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INTRODUCTION

The U. S. Dollar Index (USDX) is composed of ten major foreign currencies and
expressed in an index form relative to the base value of 100 as of March 1973.

The unique feature of the USDX is the weighting of the component foreign curren-
cies included in the index, and the method by which the index is computed. In con-
trast to other indexes, the USDX is computed as in inverse value weighted geometric
average of ten major foreign exchange {FX) rates, whereby each FX rate receives a
different weight in the index as determined by the Federal Reserve Board in 1973.
These weights reflect the relative importance of each foreign country in trading
with the U.S. since 1973. Although there have been tremendous changes in inter-
national trade since 1973, such as the emergence of Japan and West Germany as the
dominant countries in international trade, the weights of the component FX rates
in the USDX remain the same.

USDX futures contracts have been traded on the Financial Instrument Exchange
(FINEX), a division of the New York Cotton Exchange since November 20, 1985.
The USDX futures contracts are traded in a three-month cycle where delivery is on
the third Wednesday of the expiring contract month. The futures contract size is
$500 times the contemporaneous USDX spot value. Any futures contracts held to
expiration are subject to cash settlement, based on the difference between the
USDX value and the USDX futures price times $500 on the last day of trading for
an expiring contract.

As an inverse geometric average index, the USDX suffers from a peculiar prob-
lem, namely, an upward bias to the index relative to what is obtained with arith-
metic averaging. Another nonstandard property of the USDX emanates from the
fact that as an inverse geometric index, it is expressed in "European terms" (i.e.,
FX rates per U. S. dollars) rather than quoted in the conventional "American terms"
(i.e., U. S. dollars per FX rates). As a result, the USDX rises when the dollar appre-
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ciates in value, and declines when the dollar depreciates. The upward bias embed-
ded in the USDX is documented first by Redfield (1986) who uses a rule-of-thumb
methodology to estimate the magnitude of the USDX drift which he refers to as the
"volatility premium." Relying on Redfield's intuition, Eytan, Harpaz, and Krull
(1988), hereafter EHK, use the Black and Scholes (1973), Merton (1973), and Black
(1976) contingent claims methodology to explore the determinants and magnitude
of the USDX upward drift. They show that the USDX drift factor depends not only
on the volatility of the index, but on the weighted average volatility of the compo-
nent FX rates. EHK also contend that the upward drift factor embedded in the
USDX affects the pricing of its derivative futures contracts. More specifically, they
also provided preliminary empirical estimates of the drift's magnitude and conjec-
ture (but do not conduct any statistical tests) that the failure of the market to ac-
count properly for the upward drift factor in the pricing of USDX futures may
cause market inefficiency.

The objective of this study is twofold: to examine whether investors in the mar-
ket place incorporate the correct upward drift in the pricing of USDX futures con-
tracts; and, to use the daily settlement prices of USDX futures contracts traded on
the FINEX for the period November 20, 1985 through December 31, 1988 to test
for the efficiency of the FINEX market by employing the EHK futures pricing for-
mula as a benchmark. The rest of the article is organized in three sections. The
methodology for the proposed statistical tests and the description ofthe data set are
presented in the second section. The results of the empirical tests are discussed in
the third section. The last section contains the conclusion.

METHODOLOGY

The Proposed Statintical Tests
EHK (1988) proposed a USDX futures formula that shows that the theoretical
USDX futures price is given by

FJ^t,T) = I(t) exp[r - r^ + S){T - /)], (1)

where f,fr, T) is the USDX futures model price in period / for expiration in period
T; 10) is the contemporaneous USDX spot value as of period t; r = il^xW.r, is the
weighted average foreign risk free rate of interest; r, and w, are the ith country risk-
free rate of interest and its weight in the index, respectively; r^ is the U.S. riskfree
rate of interest; T - t is the time left to expiration of the futures contract; and 5 is
the (positive) "drift" parameter (which is unobservable) which corrects for the up-
ward bias effect due to the (inverse) geometric configuration of the USDX. For the
empirical tests, one needs to estimate the implied (drift parameter), S^, which can
be extracted from (1) as follows:

S, = \n[FM,T)/I(t)]/iT - t)-ir- r^), (2)

where F^ is the historical USDX futures price. While the implied delta (2) is derived
from the EHK futures pricing formula, the "true" delta is unfortunately unobserv-
able. To conduct tests for market efficiency it is necessary to develop an alternative
estimate of the "true" delta, the historical delta.

The historical drift parameter, SH, as proposed by EHK, is computed from histori-
cal variances.

> .a r + a/ | /2 = [a' + (rf]/2, (3)
I
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where af and a} are the variances of the rate-of-change on /th FX, and the contem-
poraneous USDX, respectively; while a^ is the weighted average variance of the
representative FX included in the index. Clearly the historical delta (5;,) must be
positive. The implied and historical deltas are both estimates of the "true" delta. If
the market for the USDX futures contracts is efficient and the EHK model is cor-
rect, then the implied drift factor (5 )̂ will equal the true delta, and also be an
efficient and unbiased estimator of the subsequent volatilities on the component
currencies and the USDX contract.

In addition, there should be no systematic difference between §„ and 5*, and if
5a "^ Sh, no mechanical trading rule should produce profits after transaction costs.
Note that while Fa is the historical USDX futures price, f, is the USDX model price
from (1) using the historical delta, SH, in (3) as an estimate for the "true" but unob-
servable delta.

An explicit test for the efficiency of the FINEX market is based on the strategy
proposed by EHK (1988). This strategy calls for either long-long or short-short posi-
tions in the USDX futures contracts and its component FX forward contracts.
Specifically, on each day / for which the USDX futures contract is incorrectly val-
ued {5a ^ Sh), one long (short) position in the USDX futures contract is combined
with 10 long (short) positions in each of the underlying forward contracts, for un-
dervalued (overvalued) contracts, respectively. The investment in the /th FX for-
ward contract if w,[Fa{t,T)/f,{t,T)]v/heTe fi{t,T) is the ;th currency forward price at
time t for fast delivery at time T. Finally, all the positions are offset at expiration.'
The combined profit 7r(/, T) of the long-long (short-short) hedge portfolio over the
contract life {t,T) is given by:

(4)
i - l

where S,{T) is the spot exchange rate of currency / at the time T. Clearly, for the
short-short arbitrage strategy the profit is given by -7r(r, T). In the absence of mar-
gin requirements, the initial investment in the hedge portfolio is zero, and given the
null hypothesis that the USDX futures market is efficient, one expects the arbi-
trage profits Tr(f,r) in (4) (for all contracts) to be zero.

In the first set of tests, incorrectly valued portfolios are identified as follows. For
a particular contract j and for each day / over its life span the delta ratio G,,, =
(Sh/Sa),,, as well as the mean value, /xc, and the standard deviation, CTG, are com-
puted for all contracts from day 1 until day / - 1. If the USDX futures contract is
persistently mispriced, then the mean delta ratio, ^c will be different from 1.0.
Therefore, to test for the degree of mispricing of a particular contract;, its delta
ratio, Gj, is compared to 1.0. In addition, to reduce potential sample sensitivity-
related problems the range of 1 ± ac is used.

If Sa is too low (high), then the actual futures price is too low (high), G will be
high (low) and the USDX futures price undervalued (overvalued). Specifically, con-
tract; on day t is defined as being undervalued (UV) if Gj^, > (1 + O-G)', overvalued
(OK) if Gj, < (1 + o-c); and correctly valued (CV) if (1 - aa) < G,,, < (1 + (TG).
For each and every incorrectly valued {IV) contract the arbitrage strategy stipu-
lated by (4) is applied to estimate the profit (TT) in dollars per contract. If the arbi-
trage profits are significantly different from zero, the hypothesis that the FINEX

'it should be emphasized that the hedge position is a long-long or short-short hedge rather than
the conventional long-short hedge, because the USDX futures price is quoted in "European terms"
whereas the component FX forward prices arc expressed in "American terms."
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market is efficient can be rejected. In other words, this procedure examines
whether historical and implied deltas differ substantially, and whether irading prof-
its can be earned when such large differences occur.

An alternative and consistent method for identifying incorrectly valued contracts
is to compute the incorrect-valuation coefficient based on the futures price ratio
rather than on the delta ratio. Similarly, for a particular contract; and for each day
/ over its life span the ratio Vjj = {FJFt\, is computed, where F^ and F^ are the his-
torical USDX futures price and the corresponding model price which incorporates
the historical delta in (3), respectively. In addition, the mean value, /it', of the V ra-
tio, and the standard deviation, a-y, across all contracts preceding the evaluation
day / are computed. Similar to the delta investment decision rule, contract; on day
t is defined as being undervalued (UV) if Vj,, < (1 - ay); overvalued {OV) if
Vjj > (1 + ay); and correctly valued (CV) if (1 - ay) < V,,, < (1 + cry). Thus, if
the V ratio is "too high" ("too low") then the USDX futures contract is overvalued
(undervalued).

DATA
The data for this stud/ consist of daily USDX spot and nearby futures settlement
prices as well as the component currencies' daily spot and forward settlement prices
for the period November 20, 1985 (inception date) through December 31, 1988.' It
should be emphasized that 1985 includes only 26 trading days.

The daily USDX spot values represent the settlement prices at 2:40 p.m., the
close of the USDX market. Individual daily FX spot and forward prices are the set-
tlement prices as of 1:00 p.m.* This study uses only nearby futures contracts since
they are the most liquid and actively traded. The nearby contract usually accounts
for at least 75% of the volume and open interest. In total, the number of nearby
contracts examined is 13, and the number of observations (or trading days) is 739.

As indicated by (1) the estimation of the USDX futures model price requires the
estimation ofthe drift factor (delta) and the interest-rate differential (r - r^). The
historical delta has been estimated from (3). The most recent 40 daily observations
preceding the evaluation date used to estimate the variance of the rate of change of
the spot FX rate of country i, af, and the variance of the contemporaneous spot
USDX, a-}. The interest rate differential (r - r^) is estimated using the (assumed)
Interest-Rate Parity Theorem (IRPT) as follows:

w, \n[S.{t))/fXt,T)y{T - t), (5)
i - l

where S^it), and Fi{t,T) are the spot FX rate, and the contemporaneous forward
price of country i as of period t, respectively. This estimate for the interest rate dif-
ferential (f - r^) is used also for computing the implied delta (5a) in (2).

data were provided by Richard Jacobs and June Furlan of the FINEX.
'As implied by the magnitude of the riskless arbitrage profit reported in the following section, cm-

ploying settlement rather than bid or ask prices, and incorporating transaction costs would not
change the main conclusions regarding the efficiency of USDX futures contracts.

*It should be noted thai this lack of synchronization may cause an additional random error,
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EMPIRICAL RESULTS

Historical vs. Implied Deltas

The statistical properties of the actual and implied delta, as computed from (3) and
(2), respectively, are presented in Table I, and illustrated in Figure 1. The values of
both the historical drift factor {SH) and the implied delta. (5.) are positive and
statistically significant for the whole time period 1985-88 as well as for each of the
individual years. The statistical significance level is much higher for the 5*, than for
the S,. This difference reflects the lower dispersion for Sh than for S^, which can be
seen very clearly in both Figure 1 and the gap between the maximum and minimum
values reported in Table I. This discrepancy is consistently lower for 5̂  than for S^.
Over the whole time period investigated, the mean value for the historical delta {SH)
is 1.19% as compared with a mean value of 2.58% for the implied delta {S^). Note
that if the ratio of the two mean values is lower (greater) than 1, it may indicate
overvaluation (undervaluation) of the USDX futures contracts. A closer inspection
of the intertemporal behavior of the delta ratio reveals that it consistently increases.
In 1988, more values of S^ cluster around the value of 5h resulting in a delta ratio
closer to 1, as opposed to all the previous years. This result suggests that the market
for USDX futures is more efficient (or less inefficient) in 1988 than in the preceding
years, 1985-87. One possible explanation for this corrective trend is that in 1988 in-
vestors properly adjusted the futures price for the upward drift factor (delta) em-
bedded in the geometric USDX. In fact, as demonstrated in the following section,
there are almost no incorrectly valued contracts in 1988.

Model vs. Historical USDX Futures Prices

The delta test results reported above indicate the existence of an overvaluation phe-
nomenon particularly for the early years subsequent to the inception of the USDX
futures contract in 1985. To directly test for the existence of this overvaluation phe-
nomenon, the "model futures price" (f,) is computed for each contract; on day /
using the historical delta, S^, as an estimate for the "true" delta in (1), and is com-
pared with the "historical price" (FJ. The statistical characteristics ofF^ and F, are
presented in Table 11. Consistent with the behavior of the delta ratio, the mean
price ratio {Fa/Ft) (as well as the mean price difference F^ - F^) also indicates
undervaluation in 1985 followed by overvaluation in 1986 and 1987, and essentially
correct valuation in 1988. The mean value of (F^ - F,) for the whole time period
1985-88 is 0.0879 (and is statistically different from zero) while for the individual
years the mean values are -0.2012, 0.0990, 0.1686, and 0.0251 for 1985, 1986, 1987,
and 1988, respectively. The incorrect valuation coefficient, {Fg/Fc - 1)100, is de-
picted in Figure 2 and shows many positive values in the 1985-1987 period, as con-
trasted with random fluctuations around the zero value in 1988.

It is apparent from the behavior of both the delta ratio {SH/SO) and the price ratio
{Fa/F^) that the market for USDX futures is undervalued for the 26 days of 1985,
overvalued in 1986 and 1987, while almost correctly valued in 1988. The test results
indicate that, given the incorrect valuation phenomenon which characterize the
USDX futures market in 1986 and 1987; it is possible to construct a profitable risk-
less arbitrage strategy. The ability of this strategy to generate abnormal profits is in-
vestigated next.
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Time Behavior of USDX Futures' Deltas
(November 30, 19S5 - Decembef JO. 1988)

200 iOO •100 500 6U0 /OO

Figure 1
Historical and implied deltas are estimated from eqs. (3) and (2), respectively.

IVading Test Results
The long-long trading strategy stipulated by (4) is applied for each day in which an
incorrectly valued {IV) contract, {i.e., undervalued (UV) or overvalued {OV)), is
found. Note that incorrect valuation is based on the difference between the implied
and the historical 6's. If a particular USDX futures contract is undervalued (over-
valued), a long (short) position is taken in the USDX futures contract and 10 long
(short) positions in the contemporaneous component FX forward contracts. The
positions are offset at expiration. The trading profits in dollars per contract {-rr) are
presented in Table III, and are plotted as a frequency distribution in Figure 3. Over
the entire sample of 739 daily observations, 165 contracts are identified as over-
valued, and 65 contracts as undervalued. Only 2 contracts are found incorrectly val-
ued for 1988. For the whole period of 1985-88, the mean trading profit is $194.25
and significantly greater than zero. The percentage of positive TT'S obtained for all
the incorrectly valued contracts is 76%. A similar proportion is found for both the
undervalued and overvalued contracts over the entire time period. The frequency
distribution of the trading profits per contract is depicted in Figure 3.

A closer inspection of Table III reveals that the year by year results are substan-
tially different from each other. In 1985, when the USDX contract began trading,
most of the daily observations (18 out of a total of 26) are incorrectly valued. More-
over, these 18 incorrectly valued contracts are all undervalued, and all of them re-
sult in positive trading profits with mean TT of $539.50. The relatively high positive
trading profit in 1985 is a result of investors failure to incorporate the drift factor
(delta) in the pricing of USDX futures contracts. In 1986, the incorrect-valuation
phenomenon is less severe than in 1985, and most of the incorrectly-valued con-
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USDX Incorrect Valuation Coefficient
(Novt?rnli.jr 70. 1985 - December .50. I9B8}

JOO

§ ol Ob servo lions

SOO

Figure 2
The incorrect-valuation coefficient is equal to {F^/F, - 1)100, where F, and F^ are the

historical and model prices from eq. (1), respectively. Note that the model price F, in (1) is
based on the historical delta in (3) as an estimate for the true but unobservable delta.

tracts are overvalued. The mean profit (ir) on the riskless trading strategy ($210.95)
is significantly positive, and 79% of all ir values are positive. This overvaluation
phenomenon continued in 1987 with an average significant profit of $113.80, except
that the proportion of positive TT'S decreases from 79% in 1986 to 68% in 1987. In
contrast to 1985, 1986, and 1987, the mispricing phenomenon is corrected in 1988.
This result expresses the intertempora! behavior of the degree of mispricing of the
USDX futures contract. The existence of almost no incorrectly valued contracts in
1988 indicates that the USDX futures contracts are fairly priced and as a result no
positive riskless trading profits could be generated. Thus, the hypothesis that the
USDX futures market is efficient in 1988, cannot be rejected.*

CONCLUSION
Using the EHK (1988) USDX futures pricing formula, several statistical tests are
performed to test for efficienty of the USDX futures contracts during the period
1985-88. Using daily settlement prices for nearby futures contracts traded on the
FINEX from the inception of the contract 1985 through 1988, the null hypothesis
that the USDX futures market is efficient in this time period is rejected. It is shown
that positive trading profits can be obtained if one applies a long-long (short-short)
arbitrage strategy to undervalued (overvalued) contracts. This trading strategy com-
prises a long (short) position in the USDX futures contract and ten long (short) po-

'An early, but incomplete investigation of the first three months of 1989 also shows no mispricing
of the USDX futures contract.
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Arbitrage Profits per Contract ($s)
Frequency Distribution

-400 -400<$<-200 -200<t<0 0<J<200 200<J<400 400<J<600 %> 600

['roTil Size ($)

Figure 3
The trading profits in dollars per contract are computed from eq. (4) for the period

November 20, 1985 through December 31, 1988. Note that in 1988 only 2 observations
were found incorrectly valued.

sitions in the component forward contracts and offsetting the positions at
expiration. The USDX futures contract was clearly undervalued in the 26 trading
days of 1985 but in 1986 and 1987 it was overvalued. In 1988 it was correctly priced.
The incorrect valuation is a result of investors not properly accounting for the pos-
itive drift parameter (delta) stipulated by the pricing of the USDX futures con-
tracts. The presence of the positive drift factor (delta) is embedded in the USDX
futures contracts because of the inverse geometric averaging of the ten foreign ex-
change rates included in the index. Since 1988, investors have properly incorpo-
rated the 'true' drift parameter (delta) in their pricing and this has resulted in the
correct valuation of USDX futures contracts.
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