

banks is concentrated among the German mark, British pound, Japanese yen, Swiss 

franc, and Canadian dollar. Conforming to our theoretical analysis, we assume that 

U.S. banks use only T/B futures contracts to hedge interest rate risks. This produces 

a total of six different futures contracts differentiated by contract type and foreign cur- 
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rency to be analyzed. Following Hansen (1982), Hodrick and Srivastava (1987), and 

Meese and Rogoff (1988), we describe the GMM estimation procedure. 

Before proceeding, we define 

T = the number of observations. 

Y = ([t Ry Re Ro. Raj], wherej = 1,2,...,5. 

X, = the(T x 7) matrix with typical row element of (1, R,., Rh,,), where k = 1,2,3, 

B. the (7 x 1) vector of regression coefficients. 

€&, = the(T x 1) vector of disturbances. 

Then, the system of equations can be written as 

Y, X, 0 0 0 || B, g, 

Y, 0 X, 0 o || Bp, E, 

Y; 0 0 X; 0 || Bs E, 
eo @ 8 

e e e e ° e e 

= eo ¢ 6 + 

e e e e ® e e 

Cn eo 

e e e e e e 6 

e e e e e e e 

Y17 0 9 0 Xi7 || Biz €7 
| | | IL | |                 

This can be written more compactly as 

EMPIRICAL ANALYSIS 61



Y = xP + 6, (4.2) 

The dimension of Y is a (17T x 1) vector, X is a (17T x 119) matrix, B is a (119 x 1) 

vector and € is a (17T x 1) vector. 

Following Hodrick and Srivastava (1987), we can write the matrix of instruments 

as 

    
, where 

I = the identity matrix of dimension seventeen. 

Zi = [1 Lae Lage eee Zs,.], Where Z,,, is the observation on the jth futures instrument 

at time t. 

«) = the Kronecker product. 

Z = the(177 x 119) matrix of instruments. 
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We choose Eurodollar rates as instrument for R; , Eurodollar futures rate differentials 

as instrument for (Pf — P§), and forward exchange rate differentials as instrument for 

(Of — Qf). This is because the instrumental variables chosen are shown to be highly 

correlated with exogenous variables [See, Tables 1 and 2]. It follows that the sample 

orthogonality conditions are given by 

g(B) = 42 (4.3) 

, where € = Y — xB. The GMM criterion (distance) function is obtained by making 

g,(B) a quadratic form with appropriate weighting matrix [See, Hansen (1982)] and is 

given by 

2 ‘ , J,(B) = (+) eZwyZe (4.4) 

, Where Wy, = the (119 x 119) symmetric weighting matrix. The GMM estimates for 

B are chosen by minimizing the criterion (distance) function, (4.4), with respect to B. 

Boum = (XZW7ZX)'X'ZW,ZY (4.5) 

Hansen (1982) shows that Bom is consistent and asymptotically normal. Newey and 

West (1987) demonstrate that the optimal choice of Wr as a positive-definite time- 

domain estimator is 

m-=1i7 

Wr =|) + >) dm) (by + 9) (4.6) 
j=l 

, where 
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T 
A 1 A Ap 

b= (=) >) yh, 
t=j+1 

, where h, has as its typical element Z, é,. 
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5.3 Data and Methodology 

Equation (4.1) is the starting point for the empirical test. We estimate A and B using a 

GMM model, given various return data on spot and futures contracts. The matrix of 

parameter estimates derived from the GMM estimation will be used to implement the 

hypothesis tests. 

5.3.1 Descriptive Statistics 

For an illustration of volatilities of and correlations among (spot and futures) interest 

and foreign exchange rates, we present Figures 1 through 8 and Tables | through 2. 

Figure | exhibits that Eurodollar interest rates have been higher than domestic CD 

rates throughout our sample period but the magnitude of the difference has been reduced 

to a great extent in the late 1980’s. The two interest rates have moved in the same di- 

rection, reflecting positive correlation. Figure 2 shows that foreign exchange rates in 

the second half of the 1980’s have been higher than those in the first half of the 1980's, 

indicating a depreciation of the U.S. dollar. Figures 3 and 4 show the same evolution 

of the futures rates as that of the spot rates. The variability of interest rates as meas- 

ured by absolute deviation from mean and of foreign exchange rates as measured by 

percentage absolute deviation from mean is presented in Figures 5 and 6, showing a 

great deal of volatility in interest and foreign exchange rates. Interest and currency fu- 

tures rates have also been greatly volatile as seen in Figures 7 and 8. Table 1 demon- 

strates highly (but not perfectly) negative correlations among domestic CD rates and 

foreign exchange rates (with the exception of British pound), which is consistent with the 
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partial equilibrium version of IRP theorem. Foreign exchange rates are highly posi- 

tively correlated to one another. 

In summary, during our sample period, interest and foreign exchange rates have 

been extremely volatile and highly (but not perfectly) negatively correlated. This em- 

pirical evidence provides substantiation for us to focus attention on bank risk manage- 

ment, particularly in a simultaneous framework. 

5.3.2 The Estimation of Optimal Hedge Ratios 

To estimate A and B using a GMM model, we construct all the returns associated with 

bank hedging activities (i.e., 7, R, R, Ro, Ra, Ra, Ra) for a given holding period. 

These returns are constructed consistent with a two-period model. This two-period 

perspective dictates the construction of the data set for this study. The spot and futures 

rates are collected for foreign currencies: the British pound, Canadian dollar, Japanese 

yen, Swiss franc, and German mark, all relative to the U.S. dollar. The data are closing 

quotations of the third Monday of March, June, September, and December from the 

Wall Street Journal. Not a single Monday falls on a holiday in our sample periods. 

Prime rates charged by banks are used as a proxy for loan rates and are obtained from 

the Federal Reserve Bulletin. Foreign interest rates and CD rates are also obtained from 

the Federal Reserve Bulletin. Based on these raw data (time-series), we construct a data 

set of relevant ex post returns. 

International Monetary Market (IMM) currency futures contracts are delivered on 

the third Wednesday of March, June, September, and December and expire two business 

days earlier on the delivery date. There is also a two-day delivery lag for spot contracts. 
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To match the spot settlement date to the delivery date on the currency futures contract 

requires that the maturity for the currency futures rate correspond to the spot exchange 

rate at the expiration. The T-bill futures contract has a time to maturity of 90 days at 

the expiration of the futures contract. The contracts trade for delivery in March, June, 

September, and December with trading ending according to a schedule established by the 

Chicago Mercantile Exchange. Like the T-bill futures contract,® the Eurodollar futures 

contract has a three-month maturity but trading ends on the same day as the currency 

futures contract. To avoid a conflict in expiration dates between the foreign currency 

futures contract and the T-bill futures contract, we assume that banks liquidate T-bill 

futures positions on the day when foreign currency futures contracts expire. We also 

assume that long-term loans have six-month maturity and the bank receives two interest 

payments. 

To minimize the potential for mismatching in spot-futures return comparisons, we 

adopt a quarterly sampling interval of the data, beginning in June 1982 and ending in 

March 1990. We can construct 30 six-month grand periods for the entire time horizon, 

each of which is divided into two equal length holding-periods to comply with the the- 

oretical part of the study. The first grand period begins in June 1982 and ends in De- 

cember 1982. Each subsequent grand period is constructed by adding new quarterly 

spot and futures return data and deleting the initial quarter’s data for a period of De- 

cember 1982 thru March 1990. Using this moving window procedure, we can construct 

60 quarterly holding-period returns. The autocorrelation caused by this moving window 

procedure does not harm the estimation because GMM _ accounts for any 

autocorrelation as well as cross equation correlations. 

8 But unlike the T-bill contract, the Eurodollar futures contract is fulfilled by cash settlement. 
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The optimal hedge ratios can be estimated by running the following 17 regression 

equations as a GMM model: 

t= Bry + ByaRee + BiaRro + Bi aRro HF sessees + Bi 7Rro. + Ents 

Rit = Bay + BaaRpr + Ba3Rrot + BoaRpog + oo + Bo7Rrot + bap 

Reo, = B31 + BsaRee + B33Rro4 + Bs aRro. HF oseeeens + B34Rro. + €3 145 

e e e e 

e e e e 

Reo = Bay + BoaRee + Br3Rroe + Ba gRro. + seesees + BraRioe + Erp 

Reis = Bgi + BsrRpr + Bs3Rro. + Bs aRrvs HF sseeees + Bs aro, + £8 ty 

e ® e e 

e e ® ® 

Reis = Biar + BraaRpe + Bin3Rros + BiraRrot TH seseeee + Bi2n.7R Po, + E12 4 

Rrig = Bigr + BisaRee + Bis3R ro + BisaRro. TP oseeeens + BiszaRron + E1305 

e ® e e 

® e e ® 

Reis = Biga + BizaRpe + Bi73R pot + BiraRro. Ho seeeees + B17. + E17 
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5.3.3 Hypothesis Tests 

The following five hypotheses can be tested from the GMM estimation. 

(1) Capital Adequacy Irrelevance Hypothesis 

Hy: all B), = 0 forj = 2,3,...,7. 

The implication would be that the terminal level of capital (after accounting for rein- 

vestment opportunities) should not be taken into consideration by banks in formulating 

optimal futures positions.? We will refer to this as the “capital adequacy irrelevance hy- 

pothesis”. Based on theory, we expect to reject this hypothesis because the level of 

capital contributes to a decrease in interest rate risk and therefore should reduce the 

number of futures contracts banks should take. Capital does not play a role in foreign 

exchange risk and we expect irrelevance with respect to foreign currency futures posi- 

tions. 

(2) Naive-Single Market Hypothesis 

all B,, =0 if i#/ 

Hy: and 

for each i (i = 2,3,....,7 andy = 2,3.,....,7). 

9 The importance of this problem has been addressed by Morgan and Smith (1987). However, this prob- 
lem has received no attention in the empirical hedging literature. 
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The hypothesis is that to hedge the ‘th type of spot position, the bank should take 

only a position in the corresponding (i = j) futures contract that is opposite in sign but 

in the same amount of units as the ith type of instrument being hedged in the presence 

of both interest and foreign exchange rate risks. This hypothesis is a joint hypothesis 

on the magnitude of the position and that cross-hedging is unnecessary. We will refer 

to this as the “naive-single market hypothesis”. We anticipate that this hypothesis will 

be rejected based on the belief that correlations are high (but not perfect) between for- 

eign exchange rates and interest rates. 

(3) Own-Market Hypothesis 

H,: all Bij = (0) 

for each i (i = 2,3,....,7 andj = 2,3,....,7) and i 4/. 

This implies that to hedge the ith type of spot position, the bank will take a posi- 

tion only in the corresponding (i = j) futures contract (but not naively) and will not take 

into consideration any cross-hedging opportunities. The value of f,, being significantly 

different from zero implies that the bank will engage in cross-hedging activities to hedge 

a specific type of spot position. This is a subset of the naive-single market hypothesis. 

Again we expect to reject this hypothesis. 

(4) Intertemporal Position Irrelevance Hypothesis 

H): all Biy =(0 

foreach i (i = 8,9,....,17 andj = 2,3.,....,7). 
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This implies that current positions (whether they are spot or futures) should not 

account for future positions (spot or futures) that banks will take for the next period, 

i.e., future positions are irrelevant when they make current decisions on the spot and 

futures positions. We will refer to this as the “intertemporal position irrelevance hy- 

pothesis”. This test is designed to identify any intertemporal component to hedging 

behavior that would result from correlations in price movements across periods. 

(5) International Banking Hypothesis 

We desire to implement a test of whether or not hedge ratios are the same for do- 

mestic and international banks. This test is given by the null hypothesis that 

7 

Hy: >, By = 0 

i=3 

for each j = 1,2,...,7. 

This implies that optimal hedge ratios are the same for the two types of banks. 

We will refer to this as the “international banking hypothesis”. 

Alternatively, this null hypothesis test can be implemented by demonstrating that 

the parameters of each of the following two time-series regression equations are the 

same. 

d Ren = By + BaRye + BaRroas + + ByRrocs + &: 

and 
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i 
Re = yee + y3Reogy + oe + y7Rroge + & 

»where 

Rem = the sum of zt and R,, which reflects the spot return from engaging in domestic 

banking activity only. 

Rr = the portfolio return as measured by the sum of t, R, Ros, Rac, Ra, Ras, 

and Rag, which reflects the spot return from engaging in global banking ac- 

tivity. 

The null hypothesis then would be 

Hy: 2; = 71, bo = %; ceceence » By = ¥7- 

This implies that hedge ratios in the presence of international banking activity are the 

same as those in the absence of international banking activity. This enables us to use 

a Chow test which is well-known in econometrics for the equality test of two regression 

equations. The appropriate test statistic for the Chow test is given by 

(SSEp — SSE, — SSE))| K 
(SSE, + SSE,)/ (nm, + m — 2K) 
  

which is (asymptotically) distributed as an F with K degrees of freedom for the numera- 

tor and (m + m — 2K) degrees of freedom for the denominator. XK represents the 

number of parameters to be estimated and ™ (m,) represents the number of observations 

for the first (second) regression equation as described by the above. SSE, represents 
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the error sum of squares for the (m + m) observations and SSE, (SSE,) represents the 

error sum of squares for the first (second) m (7) observations. 

For tests other than the alternative test of international banking hypothesis, we 

follow Hodrick & Srivastava (1987), Meese & Rogoff (1989), and Huang (1990) in which 

tests are conducted by employing a Wald test with constraint of HBcua = Y. It is 

shown by Hansen (1982) that from the asymptotic distribution theory 

—1 

, Sa VBoud) H “ 
(HBouu — Y) ad (HB cum — Y) 

is distributed as a chi-square with degrees of freedom equal to the row dimension of H. 
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5.4 Empirical Results 

The results from estimating the regression equations with SUR and GMM techniques 

are presented in Table 3 and Table 4 respectively. The results from the Wald test for the 

hypothesis tests are presented in Table 5 through Table 9. In Tables 3 and 4, the first 

column lists dependent variables and each row lists the coefficients for the independent 

variables as required by regression equations in section 5.3.2. Panel A of Table 4 re- 

ports GMM hedge ratio estimates for hedging against the uncertainty of various spot 

positions. For example, the GMM hedge ratios for hedging the interest rate risks are 

-0.4502 for interest rate futures contracts, -0.0174 for British pound futures contracts, 

0.0383 for Canadian dollar futures contracts (though not statistically significant), 0.0190 

for Japanese yen futures contracts (though not statistically significant), -0.0803 for Swiss 

franc futures contracts (though not statistically significant), and 0.0730 for German 

mark futures contracts. Panel B of Table 4 reports the GMM hedge ratio estimates for 

hedging anticipatory foreign currency spot positions. For example, the GMM hedge 

ratios for hedging the anticipatory British pound spot position risk are 1.6327 for interest 

rate futures contracts, -0.0582 for British pound futures contracts (though not statis- 

tically significant), 1.1952 for Canadian dollar futures contracts, 2.1385 for Japanese yen 

futures contracts, -1.1563 for Swiss franc futures contracts (though not statistically sig- 

nificant), and -1.6501 for German mark futures contracts (though not statistically sig- 

nificant), Panel C of Table 4 reports the GMM hedge ratio estimates for hedging 

anticipatory currency futures position risks. 

Table 5 through Table 9 report the values of the chi-square test statistics for vari- 

ous hypotheses. For example, the second row of Table 7 shows that the value of the 

chi-square test statistic of 168.1732 which is large in number provides evidence against 
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the null hypothesis that taking only interest rate futures positions with an appropriate 

hedge ratio is complete enough to hedge interest rate risks. Table 9 shows the value of 

the F-test statistic from employing Chow test for international banking hypothesis. 

5.4.1 Point Estimates of Optimal Hedge Ratios 

As can be seen in Tables 3 and 4" , the empirical hedge ratios from the SUR and GMM 

estimation do not differ in a particularly dramatic way, but the standard errors of the 

estimates have fallen in most cases due to the substitution of the weighting matrix into 

the distance function. The signs of GMM estimates virtually remain the same as those 

of the SUR estimates, but the hedge ratios are slightly larger for the GMM estimation 

than for the SUR estimation. Since the GMM model provides a way to achieve 

consistent estimators in the presence of conditional heteroskedasticity, our analysis of 

hedge ratios will be based on the GMM estimates. 

The second row of Panel A of Table 4 shows that to hedge against the variability 

of the deposit cost savings per unit capital that results from capital adequacy requires 

banks take a short position only in interest rate futures contracts for which the hedge 

ratio is 0.4047 with a significance level smaller than 0.05. Foreign currency futures po- 

sitions are of little significance for hedging the variability due to capital adequacy. This 

implies that taking an appropriate hedge for the interest rate futures contracts is com- 

plete enough to minimize the risk arising from capital adequacy. 

10 Some may argue that high (but not perfect) correlations among explanatory variables are likely to cause 
multicollinearity problem in the estimates. However, this does not impose a great deal of statistical 
problem on the estimates for our sake. This is because estimators for the multicollinear variables are still 
unbiased (and consistent) and inflated standard errors (due to the existence of multicollinearity ) would 
have increased levels of significance; this would, in fact, only reinforce our findings of statistically signif- 
icant hedge ratio coefficients. 
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Panel A of Table 4 reports that under the simultaneous hedging framework, the 

hedge ratio against the interest rate risk for interest rate futures contracts is significantly 

less than 1, but the hedge ratios against foreign exchange rate risks for the corresponding 

currency futures contracts are significantly greater than 1. The optimal (direct) hedge 

ratios in this study are -0.4502 for interest rate futures, -1.1496 for British pound futures, 

-1.2185 for Canadian dollar futures, -1.1377 for Japanese yen futures, -1.1383 for Swiss 

franc futures, and -1.2405 for German mark futures contracts. All of the hedge ratios 

are larger in magnitude than hedge ratios reported by other researchers. For example, 

Ederington (1979) reports that optimal hedge ratio for interest rate (T/B) futures con- 

tracts is -0.237 for two-week hedges and -0.427 for four-week hedges. Grammatikos and 

Saunders (1983) report that optimal hedge ratios for currency futures contracts are 

-0.8245 for British pound futures, -0.8376 for Canadian dollar futures, -0.7145 for 

Japanese yen futures, -0.9988 for Swiss franc futures, and -0.9923 for German mark fu- 

tures contracts. Evidence presented here indicates that other studies on hedging (though 

they are concerned with hedging by individuals rather than by banks) have understated 

the magnitudes of short futures positions that banks should take. The evidence here 

shows that banks should use the futures markets to a substantially greater extent for 

hedging overall market risk rather than hedging each component of market risk sepa- 

rately. The addition to the bank’s portfolio of spot positions with different character- 

istics provides an impetus for banks to utilize even more futures contracts. 

Panel A of Table 4 also reveals that to hedge domestic interest rate risks, banks 

should take short positions in interest rate futures contracts and, at the same time, short 

positions in British pound futures contracts and long positions in German mark futures 

contracts as well. To hedge foreign exchange rate risks, banks should take short posi- 

tions both in the interest rate futures contract and in the corresponding futures contracts 
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but, at the same time, long positions in some cross-currency futures contracts. This 

empirical evidence indicates that the hedging decisions in the presence of both interest 

rate and foreign exchange rate risks should consider the interdependence between do- 

mestic interest rates and foreign exchange rates (and thus with foreign currency futures 

rates). The significant negative correlation between interest rates and foreign exchange 

rates is consistent with a partial equilibrium version of the Interest Rate Parity theorem. 

Panel A of Table 4 also shows that taking short positions in interest rate futures 

contracts is necessary to hedge foreign exchange rate risks (with the exception of Swiss 

franc exchange rate risk) as well as interest rate risks. While British pound futures 

contracts do not provide the ability to hedge overall foreign exchange rate risks other 

than own exchange rate risks, Japanese yen futures contracts are indispensible for 

hedging any of the foreign exchange rate risks. Banks with portfolios of currency posi- 

tions who wanted to minimize risks during our sample period should have taken short 

positions in German mark futures contracts but long positions in all the other foreign 

currency futures contracts (with the exception of British pound futures contracts) to 

hedge overall foreign exchange rate risks (except for direct hedging). This could result 

from the German mark futures contracts being priced at a premium over the spot while 

other currency futures contracts were priced at a discount from the spot during our 

sample period [See, Thomas (1986)]."' However, as can be seen in Table 10, our results 

show that Japanese yen, Swiss franc, and German mark futures contracts have been 

priced at a futures-market-premium (premium rates are 1.27%, 1.78%, and 0.96% re- 

spectively) but British pound and Canadian dollar futures contracts have been priced at 

1! Thomas (1986), based on random walk simulation model, argues that a profitable currency futures trading 
strategy is to take long positions on currencies priced at a discount and short positions on currencies priced 
at a premium. 
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a futures-market-discount (discount rates are 3.49% and 1.31% respectively). This 

demonstrates evidence against Thomas’ random walk currency futures trading strategy. 

From Panel B of Table 4, hedging anticipatory foreign exchange rate risks requires 

banks take long or short positions only in cross-currency futures contracts. The corre- 

sponding futures contracts do not function as a hedging tool (at least, for an 

anticipatory foreign exchange rate risk). For example, to hedge the anticipatory ex- 

change rate risk of Japanese yen spot positions, banks have to take long positions in 

Canadian dollar and German mark futures contracts but short positions in Swiss franc 

futures contracts. That is, banks are not required to take positions in Japanese yen 

futures contracts to hedge against the anticipatory exchange rate risk of Japanese yen. 

Cross-hedging is necessary to hedge anticipatory foreign exchange rate risks. Neither 

the interest rate nor any foreign currency futures contract is of help for hedging against 

anticipatory spot position on Canadian dollar. In contrasts, hedging anticipatory spot 

position risk on British pounds requires banks take long positions in Canadian dollar 

futures contracts, and Japanese yen futures contracts as well as interest rate futures 

contracts. Notice that taking long positions in Canadian dollar futures contracts is 

necessary to hedge anticipatory spot positions on all foreign currencies (except for the 

Canadian dollar). British pound futures contracts are, again, of no help for hedging any 

anticipatory spot position on foreign currencies and interest rate futures contracts do 

not provide a hedging function against anticipatory spot position risk of foreign cur- 

rencies (except for the British pound). Panel C of Table 4 shows that the situation for 

hedging anticipatory futures position risks of foreign currencies is, in essence, the same 

as that for hedging anticipatory spot position risk of foreign currencies. These results 

on anticipatory position hedging are novel. No other researchers have explored this 
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possibility either theoretically or empirically. This is an area open for much additional 

research to further document and explain the origins of this phenomenon. 

5.4.2 Results of Hypothesis Tests 

Table 5 reports the values of the chi-square test statistic for the capital adequacy 

irrelevance hypothesis. The joint test that all £,,forj = 2,3,....,7 are equal to zero is a 

chi-square statistic with six degrees of freedom. The value of the test statistic is 14.4596 

which corresponds to a significance level smaller than 0.05. This indicates that the 

capital adequacy irrelevance hypothesis is strongly rejected at conventional levels of 

significance. Hence, we report that banks and regulators should take capital adequacy 

into consideration when they formulate optimal futures positions. The issue of capital 

adequacy should play a vital role in bank hedging in futures markets. 

Table 6 shows the values of the chi-square test statistic for the naive-single market 

hypothesis. The joint test is all B, = Oifi#j and all B, = 1lifi = jfori = 2,3.....,7 

andj = 2,3,....,7.. The values of the chi-square test statistic (with six degrees of freedom) 

are 185.5916, 93.2260, 120.8892, 53.1127, 54.1560, and 30.1646 for interest rate futures, 

British pound futures, Canadian dollar futures, Japanese yen futures, Swiss franc futures, 

and German futures contracts, respectively. All the values of the test statistic have a 

significance level smaller than 0.01, indicating that naive-single market hypothesis is 

strongly rejected at conventional levels of significance for all risks considered here. That 

is, it is strongly rejected that to hedge the interest rate risk, for example, banks take the 

interest rate futures position that is opposite in sign but at the same amount of units as 

the net interest revenue position. This implies that it is not optimal to take a naive 

position in the corresponding futures contracts to hedge a specific type of spot position. 
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The values of the coefficients are significantly greater than one in all cases and that 

certainly contributes to rejection of the naive hypothesis. Thus hedgers should take 

futures positions opposite but of a larger magnitude than their spot positions. 

Table 7 reports the values of the chi-square test statistic for the own market hy- 

pothesis. The joint hypothesis is all 8, = Oif iA/j for i = 2,3,....,7 andj = 2,3,....,7. 

The values of the chi-square test statistic which are large in number demonstrate strong 

evidence against the null hypothesis that the bank takes a position only in the corre- 

sponding futures contract (but not naively). It is conventionally believed that banks 

should take only interest rate futures positions to hedge interest rate risks, or take only 

British pound futures positions to hedge foreign exchange rate risks of British pound, 

etc. This separate hedging strategy is strongly rejected by our empirical test. Banks 

must use a simultaneous, multi-contract hedging strategy whether they are hedging in- 

terest rate risk or foreign exchange rate risk. A portfolio of futures contracts should 

be employed even when the bank is only exposed to risk from one source. This result 

indicates that the naive-single market hypothesis rejects both because of the need for 

larger futures positions and the need for cross-hedging. 

Table 8 presents test results of the intertemporal position hypothesis for foreign 

currencies. The joint hypothesis is all £,; = 0 fori = 8,9,....,17 andj = 2,3,....,7. The 

results show strong evidence against the null hypothesis except for Canadian dollar spot 

and futures positions. This implies that the bank’s anticipated positions in foreign 

currency spot and futures contracts next period affect the current futures decisions (es- 

pecially the optimal hedge ratios). When banks anticipate future foreign currency spot 

and futures market positions, they should hedge the uncertainty of spot and futures po- 

sitions (what we called anticipatory position risk) as well as exchange rate return and 
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interest rate return risks. The results in table 7 only demonstrate evidence for the null 

hypothesis £,, = 0 for i = 8,9,....,17 andj = 2,3,....,7 in the case of Canadian dollar 

positions because the values of the chi-square test statistics are 6.9946 and 6.3760, re- 

spectively. One reason for this might be that the exchange rate of Canadian dollar, 

relative to other exchange rates, does not exhibit large variability over the long run as 

seen in Figures 2 and 4. This enables banks to predict long-run exchange rate move- 

ments to some extent and hedging anticipatory position risk becomes less important. 

Panels A and B of Table 9 show the values of the chi-square test statistic (from 

employing Wald test) and the F-test statistic (from employing the Chow test), respec- 

tively, for the international banking hypothesis. The joint hypothesis for the Wald test 

is that pa 8B, = 0 for eachy = 1,2,...,7. The value of the chi-square test statistic with 

7 degrees of freedom is 436.1293 which indicates that the null hypothesis is strongly re- 

jected. The joint hypothesis for the Chow test is that £, = y, for i = 1,2,3,....,7 as de- 

scribed by regression equations in section 5.3.2. The value of the F-test statistic with 

7 degrees of freedom for the numerator and 46 degrees of freedom for the denominator 

is 117.6857 which corresponds to a significance level smaller than 0.0001. Both tests 

show strong evidence against the null hypothesis that optimal (minimum risk) hedge 

ratios in the presence of international banking activity are the same as those for the 

domestic banking activity. This implies that international banking activity, as it is 

interrelated with domestic and international credit markets, should be considered when 

banks make decisions on optimal futures positions. 

Summary: Optimal hedge ratio estimates reveal that the variability due to capital 

adequacy can be hedged by taking only interest rate futures positions; foreign currency 

futures positions are of little significance for hedging capital adequacy variability. Pre- 
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vious studies on hedging have understated the magnitudes of short futures positions that 

banks should take; banks should use the futures markets to a greater extent for hedging 

overall market risk simultaneously rather than hedging each component of market risk 

separately. Recognition of the interdependence between interest rates and foreign ex- 

change rates is absolutely necessary to hedge overall market risk. Japanese yen futures 

contracts play a significant role in hedging overall foreign exchange rate risks, whereas 

British pound futures contracts are of no use for hedging overall foreign exchange rate 

risks other than own exchange rate risks. Hypothesis tests demonstrate evidence that 

the bank, when it seeks to hedge overall market risk simultaneously, should consider the 

factors of capital adequacy and anticipated positions to be taken in the future time pe- 

riod. Cross-hedging is critical for hedging anticipatory position risk and important for 

enhancement of hedging performance. The bank’s optimal futures positions when it 

engages in international banking activity should be significantly different from those 

when they engage only in domestic banking activity. In a nutshell, our empirical results 

strongly support the theory developed in this study. 
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Chapter 6 

CONCLUSION 

This study investigates the simultaneous use of interest rate and currency futures mar- 

kets to hedge the exchange and interest rate risks faced by banks. Banks in this study 

accept short-term variable rate deposits, hold many different foreign currencies, and 

make long-term fixed rate loans. Most papers have focused on the issue of either 

hedging interest rate risk using interest rate futures contracts or hedging foreign ex- 

change rate risk using foreign currency futures contracts in a separate framework. The 

results based on an isolated analysis of only a particular risk of banking activity may not 

simultaneously hold true because each model is developed under a different, and often 

mutually exclusive, set of assumptions. The need for simultaneous management of ex- 

change and interest rate risks faced by banks is obviated by international finance theory 

that the interest rate of a given currency will be influenced by the interest rate develop- 

ment of other currencies and by the financial market’s expectations on the future foreign 

exchange rate of the currencies. The interdependence between movements of exchange 

rates and interest rates makes it important for a bank to coordinate its policies toward 

CONCLUSION 83



risk management; banks, in practice, manage their exchange and interest rate risks as 

part of their overall interest rate and foreign exchange trading activities, which include 

both funded asset and liability positions (on-balance sheet positions) and non-funded 

positions (off-balance sheet positions). 

This study, within a two-period framework and in the presence of multiple con- 

tracts on different instruments, sheds light on the optimal macro-hedging behavior of a 

risk-averse bank that hedges simultaneously its exchange and interest rate risks. We 

employ a two-period model because hedge positions are revised as new information is 

received by a bank and cash flow in one period affects the bank’s ability to take advan- 

tage of opportunities in the next period. Therefore, the revelation of new information 

and the possession of reinvestment opportunities create another decision point and thus 

the situation should be intrinsically a two-period decision problem. The use of multiple 

contracts by banks in our model represents the fact that banks hold currency asset po- 

sitions in many different currencies concurrently. This enables banks to employ cross- 

hedging opportunities. The use of futures contracts for hedging the overall market risk 

(macro-hedging) is substantiated by the general belief that it will be in the best interest 

of the financial intermediary’s stockholders and managers to hedge its risk on a macro- 

basis. Market risk faced by banks is formulated in accordance with the traditional de- 

scriptions for exchange and interest rate risks. For example, short-term deposit 

borrowing at a random rate and the extension of long-term loans at a fixed rate creates 

a mismatch in maturity — interest rate risk. Taking net positions in foreign currencies 

when exchange rates are known and liquidating them when exchange rates are unknown 

creates exchange rate risk. 
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During the first period, profits are obtained from the interest payment from loans 

plus the return from holding foreign currencies plus any gains or losses in the interest 

rate and currency futures markets less the costs of deposits. The second period profits 

are obtained in the same manner with the addition of reinvestment opportunities from 

cash flows generated in the first period. The bank is assumed to maximize an expected 

utility function defined over terminal wealth for which the utility function is character- 

ized by constant absolute risk aversion. 

The theoretical model shows that the bank’s optimal simultaneous hedge ratios for 

risks associated with exchange rate, interest rate, and anticipatory positions are given 

by the coefficients of the theoretical multivariate multiple regression of returns from 

trading the (spot) instruments being hedged on those from trading the futures contracts. 

This result is contrasted with that from a single hedging model in which the optimal 

hedge ratios are given by the coefficients of the univariate multiple regressions of the spot 

position on the futures position. Under the single hedging model, there is no mech- 

anism through which more than two spot variables can be interrelated simultaneously. 

That is, it ignores any interdependence among spot variables (or implicitly assumes that 

other spot variables remain constant). We show that hedging interest rate risk only with 

interest rate futures contracts without recognition of the interdependence between in- 

terest rates and foreign exchange rates could be misleading. The amount by which the 

optimal interest rate futures position is misleading depends upon the extent to which 

spot exchange rates are correlated with interest rates. 

We demonstrate that the expected return from trading futures contracts can not 

be zero even with the unbiasedness of interest and currency futures rates. That is, unlike 

extant bank hedging research, the profit opportunities in futures markets do not vanish 
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even though futures markets are martingale-efficient in removing excess profits. This is 

because reinvestment opportunities in the second period enable the bank to take ad- 

vantage of any deviation of ex post first period futures return from ex ante zero expected 

futures return in the first period. This implies that the speculative component of futures 

demand by banks can explain one of the reasons why banks trade futures contracts at 

least over the long run. Martingale-efficient futures markets are frequently assumed by 

many researchers. However, this assumption does not guarantee the rationale for 

non-existence of speculative demand by banks. 

Unlike previous studies, capital adequacy is shown in this study to be an important 

factor determining the bank’s optimal futures position. This is because the profits 

generated in the first period are carried over to capital in the form of retained earnings 

at the start of the second period without being paid out as dividends. The losses gener- 

ated in the first period are refinanced at the random deposit rate prevailing in the second 

period to make the new balance sheet balanced. Capital, as an alternative to variable 

rate short-term deposits, plays a role in reducing (increasing) maturity mismatch risk 

when the bank generates profits (losses) in the first period. 

Comparative static analysis demonstrates that the bank’s decisions on loan exten- 

sions and interest rate futures positions are affected by the existence of foreign exchange 

operations and the availability of foreign currency futures contracts. For example, it is 

shown in this study that if the net loan revenue (net of deposit costs) is expected to be 

zero, the bank will extend more (less) loans as CD interest rates are positively (nega- 

tively) correlated with foreign exchange rates. It is also shown that even though interest 

rate futures markets are characterized by martingale- efficiency, the bank will establish 
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more (less) interest rate futures position to hedge interest rate risks as interest rate fu- 

tures and currency futures rates are negatively (positively) correlated. 

The theoretical prescription for macro-hedging suggests that the bank should hedge 

the risk associated with its anticipated position in the next period in addition to ex- 

change rate and interest rate risks whenever it expects spot and futures market positions 

to be taken in the future. This indicates that the (optimal) hedging decisions anticipated 

for later time periods influence current decisions, which implies that hedge positions are 

intertemporally dependent. This provides a focus on a type of risk to be hedged that 

has heretofore not received attention in the study of optimal hedging. 

The following five testable hypotheses are derived from the theoretical analyses: 

(1) Capital adequacy irrelevance hypothesis. 

The null hypothesis is that capital adequacy is irrelevant for the bank’s optimal 

hedging decisions. This hypothesis is consistent with the treatment of capital in 

virtually all research on hedging, but is inconsistent with the implications of the 

theory developed in this study. 

(11) Naive-single market hypothesis. 

The null hypothesis is that hedgers should use only one futures contract for each 

spot instrument with positions of opposite sign but in the same amount of units as 

the spot instrument being hedged. The assumption is that the one futures market 

is complete enough to hedge a specific type of spot instrument. The theory devel- 

oped in this study suggests that this hypothesis is unlikely to be validated by the 
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data unless spot and futures rates are perfectly correlated across contracts and there 

is no basis risk. 

(iii) Own market hypothesis. 

The null hypothesis is that only direct hedging (but not naively) is necessary to 

hedge a specific type of spot instrument and cross-hedging is unnecessary. A\l- 

though results of previous currency futures studies suggest direct hedging strategies 

are effective, their approach is somewhat simplistic and overlooks the need for 

hedgers to implement (optimal) hedge ratio estimates that can increase hedging 

performance. As presented in this study, banks should employ cross-hedging op- 

portunities, thereby increasing hedging performance. 

(iv) Intertemporal position irrelevance hypothesis. 

The null hypothesis is that future decisions on the spot and futures positions are ir- 

relevant when the bank makes current optimal decisions on the spot and futures 

positions. One period single hedging decision models are employed by other re- 

searchers, ignoring the possibility of any relationship between time periods. The 

theory in this study is that current positions should account for futures positions 

that banks will take in a future time period. 

(v) International banking hypothesis. 

The null hypothesis is that optimal hedge ratios for domestic interest rate risk, for 

example, are the same when the bank engages in international banking activity as 

when it does not engage in international banking activity. The theory developed 
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in this study suggests that optimal hedge ratios will be different for domestic and 

international banks. 

These hypotheses are tested using the GMM model suggested by Hansen (1982) and 

extended by Newey and West (1987). The use of the GMM model is necessitated by the 

need for the simultaneous estimation of different futures returns (due to an integrated 

framework of interest rate and currency futures markets in our theoretical model) and 

by the statistical characteristics of international financial asset returns. Returns in for- 

eign currency spot and futures markets are shown by other researchers to exhibit sub- 

stantial time-varying variance that can be represented as conditional heteroskedasticity. 

GMM provides a way to estimate the parameters of a system and achieve consistent es- 

timators in the presence of conditional heteroskedasticity. GMM is applicable regard- 

less of the data frequency and produces a robust estimation. 

The empirical results from estimating simultaneous optimal hedge ratios using the 

GMM model show that the hedge ratio against the interest rate risk for interest rate 

futures contracts 1s significantly less than | but the hedge ratios against foreign exchange 

rate risks for the corresponding currency futures contracts are significantly greater than 

1. Evidence presented in this study indicates that other studies on hedging have under- 

stated the magnitudes of short futures positions that hedgers should take. Banks should 

use the futures markets to a substantially greater extent for hedging overall market risk 

rather than hedging each component of market risk separately. Results also show that 

to hedge the interest rate risk, banks should take short positions in interest rate futures 

contracts and, at the same time, short positions in British pound futures contracts and 

long positions in German mark futures contracts as well. To hedge foreign exchange 

rate risks, banks should take short positions both in the interest rate futures contracts 
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and in the corresponding currency futures contracts but, at the same time, long positions 

in some cross-currency futures contracts. This empirical evidence indicates that the 

hedging decisions in the presence of both interest rate and foreign exchange rate risks 

should consider the interdependence between interest rates and foreign exchange rates 

(and thus with foreign currency futures rates). 

We find that while Japanese yen futures contracts provide a great deal of ability 

and effectiveness for hedging overall foreign exchange rate risks, British pound futures 

contracts do not have the hedging ability of overall foreign exchange rate risks other 

than own exchange rate risks. Hedging anticipatory foreign exchange rate risks requires 

banks take long or short positions only in cross-currency futures contracts. <A direct 

hedging strategy is of no use for hedging anticipatory foreign exchange rate risk, but 

cross-hedging is effective for hedging anticipatory foreign exchange rate risk. This result 

validates the theoretical role given to anticipated positions to be taken at a later date. 

Further research is warranted on the causes and consequences of this new factor in 

hedging decisions. 

Results of hypothesis tests indicate that each hypothesis is strongly rejected at 

conventional levels of significance. First, the result of the capital adequacy irrelevance 

hypothesis test indicates strong relevance of capital adequacy in the bank’s decision on 

optimal futures positions. Banks should consider capital adequacy when they formulate 

optimal futures positions. Second, the result of the naive- single market hypothesis test 

strongly rejects that when hedging a specific type of spot instrument, banks should take 

only the corresponding futures position that is opposite in sign but in the same amount 

of units as the instrument being hedged. It is not optimal for the bank to take a naive 

position in the corresponding futures contracts to hedge a specific type of spot position. 
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Third, the result of the own market hypothesis test shows the importance and necessity 

of cross-hedging by banks in futures market. Banks should use a simultaneous, multi- 

contract hedging strategy whether they are hedging interest rate risk or foreign exchange 

rate risk. A portfolio of futures contracts will, to a great extent, increase hedging per- 

formance. Fourth, the result of the intertemporal position irrelevance hypothesis test 

demonstrates evidence (except for the Canadian dollar position) that the bank’s antic- 

ipated positions in foreign currency spot and futures contracts next period affect the 

current decisions on optimal spot and futures positions. Hedging anticipatory position 

risk of Canadian dollar is less important, perhaps due to relatively little variability of 

Canadian dollar during our sample period. Finally, the result of the international 

banking hypothesis test shows that optimal hedge ratios in the presence of international 

banking activity are significantly different from those for banks with activity only in 

domestic markets. International banking activity and the interrelationship between 

domestic and international credit markets should be considered even when the bank 

makes decisions on optimal domestic interest rate futures positions. 

In Summary, in this dissertation, a two-period model of bank hedging activity was 

constructed. The contribution of the model is the theoretical development of the bank’s 

optimal hedge positions in the face of both interest and foreign exchange rate risks and 

a portfolio rather than a single component of the portfolio. The empirical implications 

of the theory are tested using a Generalized Method of Moments (GMM) technique in 

order to account for conditional heteroskedasticity in the system of equations. More 

efficient and robust estimators are obtained for the minimum risk hedge ratios. The 

implications from the theoretical model regarding the relevance of capital adequacy, the 

importance of a portfolio approach to hedging, and the novel feature of anticipating 

activities in future periods all were supported by the empirical analysis. 
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In this appendix, we provide covariance terms associated with the first order conditions 

of chapter 3. 

cov(Il, R,) = Ko cov(R;, 7) + Lvar(R) + fcov(Ry, Ry) + cov(R,, Ryo) Co 

+ cov(R;, Ryo) Fy + cov(R;, R.:) E(C;) + cov(Ry, Ry) ECF). 

cov(IT , Ro) = Ky cov(Rig , 7) + L cov(Rig ; R) +f cov(Rig ; Ry + var(R,o) Cy 

+ cov(Ro, Rm) Fy + cov(Riy, Ret) E(Ci) + covR.o, Rr) E(F?). 

cov(II , R) = Ky cov(Re, T+ L cov(R,, R) + fvar(R,) + cov, Ryo) Co 

+ cov(Ry, Ryo) Fy + con(Ry, Ry) E(Cj) + covRy, Rp) E(F)). 

co, Ryp) = Ky cov(Ryy, 7) + Leov(Rpy, R) + fcovRm, R) + covRp, Reo) Co 

+ var(Ryp) Fo + cov(Rrp, Ret) E(Ci) + cov(Rm, Rr) E(Fy): 
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Table 1 

Correlation Coefficients of Quarterly Interest and Foreign Exchange Rates 

(the second quarter of 1982 thru the first quarter of 1990) 

  

  

T/B C/D Euro$ Britain Canada Japan Swiss Germany 

T/B 0.9664 0.9635 -0.2082 0.3079 -0.6086 -0.6047  -0.5621 
(0.0001) (0.0001) (0.2528) (0.0865) (0.0002) (0.0002) (0.0008) 

C/D 0.9664 0.9962  -0.0469 0.3376 -0.5117  -0.4880 = -0.4497 
(0.0001) (0.0001) (0.7990) (0.0588) (0.0028) (0.0046) (0.0098) 

Euro$ 0.9635 0.9962 -0.0513 0.3135 -0.5557 -0.5143 -0.4794 
(0.0001) (0.0001) (0.7803) (0.0806) (0.0010) (0.0026) (0.0055) 

Britain -0.2082 -0.0469 = -0.0513 0.5285 0.6726 0.8023 0.7969 
(0.2528) (0.7990) (0.7803) (0.0019) (0.0001) (0.0001) (0.0001) 

Canada 0.3079 0.3376 0.3135 0.5285 0.2989 0.3370 0.4042 
(0.0865) (0.0588) (0.0806) (0.0019) (0.0966) (0.0593) (0.0218) 

Japan -0.6086 -0.5117 -0.5557 0.6726 0.2989 0.9424 0.9359 
(0.0002) (0.0028) (0.0010) (0.0001) (0.0966) (0.0001) (0.0001) 

Swiss -0.6047 -0.4880 -0.5143 0.8023 0.3370 0.9424 0.9910 
(0.0002) (0.0046) (0.0026) (0.0001) (0.0593) (0.0001) (0.0001) 

Germany -0.5621 -0.4497 = -0.4794 0.7969 0.4042 0.9359 0.9910 
(0.0008) (0.0098) (0.0055) (0.0001) (0.0218) (0.0001) (0.0001) 
  

* Numbers in parantheses are p-values. 
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Table 2 

Correlation Coefficients of Quarterly Interest and Foreign Currency Futures Rates 
(90 days) 

(the second quarter of 1982 thru the first quarter of 1990) 

  

  

T/B Euro$ British | Canadian Japanese Swiss German 
pound dollar yen franc mark 

T/B 0.9856 0.1037 -0.2781 0.5864 0.5421 0.5224 
(0.0001) (0.5659) (0.1171) (0.0003) (0.0011) ~—(0.0018) 

Euro$ 0.9856 0.0159 -0.2849 0.5452 0.4923 0.4737 
(0.0001) (0.9301) (0.1081) (0.0010) (0.0036) — (0.0054) 

British 0.1037 0.0159 0.5381 0.6543 0.7952 0.7837 
pound (0.5659) (0.9301) (0.0012) (0.0001) (0.0001) (0.0001) 

Canadian -0.2781 -0.2849 0.5381 0.2961 0.3603 0.4200 
dollar (0.1171) (0.1081) (0.0012) (0.0943) (0.0394) (0.0149) 

Japanese 0.5864 0.5452 0.6543 0.2961 0.9314 0.9264 
yen (0.0003) (0.0010) (0.0001) (0.0943) (0.0001) (0.0001) 

Swiss 0.5421 0.4923 0.7952 0.3603 0.9314 0.9910 
franc (0.0011) (0.0036) (0.0001) (0.0394) (0.0001) (0.0001) 

German 0.5224 0.4737 0.7837 0.4200 0.9264 0.9910 
mark (0.0018) (0.0054) (0.0001) (0.0149) (0.0001) (0.0001) 
  

* Numbers in parantheses are p-values. 
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Table 3 

Optimal Hedge Ratios from SUR Estimation 

(the second quarter of 1982 through the first quarter of 1990) 

  

  

Panel A 

Variable Ry Rr B Rac R For Ras Rac 

t -0.0110 -0.0432 -0.4440 -0.1709 0.3734 -0.5147 
(-0.027) (-0.509) (-1.305) (-0.753) (1.061) (-1.260) 

R, -0.3217 0.0298 -0.00086 0.0243 -0.1376 0.0945 
(-4.594)*** = (2.071)** =~ (-0.149) (0.632) (-2.310)** (1.366) 

Ros -0.4415 -1.1609 -0.2312 0.4627 0.6138 -1.1926 
(-1.128)  (-14.431)*** —(-0.718) (2.153)** — (1.843)* (-3.082)*** 

Rac -0.0739 0.0251 -1.2013 0.0957 0.0085 -0.1531 
(-0.672) (1.110) (-13.268)*** (1.583) (0.091) (-1.408) 

Roa -0.3645 0.0194 0.1625 -1.1044 -0.0742 0.0036 
(-2.841)*** (0.736) (1.540) (-15.684)*** — (-0.680) (0.028) 

Ras -0.2432 -0.0562 0.2950 0.1070 -0.3288 -1.0059 
(-1.282) (-1.441) (1.890) * (1.027) (-2.037)** — (-5.364)**# 

Rag -0.1995 0.0033 0.0583 0.0898 -0.0051 -1.1795 
(-2.903)*** (0.232) (1.030) (2.380)** — (-0.088) (-17.366)*** 

  

*** : Statistically significant at the 1 percent level; 
** : Statistically significant at the 5 percent level; 
* ; Statistically significant at the 10 percent level. 
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Panel B 

  

  

Variable Ry Rr Rac Ray Ras Rag 

Ras 0.3165 -0.1861 0.9894 1.7816 0.7978 -3.1609 
(0.187) (-0.535) (0.711) (1.918)* (0.554) (-1.890)* 

Rac -0.0482 -0.0337 -0.2074 0.1384 0.1532 -0.2272 
(-0.155) (-0.528) (-0.812) (0.812) (0.580) (-0.740) 

Rov -0.6071 -0.0512 0.5505 0.0879 -0.6517 0.5518 
(-0.853) (-0.350) (0.941) (0.225) (-1.077) (0.785) 

Ras -0.2509 -0.0630 0.6595 0.7866 -0.2797 -0.5976 
(-0.377) (-0.461) (1.206) (2.155)** — (-0.495) (-0.910) 

Rage -0.2656 -0.0358 0.5180 0.5743 -0.3348 -0.3263 
(-0.506) (-0.332) (1.200) (1.993)** — (-0.750) (-0.629) 

  

*** : Statistically significant at the | percent level; 
** : Statistically significant at the 5 percent level; 
* : Statistically significant at the 10 percent level. 
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Panel C 

  

  

Variable R; Rrop Rac Rays Rrs Rrg 

Rr 0.5456 -0.1438 0.8893 1.2419 0.6168 -2.3043 
(0.365) (-0.469) (0.724) (1.514) (0.485) (-1.561) 

Rac -0.0405 -0.0374 -0.1273 0.0383 0.1263 -0.0579 
(-0.167) (-0.750) (-0.638) (0.288) (0.612) (-0.241) 

Ray -0.3142 -0.0563 0.2700 0.0189 -0.4165 0.4409 
(-0.489) (-0.426) (0.511) (0.054) (-0.761) (0.694) 

Ras -0.1237 -0.0608 0.4920 0.5599 -0.2341 -0.3900 
(-0.206) (-0.493) (0.997) (1.700)* (-0.459) (-0.657) 

Rng -0.1421 -0.0333 0.3927 0.4355 -0.2262 -0.3040 
(-0.296) (-0.339) (0.996) (1.655) (-0.555) (-0.642) 

  

*** : Statistically significant at the | percent level; 
** : Statistically significant at the 5 percent level; 
* : Statistically significant at the 10 percent level. 
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Table 4 

Optimal Hedge Ratios from GMM Estimation 

(the second quarter of 1982 through the first quarter of 1990) 

  

  

Panel A 

Variable Ry Rrs Rac Rry Ras Rac 

t -0.4047 -0.0012 -0.3994 -0.0766 -0.2615 0.0063 
(-1.993)** — (-0.018) (-0.922) (-0.337) (-0.488) (0.022) 

R; -0.4502 -0.0174 0.0383 0.0190 -0.0803 0.0730 
(-3.905)***  (-2.715)*** (0.716) (0.632) (-1.345) (2.579) *** 

Roos -0.3029 -1.1496 -0.2420 0.4742 0.5269 -1.1410 
(-2.554)**  (-22.532)*** — (-0.796) (4.131)*** (1.785) (-5.388)*** 

Rac -0.1618 0.0166 -1.2185 0.0681 0.1513 -0.2640 
(-4.413)*** (1.170) (-25.315)*#* — (2.694)*#* = (12.437)"** — (-5.360)*## 

Ray -0.4051 0.0146 0.1220 -1.1377 0.0690 -0.1095 
(-2.440)** (1.493) (8.244)*** (-23.403)*** (0.470) (-1.321) 

Ras 0.2783 0.0030 0.3522 0.2293 - 1.1383 -0.3639 
(0.498) (0.062) (2.926)*** — (2.188)**  (-12.301)*** — (-1.736)* 

Rag -0.2234 0.0010 0.0378 0.0694 0.0726 - 1.2405 
(-7.434)*** (0.087) (2.657)*** — (3.104)*** = (3.776)***  (-86.628) **# 
  

*** : Statistically significant at the | percent level; 
** : Statistically significant at the 5 percent level; 
* : Statistically significant at the 10 percent level. 
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Panel B 

  

  

Variable Ry Rrep Rac Ray Ras Rae 

Ras 1.6327 -0.0582 1.1952 2.1385 -1.1563 -1.6501 
(3.965)*** — (-0.409) (2.501)** = (9.277)*#* — (-0.913) (-0.941) 

Rac -0.0837 -0.0402 -0.1648 0.1555 0.1128 -0.1877 
(-0.253) (-1.872)* (-0.890) (1.628) (0.760) (-1.108) 

Rag -0.5026 -0.0437 0.5256 0.0986 -0.7347 0.6130 
(-1.798)* (-0.553) (2.355)** (0.481) (-2.098)**  (12.437)*** 

Ras 0.0050 -0.0039 0.6082 0.7912 -0.4794 -0.4347 
(0.016) (-0.242) (2.201)** = (5.123)"** —(-1.861)* (-2.238)** 

Rae -0.0374 -0.0120 0.4936 0.5937 -0.5970 -0.1094 
(-0.320) (-0.354) (9.553)*#* — (14.170)*#* == (-7.117)#** — (-0.775) 

  

*** - Statistically significant at the 1 percent level; 
** : Statistically significant at the S percent level; 
* : Statistically significant at the 10 percent level. 
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Panel C 

  

  

Variable R; R FOB Rac Rry Rnrs Rac 

Rap 1.5484 -0.0524 1.0468 1.5271 -0.8113 - 1.2332 
(3.090)*** — (-0.755) (3.768)*** — (3.473)*** — (-1.274) (-1.153) 

Rac -0.0295 -0.0401 -0.0885 0.0641 0.0456 0.0082 
(-0.127) (-2.435)** — (-0.595) (1.823)* (0.305) (0.050) 

Ray -0.2253 -0.0518 0.2624 0.0387 -0.4932 0.4893 
(-1.134) (-0.642) (1.422) (0.323) (-3.309)*** = (2.757) *** 

Ras 0.0961 -0.0422 0.4583 0.5705 -0.4073 -0.2556 
(0.230) (-2.496)** = (2.221)** = (2.747)*** = (-0.916) (-1.149) 

Rage 0.0681 -0.0125 0.3789 0.4594 -0.4705 -0.1076 
(0.424) (-0.496) (7.896)*** — (7.201)*** = (-2.368)** = (-0.915) 

  

*** : Statistically significant at the 1 percent level; 
** : Statistically significant at the 5 percent level; , 
* ; Statistically significant at the 10 percent level. 
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Table 5 

The Result of Wald Test of Capital Adequacy Irrelevance Hypothesis 

Hy: all Bij = 0 for j = 2, 3,006) 7 

  

  

  

Dependent y?-value Degrees of 
Variable Freedom 

t 14.4596 6 

Note: 

x%) = 14.449 at the 5% significance level. 
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Table 6 

The Results of Wald Test of Naive-Single Market Hypothesis 

Hy: and 

fori = 2,3,....,.7 andj = 2,3,....,7. 

  

  

  

Dependent y?-value Degrees of 
Variable Freedom 

R; 185.5916 6 

Ros 93.2260 6 

Rac 120.8892 6 

Raw 53.1127 6 

Ros 54.1560 6 

Rae 30.1646 6 

Note: 

x%) = 14.449 at the 5% significance level. 

X%) 18.548 at the 1% significance level. 
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Table 7 

The Results of Wald Test of Own Market Hypothesis 

Hy: all £,; =0 for ix j. 

fori = 2,3,....,.7 andj = 2,3.....,7. 

  

  

  

Dependent y?-value Degrees of 
Variable Freedom 

R, 168.1732 6 

Ros 1,991.6609 6 

Rac 66.0716 6 

Row 17.2562 6 

Ros 138.9198 6 

Rag 906.2977 6 

Note: 

x%) = 14.449 at the 5% significance level. 

2 
X6) 18.548 at the 1% significance level. 
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Table 8 

The Results of Wald Test of Intertemporal Position Irrelevance Hypothesis 

H,: all Bi; =0 fori = 8,9,...,17 andj = 2,3,...,7. 

  

  

  

Dependent . y?-value Degrees of 
Variable Freedom 

Ras 284.8923 6 

Rac 6.9946 6 

Rays 15.3195 6 

Ras 229.7696 6 

Rage 215.2037 6 

Rie 22.9964 6 

Rac 6.326 6 

Rr 35.4799 6 

Ras 1,175.7662 6 

Rng 472.0029 6 

Note: 

= 14.449 at the 5% significance level. 

= 18.548 at the 1% significance level. 
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Table 9 

The Test Results of International Banking Hypothesis 

Panel A: The Result of Wald Test 

4 

Hy: » By = 0  foreachj = 1,2,...,7. 

i=3 

  

  

  

Dependent y?-value Degrees of 
Variable Freedom 

5 

x Ro 436.1293 7 
j= 

Note: 

x¢) = 16.013 at the 5% significance level. 

xh) = 20.278 at the 1% significance level. 

Panel B: The Result of Chow Test 

  

  

  

Ho : By = 71> B = V2 5 coceceee ’ B = y7- 

Dependent F-value Degrees of 
Variable Freedom 

Re" and Rr 117.6857 7, 46 

Note: 

Fo.005;7,46 = 3.74. 
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Table 10 

Currency Futures Market Premia and Discounts 

(the second quarter of 1982 thru the first quarter of 1990) 

  

  

Foreign Premium or T: mean = 0 
Currency Discount 

British -3.49 % -5.6597 
pound 

Canadian -1.31 % -8.4220 
dollar 

Japanese 1.27 % 6.1944 
yen 

Swiss 1.78 % 5.2590 
franc 

German 0.96 % 8.1361 
mark 
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