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I. INTRODUCTION

Futures contracts are designed to allow hedgers to minimize or eliminate risk.
Commodity futures contracts such as wheat futures contracts allow the hedger
to hedge against uncertainty in the future price of the commodity. Currency fu-
tures contracts allow multinational corporations and investors in stocks of foreign
companies to hedge foreign exchange risk. Interest rate futures contracts allow
banks and other financial institutions to hedge against interest rate risk. Stock in-
dex futures contracts allow institutional investors such as pension funds to hedge
the risk of their stock portfolios.

For instance, a pension fund that holds a particular stock portfolio and wishes to
hedge uncertainty in the future value of the stock portfolio can sell futures con-
tracts on the S & P 500 stock index. If the future value of the pension fund’s stock
portfolio and the price of the S & P 500 stock index are highly correlated, and if
stock prices fall in the future, the loss suffered by the stock portfolio is offset by the
gain made on the futures position. Depending upon the objective of the pension
fund, the number of futures contracts sold could be chosen so as to be in line with
the objective of either (1) eliminating all risk, (2) minimizing risk, or (3) minimizing
risk while maximizing return.

When futures contracts are bought or sold, no initial investment changes hands.
In this sense, a futures contract is merely an agreement to deliver the particular
commodity in the future at a price agreed upon in the present. However, the ex-
changes in which futures contracts are traded specify that investors must pay an ini-
tial margin (or downpayment) for each futures contract traded. Brokers exact initial
margin payments from their clients.
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Previous research on margin requirements may be generally classified into
(a) those that investigate the relationship between margin requirements and volatil-
ity in the stock market (e.g., Hardouvelis 1988, 1989); Salinger (1989); Schwert
(1989); and Hsieh and Miller (1990)); (b) those that test the adequacy of margin re-
quirements (Figlewski (1984) and Gay, Hunter, and Kolb (1986)); (c) those that
theoretically address the cost of margin requirements and/or test the effects of
changes in margin requirements upon some aspect of market activity (Hartzmark
(1986) and Fishe and Goldberg (1986)).

Hardouvelis (1988) conducts empirical tests of the relationship between initial
margin requirements and stock market volatility for the period 1934-present and
concludes, from the results, that increasing margin requirements have the effect of
reducing stock market volatility. Salinger (1989) criticizes this conclusion on the
grounds that the relationship between margin requirements and volatility is not ro-
bust in the sense that it does not hold for all periods. Specifically, in the postwar
period, 1946-present, no significant relationship is observed. The evidence of a re-
lationship is due to the correlation between margin requirements and volatility ob-
served in the 1930s. Schwert (1989) criticizes Hardouvelis’ conclusions, based on the
evidence of empirical tests he conducts, which show that high returns and low
volatility in the stock market are followed by increases in margin requirements. He
interprets this as evidence that the Federal Reserve responded to high levels of
stock prices (associated with high returns and low volatility) by raising margin re-
quirements. Schwert’s results also indicate no significant effect of margin require-
ments upon subsequent stock returns and volatility. Hsieh and Miller (1990) claim
that the relationship between margin requirements and volatility detected by
Hardouvelis is due to serial correlation in the residuals of his regression (which they
control for by using first differences) and due to a misspecification in his regression
which uses both margin requirements and margin credit (correlated variables).
When these are adjusted for, the relationship between margin requirements and
volatility is not significant. Hardouvelis (1989) has responded to these criticisms by
stating that these are criticisms of his tests on the relationship between margin re-
quirements and actual volatility, whereas his research also includes tests of the rela-
tionship between excess volatility in the stock market and margin requirements,
which is a more important issue.

Figlewski (1984) provides a theoretical model which determines the probability
that a margin violation occurs at a particular time period. He uses the formula to
analyze the degree of protection provided by initial margins in the stock market
and the stock index futures market. Figlewski demonstrates that margin levels in
futures markets provide adequate protection while those in stock markets are much
higher. Gay, Hunter, and Kolb (1986) derive a theoretical formula similar to
Figlewski’s, which calculates the probability that the futures price moves by an
amount equal to or greater than the margin during a particular time period. The
formula is used to analyze margin-setting behavior in many commodity and finan-
cial futures markets. They find that the probability of futures price movements
greater than or equal to the margin is the same across similar commodities such as,
for example, wheat and oats. The margin-setting behavior is found to be consistent
over time as well.

It is argued that initial margin requirements are costless because they can be sat-
isfied by investing in T-bills which earn interest all the while that they are deposited
with the broker (or exchange). The interest on the T-bill is available to the investor
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(or the broker). Thus, it is claimed that initial margin requirements have no oppor-
tunity cost attached to them.

However, Telser (1981) argues that initial margin requirements do have a cost at-
tached, which is a liquidity cost. Once the margin is deposited with the broker, it is
no longer available for other purposes. Thus, the investor is less liquid than before
he/she bought or sold futures contracts.

Hartzmark (1986) argues that the liquidity cost is related to the probability that
the trader (hedger or speculator) may be caught short of liquid assets. Therefore,
the liquidity cost is different for every trader. Increasing margin increases the lig-
uidity cost and reduces the demand for futures contracts. Hartzmark tests empiri-
cally if open interest and volume are significantly different in the two periods 15
days before and 15 days after changes in margin, for wheat, cattle, pork bellies, and
bond futures contracts. He finds open interest and margin are significantly in-
versely related while there is no significant relationship between changes in margin
and changes in volume.

Hartzmark also attempts to determine if there are changes in the composition of
traders in the market. He tries to determine if an increase in margin requirements
for speculators causes speculators to reduce their activity in the market. Hartzmark
proxies speculator activity using an index he terms the noncommercial index. Un-
fortunately, as he himself remarks, it is difficult to identify target groups of specula-
tors and hedgers. The index is constructed using the number of long contracts held
by reporting commercial and noncommercial traders. Commercial traders are de-
fined as those whose line of business is directly related to the underlying spot
commodity. Since reports of traders are only required of traders exceeding re-
portable levels (set by the exchange), the index does not accurately measure specu-
lative activity of nonreporting traders. Second, a commercial trader can carry
hedging activity as well as speculative activity. Hartzmark’s empirical tests also
detect no significant effect of margin changes upon price volatility in the above
futures contracts.

Fishe and Goldberg (1986) argue that the cost of the margin to a trader arises
from the fact that the presence of the margin increases the costs associated with
exercising the option of defaulting on the contract. They hypothesize that increas-
ing margin should decrease the demand (long and short) for futures contracts. Their
empirical tests involve initial margin changes for all contracts traded on the
Chicago Board of Trade over the 1972-1978 period. A regression of changes in
open interest and volume on changes in margin and other variables yield the pre-
dicted result that open interest is inversely related to margin changes but that vol-
ume is positively related to margin. They conjecture that the second result could
arise due to increased activity if traders close out their futures position when mar-
gins are increased.

This article addresses the demand for futures contracts by hedgers and the conse-
quences of increasing initial margin requirements upon this demand. If the cost of
the margin is large enough to significantly lower the demand for futures contracts
by hedgers, then the use of futures contracts by hedgers is threatened by any at-
tempt to raise margin requirements.

This question merits attention. The stock market crash of October 19, 1987 has
prompted critics to cite the lower margin requirements (approximately 15%) in
stock index futures markets than in stock markets (50%) as making speculation
in futures markets easier and thereby contributing to the crash. The chairman of
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the Securities and Exchange Commission (SEC), which oversees stock markets, has
lobbied for veto control over the Commodities Futures Trading Commission
(CFTC) which oversees futures markets. Reportedly, the chariman of the SEC and
the Brady Commission which investigated the crash of October 19, are recommend-
ing that margin requirements in futures contracts be raised. This is not popular in
the United States. However, in Canada, the Toronto Stock Exchange increased
margin requirements on the TSE 35 futures contracts from 15% to 30% immedi-
ately after the October 19 crash.

This article theoretically examines the effect of initial margin requirements upon
the demand for futures contracts by hedgers. The cost of the initial margin require-
ment to all traders is defined as the difference between the trader’s borrowing and
lending rates. Hartzmark reasons that once margin is deposited with the broker in
the form of T-bills, it is unavailable to meet the trader’s liquidity needs, if they
arise. Therefore, the cost of the margin is a liquidity cost which depends on the
probability of the emergence of world states in which a trader needs liquidity. It is
argued here that even in those states of the world in which the trader does not re-
quire cash for liquidity purposes, the margin deposited with the broker is unavail-
able for investment in higher yielding assets. For the trader to retain the
opportunity to invest in high-yielding assets he/she has to borrow. Therefore, the
cost of the margin in these states is an opportunity cost. To be able to meet liquid-
ity needs and to retain the opportunity to invest in higher yielding assets in the
presence of the margin requirement, the hedger would have to borrow. However,
the margin deposited with the broker earns the T-bill rate. Therefore, the cost of
the margin in all states of the world is the difference between the trader’s borrow-
ing and lending (T-bill) rates.

When initial margin requirements are increased, the resulting increase in the
cost of the margin causes the demand for futures contracts by hedgers to fall. This
is modeled and tested empirically.

THE DEMAND FOR FUTURES CONTRACTS BY HEDGERS AND HEDGING
EFFECTIVENESS OF FUTURES CONTRACTS

It is allowed that the hedger may either have a long position in the spot commodity
or a short position in the spot commodity. If the hedger has a long position in the
spot commodity, in general, the optimal futures position could either be a short po-
sition or a long position. (It is assumed that the hedger’s objective is to maximize
excess return and minimize risk.) If the hedger has a short position in the spot
commodity, in general, the optimal futures position could either be a long position
or a short position. Accordingly, four separate cases are analyzed: long spot-short
futures, long spot-long futures, short spot-long futures, and short spot—short
futures. The effect of an increase in the margin requirement upon the hedger’s
demand for futures contracts and upon hedging effectiveness is analyzed also.

Long Spot-Short Futures

Assume that a hedger holds C units of the spot commodity. This could be foreign
currency or an agricultural commodity or shares of stock. The hedger is assumed to
hedge the value of the spot commodity by selling N futures contracts in the com-
modity. If the spot position consists of foreign currency, the hedger sells futures
contracts on the foreign currency. If the spot position consists of a stock portfolio,
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the hedger sells stock index futures contracts. It is assumed that the hedger is inter-
ested in maximizing the excess return per unit of risk of the hedged portfolio and
accordingly chooses N, the number of futures contracts.

The return R, from the hedged portfolio over the hedge period is given by:

C(P‘—P+div)+NS(F—F'—ﬁ—J'C,,.)
R, = S
) =

CP (1)
where R, = return from the hedged portfolio over the hedge period; C = number
of units of the spot commodity held (given); P’ = price of the spot commodity at
the end of the hedge period; P = price of the spot commodity at the beginning of
the hedge period; div = any dividends received due to holding the spot commodity
such as cash dividends, in the case of stock or interest, in the case of foreign cur-
rency; N = number of futures contracts in the hedged portfolio (constrained to be
positive); § = size of each futures contract; F' = futures price of the futures con-
tract at the end of the hedge period; F = futures price of the futures contract at
the beginning of the hedge period; M = initial margin requirement per futures
contract bought or sold (note that this is the value of the hedge margin for the con-
tract); and C,, = cost per dollar of margin requirement. This could be a liquidity
cost or an opportunity cost.

The cost per dollar of margin requirement is critical in determining the return
from the hedged portfolio of the spot and futures instrument. It may be noted that
once the margin (in whatever form) is deposited with the broker, it is no longer
available for other purposes to meet liquidity needs or to retain the opportunity
to invest in higher yielding assets even if the margin is deposited in the form of
interest-earning T-bills. If the investor needs the funds deposited as margin to meet
liquidity needs or to invest in other alternative investments, these funds would have
to be borrowed. Therefore, the liquidity cost of the margin requirement is the
investor’s borrowing rate—the investor’s lending rate.

Statman (1987) estimates the excess of the borrowing rate over the lending rate.
The lending rate is proxied by the T-bill rate. The borrowing rate is proxied by the
Call Money Rate which is the rate charged on loans to brokers on stock exchange
collateral. Statman estimates that during 1985 the average difference between the
Call Money Rate and the T-bill rate is approximately 2% on an annual basis. The
margin cost C,, is defined, in this article, as the difference between the investor’s
borrowing rate (proxied by the average rate of interest on a broker’s call loan) and
the lending rate (proxied by the T-bill rate) over the period of the study.

It is shown that the magnitude of the margin cost C,, is critically important in
determining if an increase in margin requirements will adversely affect the demand
for futures contracts. The excess return per unit of risk 6, of the hedged portfolio is
given by

8;, = (2)

where R, = expected return of the hedged portfolio, i = risk free rate, and
o, = standard deviation of return of the hedged portfolio. Maximizing 8, with re-
spect to N, with the constraint that N = 0 (and C greater than 0) gives the optimum
number of futures contracts N* in the hedged portfolio. The first order conditions
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for a solution to the above problem (see Dano (1975), p. 13) is
88). 68;.
SNSO,NEO,N T (3)
The second-order condition for a solution to the above problem, which holds
whether N = 0 or N > 0 is given by

3’6

W; <0 @)
A detailed derivation of the solution to the above using explicit Kuhn-Tucker an-
alysis is given in Appendix 1.

Table 1 summarizes the possible solutions and their corresponding first- and
second-order conditions. As can be seen, there is a range of parameter values at
which N = 0. This study is more concerned with the case when N > 0, and the ef-
fect of raising margins upon this case. The analysis of this case follows.

It should be noted that in maximizing 8,, the excess return per unit of risk or the
Sharpe ratio, it is assumed implicitly that the hedger has a quadratic utility function
or that return distributions are normal. A query may arise as to how the results may
differ if the hedger has constant relative risk aversion with various possible values
of relative risk aversion. An answer is provided in the work of Kroll, Levy, and
Markowitz (1984). They compare the performance of optimal portfolios created by
mean-variance maximization (with borrowing/lending at the risk-free rate allowed)

Table 1
SOLUTIONS TO THE HEDGER'S PROBLEM AND IMPLIED FIRST- AND
SECOND-ORDER CONDITIONS

Pr— P+ div
P

r,=(F—F’—%C,.)/P

r;, Fy are expected values of r, and r, o, and oy are standard deviations of r, and r;
and p,; is the correlation between r, and r;

=

Implied Implied
Optimal Value of N First-Order Second-Order
Solution N* Condition Condition
-1 _#
1.N >0;-aﬁ=0 (_r’_‘)a:!_—.r’a; .3 and p,f-’l<——(r’_l)
aN rrog—(h==00f] 8 £ Roh ay as
oy 0,
30 (=0 _F rr_(R—1i)
22N> h—=@ 0 y——=< gLt
aN Py o, oy Py oy o,
9, F-d_ 7  F_ (R
33N>0;— <0 0 —_— —_ L Pt
oN o o, oy o oy o,
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with that of optimal portfolios created by expected utility maximization (with
borrowing/lending at the risk-free rate permitted) for many different utility func-
tions, among them utility functions exhibiting constant relative risk aversion with
various values of relative risk aversion. The approximation index

_ E*U() - ExU()

1= F00) = ExU()

where E* U( ) = expected utility of optimal portfolio from mean-variance maxi-
mization, E U( ) = expected utility of optimal portfolio from direct expected utility
maximization, and Ey U( ) = expected utility of a “naive” portfolio with 1/M in-
vested in each security where M represents the number of securities was used to
measure the performance of mean-variance maximization relative to direct utility
maximization. The approximation index is close to 1 (ranging from 0.973 to 0.998
for the utility functions with constant relative risk aversion). Since the returns data
are skewed, Kroll, Levy, and Markowitz interpreted this as evidence that the re-
sults are not due to normality of data.

Therefore, building upon the results of Kroll, Levy, and Markowitz, the results
here are expected to be robust, in spite of the fact that mean-variance maximiza-
tion is used instead of direct utility optimization with various utility functions.

The solution to the case when N > 0 is

-l Lo T
where
r, = (P’ — P + div)/P = effective return from the spot position (6)
and
= (F sl —ASiC,,.)/P = effective return from the futures position,

)

r. and 7y are the expected values of r, and ry, o, and oy are the standard deviations
of r, and ry, pyis the correlation between r, and ry and o is the covariance between
ry and ry.

To determine the effect of an increase in margin requirements upon the demand
for futures contracts, eq. (5) is differentiated with respect to the margin require-
ment M.

aN* [afa}(a - i)y =] (&) C ®)

M |Foy-G -t 2| \P) &

A detailed derivation of the above is provided in Appendix 2. The right hand side
of eq. (8) is negative as long as the expected return from the spot position r, is
greater than the risk-free rate and |ps| < 1. The conclusion is that as margin re-
quirements are increased, the demand for futures contracts by hedgers decreases. It
is evident from eq. 8 that the cost per dollar of margin deposited, C,, is critical in
determining the reduction in the demand for futures contracts.

The hedging effectiveness of futures contracts may be proxied by the excess re-
turn per unit of risk of the portfolio of the spot position and the futures contract to
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that of the original spot position. The effect of increasing margin requirements
upon the excess return per unit of risk of the optimal portfolio of the spot position
and futures contracts may be analyzed. Figure 1 shows this graphically. The
expected return of different portfolio positions are graphed against their standard
deviation of return. § with coordinates 7, and o, denotes the spot position, with
r; given by eq. (6). F, with coordinates 7y and oy denotes the futures position with r;
given by eq. (7). O, represents the optimal portfolio of the spot, futures, and risk-
free asset. When margin requirements are increased, the mean return from
the futures position is reduced while its risk remains the same. F, represents the
futures position under increased margin requirements. O, now represents the
optimal portfolio of the spot, futures, and the risk-free asset under increased
margin requirements. The difference between the slopes of iO; and IO, is a
measure of the reduction in the excess return per unit of risk due to increased
margin requirements.

This may be analyzed mathematically. The optimal value of 8,, 6,* is deter-
mined by substituting N* from eq. (5) for N in eq. (2). Differentiating 6,* with re-
spect to M gives:

3,* -N*C,
M) alCP

where o is the standard deviation of the optimal portfolio of the spot and futures.
The value of eq. (9) will be negative if N* is constrained to be positive.

Suming up, as the margin requirement is increased, the demand for futures con-
tracts is reduced. The excess return per unit of risk of the optimal portfolio of spot
and futures is reduced as well.

9)

Long Spot-Long Futures Position

Since the hedger’s objective is to maximize excess return per unit of risk, a situ-

ation could arise where a long futures position is optimal (see Howard and

D’Antonio (1984). This solution is not the generally expected intuitive solution.
The return R, from the hedged portfolio over the hedge period is given by:

M

C(P' — P + div) + NS(F' — F -?'C,,,)
Ry = CP (10)
: = =_ WAt =2 _g= i
e . o
r
" %
(o]
o 2
r S rhO'.
Risk % 0 e
Figure 1

Margin Requirements and Hedging Effectiveness.
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where all variables are defined as in the case of a long spot—short futures. The
hedger’s problem is to maximize

subject to the constraint that N = 0 (and C > 0).
The solutions, first-order and second-order conditions of Table I, also apply to
this problem with one difference, namely, that r; is defined as:

rf=(F'—F_%'Cm)/P (11)

When N > 0, the effect of increase in margin upon the demand for futures con-
tracts and the hedging effectiveness of futures contracts is given by egs. (8) and (9),
with r; defined by eq. (11). As before, it may be deduced that the effect of increasing
margin is to reduce the demand for futures contracts (as long as the expected return
from the spot position 7, is greater than the risk-free rate i and |p,s| < 1) and reduce
hedging effectiveness (unconditionally).

Short Spot-Long Futures Position
The return R, from the hedged portfolio is given by

C(P - P' - div) + NS(F' - F —%-c,.)
Ry = r (12)

where all variables are as defined in the case of long spot-short futures. The
hedger’s problem is to maximize

Ry -

Th

On

subject to the constraint that N = 0 (and C > 0 (note that even though the hedger
holds a short spot position, because of the way of defining the return from the short
spot position which allows the use of the results of the case of long spot-short
futures in a general way to fit all positions, C is effectively constrained to be > 0)).
The solutions, first- and second-order conditions of Table I apply to this case also
with the substitution that:

P — P' - div

e (13)

r,=(F'—F—%-C,.)/P (14)

substitute for previously defined values of r, and r,. When N > 0, the effect of in-
creasing margin upon the demand for and hedging effectiveness of futures con-
tracts is given by egs. (8) and (9), with r, and r, defined by egs. (13) and (14). As
before, it may be deduced that an increase in margin requirements will reduce the
demand for futures contracts, as long as the expected return from the spot position
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r, is greater than the risk-free rate i and |py| < 1 and decrease hedging effective-
ness unconditionally.

Short Spot—Short Futures Position

Again, since the hedger’s objective is to maximize excess return per unit of risk, it
could arise that a short futures position is optimal, although this is not the gener-
ally expected intuitive solution.

The return R, from the hedged portfolio is given by:

C(P - P' — div) + NS(F - F' —%-Cm)
GP

where all variables are as defined in the case of long spot-short futures. The hedg-

er’s problem is to maximize

R, = (15)

Tp

subject to the constraint that N = 0 (and C > 0). The solutions, first- and second-
order conditions of Table I apply to this case also with the substitution that r,, as
defined in eq. (13) and r; as defined in eq. (7) substitute for previously defined val-
ues of r, and r;,. When N > 0, the effect of increasing margin upon the demand for
and hedging effectiveness of futures contracts is given by egs. (8) and (9), with r,
and ry defined by eqs. (13) and (7) respectively. As before, it may be deduced that an
increase in margin requirements will reduce the demand for futures contracts as
long as the expected return from the spot position 7, is greater than the risk-free
rate, and |py| < 1 and decrease hedging effectiveness unconditionally.

It should be noted that though based on actual historical data, the expected re-
turn from the spot position 7, may not simultaneously be greater than the risk-free
rate i for a short spot position and a long spot position, in terms of the expectations
of a hedger with a short spot position, the expected return 7, may be > i while
simultaneously in terms of the expectations of another hedger with a long spot posi-
tion, the expected return 7, may be > i.

METHODOLOGY AND RESULTS OF EMPIRICAL TESTS

Data

Weekly data on the interest paid on brokers’ call loans (high and low) for the years
198288 are from 1. P. Sharpe Associates. Weekly data on the three-month T-bill
rate for the years 1983-88 are also from I. P. Sharpe Associates. Daily data on the
returns on the S&P 500 stock index (includes dividends and capital gains) are from
the Center for Research in Security Prices daily index data tape. Daily data on the
settlement price, trading volume, and open interest of the S&P 500 futures contract
for the period May 3, 1982-June 30, 1988 are from the Centre for the Study of
Futures Markets at Columbia University which originate from the International
Monetary Market of the Chicago Mercantile Exchange. Data on margin require-
ments history on the S&P 500 futures contract are from the CME and presented in
Table II. Note that over the period of the study, hedging margins are changed only
once in 1982 and six times in 1987. Over a major portion of the period of the study
(10/25/82 to 01/30/87) there is no change in hedging margin.
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Table I1
S & P 500 MARGIN HISTORY 1982-88

Futures Margin $

Date Speculators Hedgers/Members Firm
04/21/82 6000 I 2500 1 1500 1
2500 M 1500 M 1500 M
10/25/82 6000 I 3000 I 2500 1
2500 M 2500 M 2500 M
01/30/87 10,000 I 5000 1
5000 M 5000 M
10/19/87 10,000 1 7500 1
7500 M 7500 M
10/22/87 15,000 1 10,000 I
10,000 M 10,000 M
10/28/87 20,000 1 12,500 1
12,500 M 12,500 M
10/29/87 20,000 I 15,000 1
15,000 M 15,000 M
12/18/87 15,000 I 10,000 1
10,000 M 10,000 M
03/08/88 18,000 1 10,000 1
10,000 M 10,000 M
04/12/88 19,000 I 10,000 M
10,000 M 10,000 M
07/12/88 20,000 I 10,000 I
10,000 M 10,000 M
09/21/88 20,000 1 4000 1
4000 M 4000 M

Note: I = initial margin requirements; M = maintenance margin requirements.
Source: Chicago Mercantile Exchange.

Methodology and Results

Estimates of Actual Values of Parameters. The average interest rate on brokers’ call
loans is calculated as the average of the high and low interest rates on brokers’ call
loans. The mean of the average interest rate on brokers’ call loans and the three-
month T-bill rate is calculated for each of the years 1983-88. The margin cost C,,
per year is calculated as the difference between the mean average interest rate on
brokers’ call loans and the mean T-bill rate for the year. Table III shows the results.
The margin cost varies from a low of 1.44% in 1983 to a high of 2.07% in 1987. The
average margin cost for the years 198388 is 1.75%. The margin cost per day is ob-
tained as C, = (1.0175)"*% — 1. This value of C, = 0.00475% is used in subse-
quent calculations to determine the effect of an increase in margin upon the
demand for futures contracts and hedging effectiveness. As shown in Table III,
the mean T-bill rate is calculated to be 7.5% per year. This is converted into a daily
rate to calculate the risk-free rate i as i = ((1.075)'** — 1) .100.

A time series of daily futures contract settlement prices is constructed for the pe-
riod January 1982 through June 1988 by rolling over each maturing futures contract
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Table 111
CALCULATION OF THE MARGIN COST C./YEAR

Mean of
Average Interest Mean of the Margin
Rate on Brokers’ 3-month Cost
Call Loans T-bill Interest C,./year

Year % Rate % %
1982 13.38 Not available Not calculated
1983 10.06 8.62 1.44
1984 11.23 9.53 1.70
1985 9.03 747 1.56
1986 7.76 5.99 i
1987 7.85 5.78 2.07
1988 8.36 6.37 1.99

Mean margin cost C,,/year = 1.75%.
Mean T-bill rate i/year = 7.5%.

to the futures contract with the next closest maturity on the last day of trading of
the maturing contract. Daily returns from the spot position and the futures posi-
tion are calculated using the egs. (6) and (7) for the long spot-short futures posi-
tion, egs. (6) and (11) for the long spot-long futures position, egs. (13) and (14) for
the short spot-long futures position, and egs. (13) and (7) for the short spot-short
futures position. Note that in egs. (7), (11), and (14) the contract size § = $500. The
margin M is the appropriate hedging margin for the date for which the return is cal-
culated. This information is provided in Table II.

Actual values of mean returns (7, and 7;), standard deviation of returns (o, and
ay), and correlation between the returns (p,s) on the spot and futures position are
calculated for the years 1982-88 for each of the four cases: long spot—short futures,
long spot-long futures, short spot—long futures, and short spot-short futures. The
mean daily trading volume (N) and open interest (0) in the S & P 500 futures con-
tract and the standard deviations of the daily trading volume (o) and open interest
(o0) in the S & P 500 futures contract are calculated for each of the years 1982-88.
These results are shown in Table IV. All returns are on a daily basis.

Note from Table IV that the mean returns from the short spot position is the
negative of the mean return from the long spot position and the standard devia-
tions of returns are the same under the long spot and short spot position. This is
consistent with eq. (6) (return under the long spot position) and eq. (13) (return un-
der the short spot position). Note that the mean return under the long futures posi-
tion is positive, and that under the short futures position it is negative. The
absolute values of the mean return under the long futures and short futures position
have different values. This is consistent with eq. (7) (return under the short futures
position) and eq. (11) (return under the long futures position). The difference in the
values, however, is very small. This is due to the small magnitude of the margin
cost per dollar of margin on a daily basis (0.00475%). Note also that the absolute
values of the correlation between the returns on the spot and futures positions are
the same for the long spot—short futures, long spot-long futures, short spot-short
futures, and short spot-long futures positions. This is consistent with the definition
of the spot return and futures returns given by the pairs of egs. (6) and (7), (6) and
(11), (13) and (14), and 13 and 7 for the above four cases, respectively. As expected,
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the correlations are positive for the long spot-long futures and short spot-short fu-
tures cases and negative for the other two cases.

The general conclusions, illustrated in Table 1V, are that the magnitude of the ab-
solute value of the excess return from the spot position 7, — i is slightly higher than
that from the futures position, the standard deviation of the return from the fu-
tures position is higher than that from the spot position, and the absolute values of
the correlations between the spot and futures position is close to 1.

As far as the figures on trading volume and open interest are concerned, mean
trading volume is higher than mean open interest for the years 1982-84 and vice
versa in the years 1985-88. The standard deviation of trading volume is higher than
that of open interest for the years 1982-85 and vice versa in the years 1986-88.
These figures are but an imperfect proxy for hedger activity in the S & P 500 stock
index futures markets. Direct accurate measures of hedger activity in the stock in-
dex futures markets are impossible to obtain at this time because reports of trades
are filed with the Market Surveillance Department of the Chicago Mercantile Ex-
change only if trades exceed defined reportable levels set by the exchange or if a
hedging trader wishes to obtain permission to exceed speculative position limits set
by the exchange. (See Chicago Mercantile Exchange Clearing House Operations
Manual, January 1989 and Rules of the Chicago Mercantile Exchange, March 1989.)
In addition, a hedging trader may simultaneously take part in speculative activity.

The returns on the futures position r; used to calculate the mean return on the
long futures and short futures position presented in Table IV are determined using
actual values of the margin in use in the appropriate period as given in Table II. In
addition, mean values of the return on the futures position 7; are calculated assum-
ing that the margin is 50% of the contract value. This value of margin is chosen to
coincide with the stock market’s margin requirements of 50%. The mean return 7y
is lower by 0.002%, on a daily basis, for all years for the short futures position and
for five years (1982, 1983, 1986, 1987, and 1988) for the long futures position. It is
lower by 0.003% for two years (1984, 1985) for the long futures position.

The parameters estimated in Table IV could have been used to determine the
sensitivity of the demand for futures contracts to increase in initial margin require-
ment to 50% of the contract value. This is not done because of the instability in the
parameter estimates and because the in-sample parameter estimates of the mean re-
turn on the short spot position 7, are negative for all years. It may be argued that a
hedger may not hold a short spot position if the expectation is that the return from
the short spot position will be negative. It is reasonable that in terms of expecta-
tions at least, the mean return from the spot position should be positive. Therefore,
some reasonable values of the parameters are assumed, the decrease in the demand
for futures contracts by hedgers on an increase in initial margin requirement to 50%
of the contract value are determined, and, the sensitivity of the fall in demand to a
change in the different parameters is calculated.

Effect of the Change in Margin Requirement Upon the Demand for Futures Contracts
by Hedgers. Some annual values of the relevant parameters are assigned as fol-
lows: 7, = 16.5%, o, = 10%, ;= —8%, oy = 15%, py= —0.9, and i = 7.5%.
These values are referred to hereinafter as the base case values. The above values
have the characteristics observed in the actual values computed in Table 1V, i.e.,
the absolute value of 7, — i is approximately equal to the absolute value of 7;;
o, < oyand |py| close to 1. The above values have the desirable property that the

MARGIN REQUIREMENTS [ 225



88I'€T  €EL'PT  O08¥'PI  LOZ'LF 80960 8096'0— 80960 8096'0— LSOY'T  6L60'0—  LS9¥'T  TL600 861  6800— 86Z1 6800 9Z1/8861
OIE'9T  $9L'0ZT 9¥E'LZ  LE6'TL 61960 6196°0— 61960 1296°0— CLBYT  6BE0'0—  TLBYT  SBED0  STOZ  O0E00—  SZOT  O£0'0 £ST/LB6I
TIS'€E €986  I¥O'%C  SIS'EL 1Z¥6°0 1Z96°0— 1Z¥6°0 1296°0— BILO'L  78S0°0—  BILO'L  6LS00 8260 SSD'O— 8260  SSO'D O0SZ/9861
SBS'PT  PPE'09  LPR'BI  O¥S'LS 97580 9758°0— 9Z58°0 97580~ 8918°0  61L00— 89180 9IL00 O¥90  S600— OV90  S60°0 ZSZ/SR6I
I¥8'01  BLO'SE  #SS'ST  6SH'LY $ZER'D $7€8°0— ¥ZES0 $ZES0— PI90T  OTIE00—  #Z90°'T  LOED'0  LOBO  LOOO—  LOSO  LOO'O 6PZ/PS6I
8¥S9  ILO'YT  £Iv6 OEI‘IE  €506°0 £506°0— £506°0 £506°0— P600'T  BOLOO—  #600'T  ¥OLO0  I¥80  990°0—  I¥80  990°0 ZST/EBGT
BLFE  9L0'TT  S96L 98€'LT 19,80 19.8°0— 19L8°0 19.8°0— ILS9'T  €EOT'0—  ILS9'T 62010  8€TT  LITO—-  BEZT  LIT'O 691/Z861
Op ] No N saning saunyng saimng sanng % o a fa % o ¥l % o % /4 % % "4 wEyEp Jo
UOIEIAN] U UONEIAQ UEIpy 104y 3uo] uo Joyg UOREAQ  UE3ly  OOnEIA(Q UBIlY UONEAN] ORI UONEIA3Q uwdpy  siep jo
pIepuElg piepuEig —jodg —jodg -jodg -jodg pispum)g plrepuEg piepuEg pawpuElg Jaquiny
uoyg yogg 8uoy Buoy jawag
(s19enmo) jo oN)  (s12e1jUO)) Jo “oN) #d saamng puw jodg ogg 3uo0] Hogs 3uo]
wanug wadg smnjop Juppes), U39419g TONE[ALIO)
sanjng xapuj 005 ¥ S NIV uopisog sainjn g uopsog jodg

SISVE XTIVA V NO SLAMIVIN STHNLNA ANV LOdS XAANI ¥DOLS 00S d ¥ S THL WOdA SHALAWVHV 40 SHNTVA TVNLOV
Al 3198L

KALAVATHI AND SHANKER

226 /



second-order condition for a maximum

is satisfied and the first-order conditions for a non-negative solution to N, given by:

Te — i T
psf&—) < L 8 and
Ty oy
rf re—1i
Pe s 0'] (1

are satisfied. The optimal values of the number of futures contracts N* and hedging
effectiveness 6, is then calculated using eq. (5) and eq. (2). This gives a result of
N* = 0.4392 € and 67 = 1.10.

The optimal values of the number of futures contracts N*' and the hedging effec-
tiveness 87’ when margin requirements are increased to 50% of the contract value
is then determined. This is determined by assuming that the parameters r;, o, oy,
pss, and i have the same values as in the base case. The mean return on the futures
position 7; is assumed to be reduced by 1% per year to a value 7y = —9%. This is
based on the previously observed effect of increasing margin requirements to 50%
of the contract value upon the actual values of 7;. 7y reduced by 0.002% to 0.003% on
a daily basis or by 0.73% ((1.00002° — 1) x 100) to 1.10% ((1.00003*** — 1) x 100).
This gives a value of N*' = 0.3889 £ and 67" = 1.02.

Therefore, if margins increase to 50% of contract value, the decrease in the de-
mand for futures contracts by hedgers would be (N*' — N*)/N* = 11.45% and the
decrease in hedging effectiveness would be (65" — 67)/6F = 7.27%. The effect of
increasing margin is calculated as an explicit discrete change in the demand for
futures contracts and in hedging effectiveness, rather than the continuous change
given by egs. (8) and (9). This is because of the requirement that to apg]y
eqgs. (8) and (9) to calculate the effect of a change in margin requirements, 37
and —! should be equal to 0 at the status quo which may not hold.

Sensitivity of the Decrease in Demand for Futures Contracts by Hedgers Upon the
Parameters of the Spot and Futures Markets and T-Bill Rates. Each of the parame-
ters 7,, o, 0y, pyy, and i are increased or decreased by 1%, 5%, and 10% from the
base case values while keeping all other parameter values the same as under the
base case. The optimal values of the number of futures contracts N* and the hedg-
ing effectiveness 67 under current margin levels are computed using these values
and 7; = expected return from the futures position = —8%. The opumal values of
the number of futures contracts N*' and the hedging effectiveness 6}’ under mar-
gin levels equal to 50% of the contract value are calculated by using the expected
return under the futures position 7; = —9%. The percentage changes in the optimal
number of futures contracts and hedging effectiveness is calculated. The results are
shown in Table V.

As expected, the greater the magnitude of the change from the base case, the
greater the difference in the decrease in demand for futures contracts and hedging
effectiveness from those under the base case. However, decrease in hedging effec-
tiveness is not as sensitive to the shifts in the parameters as the decrease in the de-
mand for futures contracts. Hedgers, according to this model, could therefore

MARGIN REQUIREMENTS 1227



0S'L 449 0z'1 Y6 LT6E0 LTEYO $'6 a

8L ¥6'0 01 6E°F1 Y8LED 0Zy'0 S0l 1 0

18 980 ¥6°0 S8l 19Z€°0 66670 SLYST a

60'L 81'1 LTl £0'8 78710 959%°0 STELI 1 Y %S

v0'8 £0'1 It Y011 ZE6E0 0z 0 ST¥'L a

pEL 101 601 68°11 PP8E0 £9E°0 SLSL I !

L 00'1 801 0921 ¥89€°0 SITH0 168°0— a

96'L v0'1 €'l vE01 001%°0 ELSPO 60670 I #d

veL 10'1 601 5611 $L8E0 00tt°0 s8°p1 a

1zl £0'1 40 5601 Z06£°0 Z8EY°0 ST°ST 1 o

PIL v0'1 g 89°01 886£°0 S9P'0 66 a

'L 001 801 L6'T1 PLBED 10v4°0 1°01 1 0

8F'L 66'0 LOT 9%zl L8LED 9ZEF'0 SEE9T a

B0°L S0'1 €11 09°01 186£°0 £SPP0 $99'9] 1 u %1

% A6 dnEA Jo mdrey % N 0[EA o O3y IpPweisj  IN[EA Aynjosqy  paduey) ase) Iseqg
aseaIdA(] 19R1)U0)) JO %08 JUALIN)) Japu[)  3seAIdA(] 19R1U0)) JO %05 juanin)) Japun) Jo anpep ul (] S8 IPueleg wouj aduey)

Jo updaey Japuy) Jo widzepy 1apu) o | asBaIdU] Jo spnyudepy

ssauaa22)y3 3uidpay jo anpep (pundo

+SPENTOY s2amIn Jo dquiny [ewpnd

SALIVY TTIEL ANV SLANEVIN STANLNA ANV LOdS XAANI ¥DOLS 00§ d ¥ S FHL NI SHALIWVEVd FHL
40 SHLVWILLSA OL SSANFAILDAAAA ONIODAIH ANV SLOVILINOD STENLNA 40 ¥FGIWAN TVINLLIO NI ASVANDAA 40 ALIALLISNAS

A dIqeL

KALAVATHI AND SHANKER

228/



$2InINJ YorS JO IZIS =

2a13-¥su = 1 ‘6’0~ ‘uonisod sainjny pue jods 3y} UO WINJAI Y} UIIMIAQ UONE[21I0D =
{956— ‘aN[EA 19BIIUOD Y} JO 240G 01 [enba [9Aa] uiSiew 1apun uonisod saI1NINg Y} WOLJ UIMAL pawadxs =

oy} wouy uInya1 pardadxs = 12501 ‘vonisod jods oY) WOIJ UINJAI JO UOHIEIAID PIBPUEIS = 0 195C79] ‘uomsod jods oY1 woIj uInIa1 paroadxs =

“10BIjUOD

s pue uonsod jods Y3 JO SIUN JO JAQWINU = D M (§/D) 4 UWN{OS Y3 Ul 2L = (, N 10) (N SIFBIUOD SAIMINJ JO Iaquinu rewndQ,
bl 2sed 9SBq I2pUN S}ORIJUOD SAINNJ 10] PUBAP Ul ASEIIN(

*95L7° L = 98Bd 35E(Q JIpun SSQUIAIINAIIR Nﬂmm—uuz ui 3seaIdsp S Il =

“9%°L ‘a3

Jid ‘9501 ‘uonysod saining 2y} WOIJ UINJAI JO UONBIAIP PIBPURIS = lo
/1 topg— ‘spaas] urdiew JuanInd 1apun uonisod sarming

51 :5an]DA 350D 25DG

oT’L
TE9
(A4
9¢'91
089
69°L
€9°L
8¢9
90°S
YA
£9°L
8L°L
0
19°01
099
68°L

911
680
€60
sTT
960
80'T
T
880
SL0
Sl
60T
$6'0
160
811
660
SO'T

ST1
S6'0
96°0
69°C
€01
LT'1
11
$6°0
6L°0
i
8T'T
€01
160
CE'E
901
140!

97’8
¥SLL
0s°sT
L
er6l
8L°L
L
LE8T
9T'LE
909
¥9°6
¥8°El
LyLl
609
LS¥1
976

1374 41]
EEEE0
LLOT0
6££9°0
8ESE0
0Z6£°0
€16E0
S65€0
€100
ssvo
880%°0
€S9€°0
08€Y°0
S10S°0
SLLED
876€°0

9€9%¥°0
roro0
88LT0
01¥9°0
1640
1S2¥°0
1€2¥°0
PO¥Y°0
Tsee0
9¥8¥°0
PTsyo
wer'o
0zZeS0
0peS’0
(8240
67EY0

SL'9
ST'8
18°0—
66'0—
Stl
§91
6
It
S8yl
S1'81
STIL
SL8'L
SS80-
S¥6'0—
TPl
SL'ST

%01

/229

MARGIN REQUIREMENTS



obtain not very different measures of hedging effectiveness by suitably reducing the
number of futures contracts in their portfolios.

The decrease in demand for futures contracts and hedging effectiveness are not
symmetric, i.e., an increase in a parameter by 1% does not give rise to the same
decrease in demand for futures contracts and hedging effectiveness upon increase
in margin levels to 50% of the contract value as does the decrease in the parameter.
This is more clearly evident at 5% and 10% shifts in the parameters from the base
case. Table V shows that when the expected return on the spot position 7, is low,
when its volatility o, is high, when the volatility of the futures position is low, the
absolute value of the correlation between the spot and futures position |p, is low,
when the risk-free rate i is high, the decrease in the demand for futures contracts
with an increase in margin to 50% of contract levels is higher than in the other
cases. In addition, the decrease in demand for futures contracts to 50% of contract
levels is most sensitive to decreases in the expected return on the spot position 7,
and to decreases in the correlation between the spot and the futures position. The
magnitudes of the sensitivity of the decrease in demand for futures contracts to the
increase in the volatility of the spot market, the decrease in volatility of the futures
market and the increase in the risk-free rate are approximately equal.

The above analysis of the effect of increasing margin requirements upon the de-
mand for futures contracts and hedging effectiveness are applicable to a hedger
wishing to hedge a long spot position or to a hedger wishing to hedge a short spot
position whose expectations of the expected return on the spot position is de-
scribed by the base case value 7, = 16.5% (positive value). It is assumed that the
hedger wishes to hedge a long spot position with a short futures position (7; and py
are negative) or that the hedger wishes to hedge a short spot position with a long
futures position (7; and p, are negative). (The long spot-long futures and short
spot—short futures are omitted from the empirical analysis of sensitivities since a
preliminary analysis with the actual values of the parameters of Table IV indicates
that these would result in the second-order condition for a maximum being unsatis-
fied or in values of N* = 0.)

CONCLUSIONS

Futures contracts are important instruments which allow hedgers to manage risk.
The initial margin paid by an investor in futures contracts poses a cost to the in-
vestor. The theoretical concept of the cost and how it may be measured are ex-
plained and empirically measured. The results indicate that the cost of the margin
averages 1.75%/year. The effect of an increase in initial margin requirement upon
the demand for futures contracts by hedgers and the hedging effectiveness of fu-
tures contracts are examined theoretically. The impact of an increase in margin re-
quirements is shown to lower the demand for futures contracts by hedgers and the
hedging effectiveness of futures contracts.

The effect of an increase in margin requirements upon the demand for the S & P
500 spot index futures contract by hedgers is simulated. The results indicate that
the demand for the S & P 500 spot index futures contracts drop substantially when
margin requirements are increased to be compatible with the stock market. The
drop in the demand for futures contracts is also higher, the lower the expected re-
turn on the spot market and the lower the absolute value of the correlation between
the spot and futures markets. The drop in the demand has approximately the same
sensitivity to increases in the volatility of the spot market, decreases in the volatility
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of the futures market, and increases in the T-bill rate. The results are significant,
since this reduction in demand would cause a decrease in the liquidity of these mar-
kets, which could further increase costs to market participants and endanger the
continuing use of these markets by hedgers.
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Appendix 1

Following is the solution to the hedger’s problem of maximizing expected excess re-
turn per unit of risk.
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LONG SPOT-SHORT FUTURES POSITION
The return from the hedged portfolio R, is given by:
C(P" = P + div) + NS(F - —-Asi-(,‘,,.)

Ry = CP (1.1)

where all terms are as defined earlier. The hedger’s problem is to maximize 6, with
respect to N, subject to the constraint that N = 0, (and C > 0) where

Ry—1
Th

Ox

where R, = expected return from the hedged portfolio, i = risk-free rate, o, =
standard deviation of return of the hedged portfolio. R, and &, may be written as

= Lo NS

Ry,=r+ ’E" ol (1.2)
NS\? NS
or =0 + (F) of + 2 C P10 (13)
where

r, = w—dﬁ = effective return from the long (1.4)

P spot position

F—-F - % s

rp= P = effective return from the short (1.5)

futures position

and r, and ry are the expected values of r, and ry, o,, and oy are the standard devia-
tions of r, and ry and p, is the correlation between r, and r;. Note that in the maxi-
mization problem, N is constrained to be = 0, because of the way in which r; is
defined. ry is the return on a short futures position which effectively takes into ac-
count the cost of the initial margin deposited to fulfill the margin requirement.
Using Kuhn-Tucker analysis, the first-order conditions for a maximum are:

s _ o 90
N =z 0; aNSO’ N aN_O (1.6)
(See (Dan (1975), p. 13).) The second-order conditions for a maximum are:
a0,
W <0 (1.7)
F + Lo 4
] C iz

R 2 a NS 12 (18)
[0, + (?) o + Z?p,,a,af]

T
i e L9t

aN VR 2 %L aN

(1.9)
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where

NS NS

< o-; I C P9
B[S (g (5Vor 4 225,00
aN _|"C O C of CP:fasf

_ . NS NS?
(o - ) )]

(1.10)
ry (rs = 1) pyosopS NS® F. 1
365 Efo’f - c 3 cz Tipgoi0r = (7 = o)
m = VS."Z
(1.11)
2
azeh E,'i (Efpsfasaf ‘= (Fs - ‘)afz)
EI-V_z = yn
3 T F = [ sf OO S st
_ E X [‘C'ISO'E _ ( s )gf f it CZ (rfp:falxa-f ( — l)o'f)]
1 v
o (112)
a0, _[S . NS* NS
BT; = [C2 (Frpssosop — (75 — t)tJ'fz)(O',2 + ( C )Uf +2 o P:f“ao'f)
3 [7a2S (7 — Dpyo,orS | NS? ;
-3 fC 1} )gf e 3 ot Fpsosor = (= l)fffz)]
NS2
. [2 CS2 of + Z%Psfﬂ':f’f”/ym {1

Three solutions to egs. (1.6) and (1.7) are possible.
(1) Solution I. The first-order conditions are N > 0, 8, /dN = 0. The second-order
condition is

3235

7

(2) Solution 2. The first-order conditions are N = 0, a6, /N = 0. The second-order

condition is
8%0,
— < 0.
aN?

(3) Solution 3. The first-order conditions are N = 0, 86, /3N < 0. The second-order
condition is
3%,
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Solution 1
Substituting the first-order conditions of solution 1 in eq. (1.11), we obtain:

a6,
oN ¥
-s -1 sf Uy = ¥y :2 C
W - | = Hptty = s | € (1.14)
FepPsf 005 — (f, o I)U] h

Substituting eq. (1.14) into eq. (1.13) we obtain (note that this causes the second
term in square brackets in eq. (1.13) to equal 0)

a6 _ S B 5 2w
aN?: = o2 Wrey ooy = (7 — i) o)V (1.15)
The second-order condition 8°6,/dN?* < 0 implies the condition
b i SAS (1.16)
as o5

The condition N > 0 can be satisfied if both the numerator and denominator of the
right hand side of eq. (1.14) are greater than 0 or both the numerator and denomina-
tor of the right hand side of eq. (1.14) are less than 0. However, the condition that
the denominator of eq. (1.14) is greater than 0 conflicts with the second-order con-
dition for a maximum 1.16. Therefore, the only acceptable first-order condition for
solution 1 is that both the numerator and demoninator of eq. (1.14) be less than 0.
This implies

-0 _ 7

Py Oy ay

and
rp =i

PR QP (1.17)

Solution 2
Substituting the first-order conditions of solution 2 into eq. (1.11), we obtain
’_'fSO',z - (F, - i)p,fO',O'fS
a8, C [

T T =0 (1.18)

This implies

-0 _5
[ ay

Psf (119)

Substituting N = 0 in eq. (1.13) implies

2’0 . -
ERF’; = [F (Frpgo0or — (7 — i)of)ot?

ralS  (F - ipyo,o S| S
...3[ ! . Cf f ‘C‘psfo':0'f psn

&
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620}, = e, I | 232 == o 2 ZSZ = 3 512
a—m= K I)PSIO':UIE— (r;_i)asa'f?_ 271 ps 05 Of v

829" Sz ) 2 (F.l - I) {7 = l) Ff 5/2

e = ., e V
Tl o o, . o P!

Noting eq. (1.19), this implies

%0, _ S* (Frpy o507 — (F; — i)af)
woo v

The second-order condition (8°6,/aN?) < 0 implies

b {Fe=1)
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Solution 3
Substituting the first-order conditions of solution 3 into eq. (1.11):
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N = <0 (1.21)

This implies
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Substituting N = 0 into eq. (1.13), this implies
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Substituting 7y/oy in place of py (F, — i)/o and noting the implication of eq. (1.22)
the second-order condition 88, /dN* < 0, this implies
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Summing up the solutions and their first- and second-order conditions:
Solution 1:

N

_|@ = dpgoi0 = Fyo7| C
fpg ooy — (f — i)o'f .
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The first-order conditions are
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The second-order condition is
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Solution 2:
N=0
The first-order condition is
(=10 _r
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The second-order condition is
7 . =)
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Solution 3:
N=0

The first-order condition is
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The second-order condition is
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Appendix 2

The derivation of the effect of an increase in margin requirements M upon the opti-
mal demand for futures contracts by the hedger N* are detailed below.
From eq. (5), the optimal number of futures contracts demanded N* is given by

o B Do = et € @1
Froy = (Fa= Loz | 'S
Since the margin requirements affect the expected effective return from the fu-
tures position 7y
aN* aN* or;

oM 7 M
_ —o? _@_DW'5£ML£(_&)
[Froy = (7 = Dof]  [Froy — (F — DofF SP

§

Implicit in the above derivation is the assumption that the futures price does not
respond to the change in margin requirement. The basis for this is the Schwert
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(1989) results that subsequent stock market returns and volatility do not respond to
changes in margin requirements, and the Hartzmark (1986) result that price volatil-
ity in different futures contracts are not significantly affected by changes in margin
requirements.

aN* _ [aliyoy — o7 = D)o} + (7, — i) (o)’ — iTyoy| CCm
M [Froy — (7 — Dof T sP
IN* _ aiaf(r, — i) (g — 1) C Cm

M~ [Foy— (7, — i)af} §* P

(2.2)

As long as the expected effective return from the spot position 7; is greater than the
risk free rate i and |p,], the absolute value of the correlation between the effective
return on the spot and futures position is < 1; dN*/aM is always negative.
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