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The Savings-Investment Process and Futures Markets 

The simultaneous occurrence of rapid growth of trading in financial 
futures and increased volatility in security prices and interest rates 
caused concern for Congress and the Federal Reserve System. The 
government had had experience with the economic role of traditional 
commodity futures and had learned to understand it. The new and 
rapidly growing financial futures seemed to be different, however. 
Traditional commodity futures markets had been studied by academic 
economists for many years; and there were many studies of their 
economic effects.1 Financial and stock index futures had not been 
analyzed theoretically by economists, so that there was no model by 
which their effects upon the economy could be analyzed. This lacuna 
induced Congress to request the Board of Governors of the Federal 
Reserve System, the Commodity Futures Trading Commission (CFTC), 
and the Securities and Exchange Commission (SEC) to study "the 
effects, if any, that trading in . . . [futures] has on the formation of 
real capital in the economy (particularly that of a long-term nature) 
and the structure of liquidity in the credit market; . . . the economic 
purposes, if any, served by the trading of such instruments."2 This 
chapter addresses these questions. 
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CAPITAL FORMATION 

TABLE 3-1 

SUPPLY OF AND DEMAND FOR SECURITIES (RISKY ASSETS), DURING A 

SPECIFIC TIME INTERVAL 

Supply of Securities Demand for Securities 

1. planned investment by firms 3. savings less the change in the demand 
2. government budget deficit for money 

4. change in the supply of money 
5. dealers' investment in inventories of 

securities 

The Framework of Analysis. The effects of futures markets upon the 
rate of capital formation can be viewed within the context of the 
supply of and demand for risky assets (or demand for and supply 
of loanable funds) during any specified period of time, as shown in 
table 3 - 1 . The major users of the new futures markets are subsumed 
under items 1, 3, and 5. The level of security prices or rate of interest 
adjusts to equate the two sides of the table. The resulting cost of 
capital or rate of interest determines the rate of capital formation. 

Item 1 is the rate of planned investment, or sale of risky assets 
by firms, during a time interval. This rate is positively related to the 
level of security prices relative to the cost of production of new capital 
goods. Later I explain how the use of futures markets by the Federal 
National Mortgage Association (FNMA) reduces the risk premium 
that it charges to mortgage bankers and savings and loan associa
tions. As a result of the lower risk-premium, mortgage interest rates 
come down, and planned investment in housing increases. 

Item 2 is the supply of risky assets generated by the government 
budget deficit. Futures markets have no direct effect upon this item. 
The sum of items 1 and 2 constitutes the supply of risky assets by 
firms and the government, which is a demand for loanable funds. 

Item 3 is savings less the change in the demand for money. This 
item constitutes the savings directed toward risky assets during a 
time interval. A large part of the public's savings is managed by 
institutional investors: pension funds and insurance companies, which 
are subsumed under this category. In a later section I show how the 
use of futures markets by institutional investors improves the trade
off between expected return and risk on their investment. This 
improvement leads to an increase in the flow of savings directed 
toward risky assets. If no futures markets in Treasury securities and 
stock market indexes existed, the expected return for a given level 
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of risk available to institutional investors would be lower. A greater 
proportion of current savings would then be directed toward holding 
money or near money. The lower flow demand for securities would 
tend to raise interest rates (that is, lower the level of security prices), 
which would adversely affect the rate of capital formation. 

Item 4 is the change in the supply of money, which corresponds 
to a demand for risky assets by banks or the Federal Reserve System. 
Futures markets have no significant effect upon Federal Reserve 
behavior. 

In the standard macroeconomic literature, the interest rate (or 
cost of capital) adjusts to equate the sum of items 1 and 2, the supply 
of risky assets, with that of items 3 and 4, the demand for risky 
assets. On average over a period of a year that view is correct. Over 
shorter periods of time, item 5 must also be considered. 

If there were no securities dealers, then intramonth or intrayear 
variations in the government budget deficit or planned investment 
by firms would have to be absorbed by savings less the change in 
the demand for money. The latter is not highly responsive to changes 
in the nominal rate of interest. Therefore, intramonth variations in 
the supplies of risky assets (item 1 plus item 2) would be associated 
with large variations in the levels of securities prices. Such a phenom
enon would increase the risks of holding equities and fixed income 
securities and would decrease the savings directed toward risky assets 
(item 3). In this manner, an increase in the variability of interest 
rates would raise the average level of interest rates, and capital 
formation would be reduced. 

Dealers in fixed income securities in both the primary and 
secondary market, and in equities only in the secondary market, are 
major users of futures markets. The economic function of dealers is 
to provide an inventory investment in securities. Short-period vari
ations in the excess supply of securities (item 1 plus item 2 less the 
sum of items 3 and 4) lead to price variations. As the price declines 
below the present value of the price expected to prevail later, dealers 
purchase the securities for temporary inventory. Conversely, as the 
price rises above the present value of the expected price, dealers sell 
the securities from temporary inventory. In this manner, dealers 
mitigate the magnitude of the price fluctuations. Insofar as their 
anticipations are correct, they are able to dispose of their inventories 
at higher prices or replenish them at lower prices. The greater the 
elasticity of demand by dealers for investment in inventories of secu
rities, the smaller will be the price (interest rate) variation associated 
with short-period variations in items 1, 2, 3, and 4. Since the level 
of interest rates that balances the supply of and demand for securities 
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is positively related to the risks involved in holding securities, the 
existence of dealers tends to stimulate the rate of capital formation. 

Two components of risk are involved in the dealers' purchases 
or sales of securities for inventory investment or disinvestment. One 
part is the market risk resulting from changes in the market index. 
For fixed income securities, it is the height of the yield curve on 
treasuries. For equities, it is the Standard & Poor's (S&P) 500 index. 
The second part is the portfolio specific risk, which concerns the 
prices of the particular securities purchased or sold relative to the 
level of the index. 

Later I explain how dealers use futures markets to diversify away 
the market risks. As a result, they have more elastic demands for 
inventory. Variations in items 1, 2, 3, and 4 produce smaller varia
tions in the levels of security prices. The riskiness of investment in 
securities is thereby reduced. Alternatively, the use of futures markets 
allows dealers to diversify away a large part of the risk associated 
with inventory management. This diversification leads to a reduction 
in the risk premium they must charge their customers via commis
sions and spreads. The net effect of the dealers' use of futures markets 
is to lower both the variance of interest rates and the cost of capital 
to firms. In this manner, futures markets are conducive to a higher 
rate of capital formation. 

Planned Investment in Housing. The housing industry, through FNMA 
and the Government National Mortgage Association (GNMA), is a 
major user of futures markets; and investment in residential construc
tion is a major part of net fixed investment. The builder finances 
investment in housing by selling mortgages to mortgage bankers or 
to savings and loan associations. In turn, the banks offer both new 
and old mortgages to FNMA and other investors. FNMA constitutes 
half of the secondary market in mortgages. If FNMA is the successful 
bidder, it will hold the mortgages as investments in its portfolio. 
FNMA finances its purchases of the mortgages by selling its own 
securities in the capital market where they are purchased by insti
tutional investors. 

Several elements of risk confront FNMA. At any given time, 
FNMA is asked to bid for large batches of mortgages offered by the 
mortgage banks and savings and loan institutions for forward deliv
ery. Because of the legal documentation required to transfer the 
mortgages, several months must pass before the mortgages can be 
delivered. As a rule, FNMA is permitted to enter the capital market 
to sell its debentures only once a month, on a date given to it by 
the Treasury. The rationale for this provision is that the Treasury 
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does not want FNMA to compete with its own borrowings or those 
of the other government agencies. FNMA borrowings from the capi
tal market range between $1 billion and $1.5 billion per month. When 
FNMA is asked to bid on mortgages for forward delivery, it does 
not know at what date it will be able to enter the capital market to 
borrow nor at what price (interest rate) it will be able to sell its 
debentures. Since 1979, interest rates have undergone very large intra
year fluctuations. The uncertain date is denoted by 6, and the price 
of FNMA debentures at that date by P* (0). The asterisk denotes a 
stochastic variable. 

Profits for FNMA depend upon two elements: (1) the spread 
between the sales price of FNMA debentures in the capital market, 
P*(0), and the forward bid price for mortgages denoted by p(t) and 
(2) the fees, gp(t), that FNMA receives from the sellers of the mort
gages, which are lOOg percent of the forward bid price. Thus the 
profit margin is P*(0) - (1 -g) p(t) per dollar of face value of mort
gages. 

If FNMA bids too high a price, p(t), for the forward purchases 
of mortgages, it faces the risk that the unknown sales price, P*(0), 
of its own debentures at unknown subsequent date, 0, will be below 
its forward bid price. Large losses would result. If FNMA bids too 
low a forward price for mortgages, it will be unsuccessful in obtaining 
the mortgages. The risk is reflected in the variance of the price, P*(0), 
of its debentures. 

In the absence of any facilities for hedging, FNMA establishes 
its forward price bid in the following manner. It estimates the average 
price it will receive for its debentures at the uncertain date at which 
it will be able to enter the capital market. This expected price is called 
the expected marginal revenue. FNMA also estimates its marginal 
cost of purchasing the mortgages. Since FNMA is half of the second
ary market, its purchases of mortgages affect the market price. Its 
marginal cost exceeds its average cost. If there were no risk or risk 
aversion, the forward price bid would be such that it would equate 
expected marginal revenue with marginal cost. Insofar as there is 
risk and risk aversion, FNMA adds a risk premium to its marginal 
cost; and it equates the expected marginal revenue to the sum of the 
marginal cost and the risk premium. The risk premium depends 
upon the variance of the price of a FNMA debenture and its coef
ficient of risk aversion. 

There is a variable differential between the price of FNMA deben
tures and those of comparable Treasury securities. Hence the vari
ance of the price of a FNMA debenture is the sum of the variance 
of the price of a Treasury security plus the variance of the price 
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FIGURE 3-1 
THE USE OF TREASURY-BOND FUTURES BY THE FNMA TO DIVERSIFY 
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differential between them. The covariation between the price of a 
Treasury security and the differential can be ignored. The pricing 
formula for FNMA is the following: 

expected marginal revenue = marginal cost plus a premium, 
which depends upon the sum of the variance of the price 
of Treasury securities and the variance of the price differ
ential between Treasury and FNMA securities 

By using the futures market in Treasury securities, FNMA can 
diversify away the risk of variations in the price of Treasury secu
rities. It does so in the following way, which is schematized in figure 
3 - 1 . 

At time t, when FNMA is asked to bid forward for s(r) dollars 
of face value of mortgages offered by banks, FNMA can hedge its 
borrowing costs by selling quantity x(t) of Treasury bonds in the 
futures market. The price of these futures at time t is fT(t), where T 
is the maturity date of the contract. The futures price is closely related 
to the expected value of the Treasury bonds at subsequent time T. 
The expected price of FNMA bonds is equal to the price of Treasury 
bonds less the average differential m between the price of a Treasury 
security and that of a comparable FNMA security. FNMA can deter
mine its bid for mortgages in the forward market by assuming as a 
first approximation that it will sell it own debentures at the current 
price of Treasury futures fT(t) less m the average price differential. 
The main difference made by the use of futures markets lies in the 
risk premium between the expected marginal revenue and marginal 
cost. 

When FNMA is allowed to enter the capital market to borrow 
at time 0, it repurchases the Treasury futures that it sold earlier. By 
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using the futures market, FNMA incurs two risks instead of just one. 
The first concerns the price P*(0) of its own debentures, and the 
second concerns the price />(0) at which it will repurchase it sales 
of futures. Risk management is based upon the positive correlation 
between these two risks. 

A close relation in figure 3-1 (link C) exists between the cash 
price, 1(0), and the futures price, fT(Q), of Treasury bonds, which 
results from the following arbitrage relation. One can have a Treasury 
bond at time T in two ways. One may either purchase a Treasury 
bond at earlier time 0 or purchase at time 0 a futures contract for 
Treasury bonds that matures at time T. The cost of the former is the 
current price 1(0) of a Treasury bond plus the short-term financing 
costs less the interest received on the bonds. The net financing cost, 
which is the difference between the two interest rates, can be posi
tive, zero, or negative depending upon the shape of the yield curve. 
The cost of acquiring the bonds through the futures market is the 
futures price /T(0). Arbitrage will ensure that the percentage price 
differential between the futures and cash prices of Treasury bonds 
is equal to the net financing costs. It follows that the variation in the 
futures price is equal to the variation in the cash price (link C) plus 
the variation of the net carrying cost (link D). 

By taking a short position in the futures market for Treasury 
bonds at the time that it takes a long position in the forward market 
for mortgages, FNMA can diversify away as much of the risk of 
variation in Treasury-bond prices as it wishes. Links B and C portray 
this diversification. If the level of Treasury bond prices falls at time 
0 when FNMA is permitted to enter the capital market, both the 
prices of FNMA debentures and futures prices on Treasury securities 
will have declined. FNMA will be selling its debentures at unfavor
able prices but will be repurchasing Treasury futures at favorable 
prices. The gains on one transaction will tend to offset the losses on 
the other. 

The offset does not eliminate risk completely because there is 
not a one-to-one relation between changes in the prices of FNMA 
debentures and those of Treasury-bond futures. Risks A and D remain. 
The first risk, A, is that the price of FNMA bonds varies relative to 
that of a Treasury bond. The second risk, D, is that the price of a 
Treasury-bond future varies relative to that of a cash Treasury bond. 
The major risk, which arises from changes in the height of the yield 
curve on Treasury bonds (variance of I[0]), can be diversified away, 
however. By using futures markets, FNMA substitutes the moderate 
risk of variations in the net carrying cost (link D) for the substantial 
risk of variations in the level of Treasury-bond prices. 
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As a result of the risk reduction, the risk premium that FNMA 
charges the mortgage bankers and savings and loan associations is 
substantially reduced. The price that FNMA bids forward for mort
gages is such that the following relation holds: 

expected marginal revenue = marginal cost plus a risk 
premium, which depends upon the sum of the variance of 
the differential between FNMA and Treasury securities and 
the variance of the net carrying costs 

FNMA can offer banks higher prices in the forward market, 
because its risk premium has been substantially reduced. Competi
tion among banks will lead to a passing on of the reduction in interest 
rates on mortgages from the banks to the builders. The decline in 
mortgage interest rates raises the rate of planned investment (table 
3 - 1 , item 1). In this manner, the use of futures markets by FNMA 
tends to raise the rate of capital formation. 

Savings in Risky Assets. The savings that the public plans to invest 
in risky assets (table 3 - 1 , item 3) interact with the desired rate of 
investment by firms (item 1) to determine the rate of capital forma
tion. A large part of the savings of the public is managed by insti
tutional investors, such as pension funds and insurance companies. 
The use of futures markets by institutional investors has enabled 
them to increase the expected return on risky assets for a given 
degree of risk. Since the fraction of savings directed toward risky 
assets, rather than to money or near money, depends upon the trade
off between expected return and risk, the use of futures markets by 
the institutional investors tends to raise the rate of capital formation. 

Institutional investors use the futures markets in two ways to 
manage risk. They can dichotomize their composition of risky assets 
from the total risk undertaken, without selling or purchasing the 
underlying securities. Such dichotomy is achieved at very low trans
actions costs and without affecting the prices of the underlying secu
rities. 

Each fund manager has a subjective concept of expected return 
and risk that can be achieved with different portfolios of securities 
and, on this basis, chooses what is believed to be the optimum 
portfolio. Suppose that the fund manager is apprehensive that secu
rity prices will decline during the next month or quarter or believes 
that the market will be more uncertain during the next quarter. The 
manager would like to shift temporarily away from risky assets toward 
safe assets. The standard method to reduce risk is to sell part of the 
portfolio of risky assets and invest in safe assets such as Treasury 
bills. This approach has several deficiencies. The fund manager has 
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carefully developed a long-term investment strategy, for example, 
having selected undervalued securities of new firms that are devel
oping sophisticated technologies but that will have no positive earn
ings for a while. The fund manager may balance these equities with 
those of more established firms, to achieve an optimal mix of risky 
assets. If these undervalued securities had to be sold to reduce the 
portfolio risk during a quarter, the manager would then be reassem
bling the same portfolio when ready to reassume the original level 
of risk. 

Considerable transactions costs are involved in these short-term 
adjustments of total risk. Direct commissions and spreads are involved 
in the purchases and sales of the securities. The more frequent the 
attempt to vary risk, the greater these transactions costs will be; and 
the rate of return on the portfolio will be adversely affected. In 
addition, the institutional investors have market power. They operate 
on a large scale in relation to the normal volume of trading in these 
securities. Moreover, the "undervalued" securities of the firms engaged 
in innovative processes will be thin because they are not well known. 
An attempt to sell securities to reduce risk quickly will cause their 
prices to fall and will produce capital losses for the fund. The market 
may even interpret such transactions as signals that the fund has 
new information about the value of the shares; and the market prices 
would then be more adversely affected. 

By using the futures markets in stock market indexes, or Treas
ury futures in the case of a bond portfolio, the problems of high 
transactions costs and of power to affect the market price can be 
reduced considerably. When the fund manager wants to reduce the 
total risk on the equity portfolio quickly but temporarily, futures 
contracts on the S&P 500 index can be sold. In effect, the manager 
is selling the entire S&P 500 index at very low transactions costs, 
and these sales will hardly affect the price of the futures contract. 
No negative signals will be conveyed to the market concerning the 
quality of the portfolio. Transactions costs using futures are from 15 
to 20 percent of those in the underlying securities. Funds can dichot
omize their long-term investment strategy from the short-term vari
ations in total risk. The former is achieved through specific securities 
selection. The latter is achieved through purchases or sales of futures 
contracts in either the S&P 500 index or in Treasury securities. The 
net effect is to obtain a higher expected return for a given degree of 
risk. 

The second way that institutional investors use futures markets 
is to take advantage of expected rises in the level of security prices, 
in anticipation of cash inflows from the savers. Suppose that the 
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fund manager expects the index of security prices to rise within the 
month, but the savings generated by the pension contributions will 
be received by the fund only at the end of the month. 

If there were no futures market, the fund manager would have 
to borrow the funds to invest and then would have to select the 
securities to purchase. Borrowing is costly, and security selection is 
a time-consuming and difficult process. What securities should the 
fund manager select if he or she thinks that the overall market index 
will rise? If the fund manager purchased the individual S&P 500 
securities quickly, their prices would be driven up. 

Futures markets facilitate the ability of a fund manager to take 
advantage of an anticipated rise in the stock or bond market by 
simply purchasing futures contracts on the index (or on Treasury 
securities). There are no finance costs, since the manager has not 
borrowed to purchase the futures. No funds need be transferred 
before the maturity of the contract, at which time the pension contri
butions will have been received. Transactions costs are quite low for 
futures compared with those in the underlying securities. Finally, 
the manager does not have to decide which securities to purchase 
in anticipation of a rise in the index. The futures contract is on the 
index itself. The fund is, in effect, purchasing the stock market index 
without exerting any significant effect upon the prices of the under
lying securities. 

Through the uses of futures described above, institutional inves
tors can raise the expected return on the portfolio for a given degree 
of risk. Insofar as the rate of savings directed toward risky assets 
depends upon the trade-off between expected return and risk (table 
3 - 1 , item 3), futures markets stimulate capital formation. 

Dealers and Price Fluctuations. On the average, over the course of 
a year, the price of risky assets (that is, the rate of interest) equates 
the net supply of securities (item 1 plus item 2 in table 3-1) to the 
net demand (item 3 plus item 4). These four items vary considerably 
over short periods of time. If there were no dealers, then intrayear 
variations in these items would change the rate of interest until 
balance were achieved. Consequently, the intrayear variations in the 
market rates of interest would reflect the intrayear fluctuations in 
the supplies of or demands for risky assets. I argued above that the 
risk of security price fluctuations adversely affects planned invest
ment. FNMA adds a risk premium, for example, which depends 
upon the price variance to its marginal cost in determining the price 
it will bid for mortgages. Similarly, the risk of price fluctuations 
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reduces savings in risky assets. The net effect is that the variance of 
security prices is negatively related to capital formation. 

The economic function of dealers is to provide a cushion between 
the supply of and demand for risky securities. Variations in items 
1, 2, 3, and 4 lead to changes in the inventories of dealers. In turn, 
inventory investment or disinvestment by dealers partially offsets 
those variations and thereby diminishes the variance of interest rates. 
As a result of the reduced variance of security prices, the rate of 
capital formation is increased. 

Dealers make markets in fixed income securities and equities in 
both the primary and secondary markets. They purchase securities 
for temporary inventory investment, or sell them for temporary 
inventory disinvestment, and hope to profit from the difference 
between their selling and buying prices, plus their commissions and 
spreads. They face two types of risk. The first concerns the level of 
relative prices of the securities purchased or sold compared with the 
market index. This risk involves purchasing undervalued or selling 
overvalued securities, relative to the market index itself. The dealer's 
vaunted expertise is in security selection, that is, in deciding which 
securities are overvalued or undervalued relative to the general level 
of prices. The second risk concerns the level of the market index 
itself. 

Since 1979 the risks of doing business have increased for several 
reasons. First, the change in the Federal Reserve's operating proce
dure has permitted greater short-run variations in interest rates. 
Second, the magnitude of variations in items 1 through 4 has increased 
because of the growth in the government deficit and the growing 
importance of institutional investors. Third, the SEC rule concerning 
the registration process of new securities has changed. Formerly each 
new issue had to be registered with the SEC, and the process of 
obtaining approval was lengthy. This long procedure gave the dealer 
time to search for customers and determine their demand curves for 
the particular issues. With that information, the dealers could quote 
a price to the corporate treasurer for the issue. To a large extent, the 
dealer was acting like a broker who had bought and sold forward. 
The dealer had no considerable risks. Matters changed in the primary 
market as a result of SEC ruling 415 which established a shelf-regis
tration process for the corporation. The corporation now registers its 
potential offerings over the year with the SEC in a wholesale manner. 
When the corporate treasurer deems the time propitious, he offers 
the particular issue to the dealer and demands an immediate bid. 
The dealer no longer has the leisure to search the demand curves of 
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potential customers before making a bid. Moreover, the corporate 
treasurers have speculative supply schedules. When security prices 
are rising, the treasurers accelerate the sales of their issues in antic
ipation of subsequent price declines. Similarly, when security prices 
are declining, the treasurers decelerate their sales in anticipation of 
subsequent price rises. Thus the corporate treasurers ask the dealers 
for bids on primary sales of securities at times when the former think 
that security prices will decline. 

Dealers bid a price for the securities that is equal to the present 
value of the expected subsequent sales price plus commissions less 
a risk premium. The risk premium is proportional to the position at 
risk times the variance of the price. Hence, the greater the price 
variance or risk of inventory management, the larger will be the 
reduction in the bid price necessary to induce the dealer to increase 
the temporary investment in inventories of securities. Similarly, the 
larger will be the rise in the dealer's ask price, which is necessary 
to induce the dealer to take a short position or to reduce these 
inventories. 

Since the risks to the dealers increased in recent years, variations 
in the excess supply of risky assets (items 1 through 4 in table 3-1) 
would be absorbed by dealers only if they charged large risk-premi
ums. This would raise the cost of capital to firms. Moreover, the 
large variations in the levels of security prices would inhibit savings 
in risky assets. 

Futures markets in government securities and stock market indexes 
permit dealers to diversify away the market risk associated with 
variations in the general level of security prices, the height of the 
yield curve, or the level of the stock market index. The dealer is then 
left with the risk concerning the relative prices of the securities 
purchased. Dealers specialize in assuming this risk, and they hope 
to profit from their superior ability to determine relative prices besides 
their commissions and spreads. 

The dealer's use of futures markets is formally similar to that 
described above in connection with FNMA; and I shall use that flow 
chart for the exposition. Suppose that there is an excess supply of 
risky assets, and the dealer purchases the securities at price p(t) at 
time t. The dealer hopes to sell these securities at subsequent time 
0 at price P*(0), which will leave him or her with a profit. 

The change in the price of the portfolio of securities (net of 
financing costs) that has been acquired depends upon two elements. 
One is the change in the general level of the index of securities (net 
of financing costs). The variation in the price of the portfolio asso
ciated with the change in the index is the beta of the portfolio. This 
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is link B in the flow chart. The second elment, denoted by 6j in the 
flow chart, concerns the change in the relative price of the portfolio, 
which is not associated with changes in the market index. If the 
portfolio consists of equities, for example, this element will reflect 
abnormally high or low earnings during the quarter. If the portfolio 
consists of bonds, this element will reflect only upgrading or down
grading of the quality of the bonds. These two determinants of the 
change in the price of the portfolio are links A and B in figure 3 - 1 . 

The dealer uses the futures market to diversify away the risk of 
changes in the appropriate market index, denoted by I in the flow 
chart. If s dollars of fixed income securities are purchased for tempo
rary inventory, x dollars are sold in futures contracts on Treasury 
securities. The futures price at time 0 of Treasury securities that 
mature at time T, denoted by /T(0), is linked to the cash price of 
Treasury securities 1(0) by the net cost of carry, link D in the flow 
chart. This arbitrage relation was explained above and is described 
by links C and D in the flow chart. It follows that variations in the 
prices of Treasury securities in the cash market produce variations 
in the prices of Treasury futures. The relation between the changes 
in the two prices is imperfect because of variations in the net financ
ing costs. This second source of variation (link D) denoted by e2(0), 
is called the basis risk. 

If the stock block trader purchased a variety of equities valued 
at s dollars for temporary inventory, x dollars of futures contracts 
would be sold on the S&P 500 index or on a comparable index. The 
change in the average price of the securities acquired temporarily is 
the sum of two parts. The first part is the beta of that portfolio times 
the changes in the index. The second is independent of the index 
and represents temporary undervaluation or overvaluation. 

If there were no basis risk, the dealer could hedge away all of 
the market risk (because of variations in the market index) by selling 
3 dollars of futures for every dollar of securities purchased for tempo
rary inventory. If the index changes by one dollar, the price of the 
portfolio will change by 8 dollars. The dealer has sold 6 dollars of 
futures for each dollar of temporary inventory. Insofar as there is a 
one-to-one relation between changes in the futures price and changes 
in the cash price of treasuries, the gain or loss on the futures will 
offset the loss or gain on the inventory, because of changes in the 
market index. In terms of the flow chart, by hedging ratio B of the 
portfolio with futures, links B and C will cancel each other, if there 
is no basis risk. 

In reality, there is a basis risk because changes in futures prices 
are not perfectly correlated with changes in the cash price (net of 
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carrying costs) of the underlying instruments. By hedging, the dealer 
substitutes a basis risk (link D) for a market risk (link B). The risks 
associated with the two cases are as follows: With no futures there 
is an absolute price risk plus a relative price risk; with futures there 
is a relative price risk plus a basis risk. 

The utility of using futures markets by dealers depends upon 
the importance of the absolute price risk of changes in the market 
index (link B) compared with the relative price risk (link A) on the 
portfolio acquired. Dealers in fixed income securities in both the 
primary and secondary markets use futures in Treasury securities. 
For high-grade fixed income securities, the interest rate differential 
between their yields and those on treasuries has a small variance. 
Practically all of the risk is market risk, concerning the height of the 
Treasury yield curve. This risk can be diversified away, if the dealer 
wishes to do so, by selling Treasury futures. The basis risk acquired 
is small relative to the market risk that has been diversified away. 
Hence the risk premium that the dealer must include in the price is 
considerably reduced. 

Dealers in the primary equity market do not use futures for the 
following reason. On a single equity issue, the relative price risk is 
very large compared with the absolute or market price risk. This 
large risk occurs because the earnings of a single corporation are not 
closely related to the market average. Since the major risk is the 
relative price risk, using futures that involve basis risks does not 

Pay-
Stock block traders in the secondary market do use futures in 

the S&P 500 index because they handle many different equities during 
the course of a day. To a large extent, they are handling a large 
sample of the index. The major risk to them is the absolute price 
risk of changes in the market index. By using futures, they can 
diversify away this risk and just keep the much smaller relative price 
risk on the securities purchased. The cost of so doing is the assump
tion of the smaller basis risk. 

The net effect of the dealer's use of futures is to reduce the risk 
premium to a function of the relative price risk plus the basis risk. 
When an excess supply of risky assets results from variations in 
items 1 through 4, the dealers will be able to offer the sellers a higher 
price for the securities. This situation implies a lower cost of capital 
to the corporation because the dealers can diversify away the consid
erable market risk by using the futures markets. Variations in the 
excess supply of risky assets are now associated with smaller vari
ations in their prices. It was shown above that the cost of capital 
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and the variance of prices of risky assets adversely affect planned 
investment and savings in risky assets. Consequently, the use of 
futures markets by dealers is conducive to capital formation. 

Dealers, Futures Markets, and the Cost of Capital 

Institutional Framework: Dealer Functions and Risks. Dealers in 
government bonds, corporate fixed income securities, and equities 
are financial intermediaries between savers and investors, just as 
grain dealers are intermediaries between producers and consumers. 
Inventory management is the essence of their business because they 
stand ready to sell securities to customers at their ask prices and 
purchase from them at their bid prices. Dealers intend to offset these 
transactions relatively quickly, generally within five minutes, rather 
than acquire a long-term investment portfolio. They are often unable 
to even out their positions quickly without suffering large losses. 
Consequently, they face risks in managing their temporary portfolio 
of inventory. This risk management is the subject of this chapter. 
These professional risk bearers are transactions and customer oriented, 
rather than investment oriented as are institutional investors. 

The investment demand by corporate treasurers to finance a 
dollar of capital formation (see the flow chart, figure 3-2) depends 
positively upon the price they receive for newly issued securities less 
the dealer's commissions and spreads. This is called the q ratio. The 
net price that dealers bid, or the quantity of securities demanded at 
a given price, depends negatively upon the riskiness of inventory 
management and the degree of competition among dealers. In turn, 
the degree of competition depends to a large extent upon the riskiness 
of inventory management. For these reasons, the ability of dealers 
to manage risk profoundly affects the q ratio and thereby the investment 
demand by firms. 

Securities dealers have separate divisions for government and 
corporate fixed income securities, equity underwriting, and stock 
block trading. These divisions operate independently of each other. 
The profit equations and optimization calculus for all divisions or 
types of dealer are similar, although the institutional details and 
quantitative values of parameters are different. In this section I explain 
how futures markets in Treasury securities and stock market indexes 
enable dealers to (1) manage risk more effectively, (2) reduce the cost 
of capital to firms and raise their q ratios, and (3) provide more 
"depth, breadth, and resilience" to the underlying securities markets 
and thereby reduce the price variance of securities. The longer-run 

129 

© 1985 by the American Enterprise Institute for Public Policy Research, Washington, D.C. All rights reserved. 



FIGURE 3 - 2 

F L O W C H A R T OF SAVINGS-INVESTMENT PROCESS 
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net effect is to raise the investment demand schedules of firms and 
the supply of savings directed to risky assets. 

First I show how the risks of doing business have increased 
substantially since 1979 and have forced firms to use futures markets 
to manage risk. Second I explain how the optimal use of futures by 
dealers changes their demand curves for temporary inventory. The 
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latter consists of securities purchased but not as yet sold to customers. 
I assume that a particular dealer takes the market price as a parameter 
and determines the quantity demanded or supplied. Interactions 
between dealers and customers then determine the market price, 
which reflects the q ratio for corporations. 

The profit equation. The profit equation of dealers is the focal point 
of the analysis. Let p(t) be the price and s(t) be the portfolio of 
securities purchased ( + ) or sold ( - ) at time t. The dealer will sell 
this portfolio at price p(t + 1) or, if he does not sell it, the price of 
his unsold inventory will be p(t + 1) at time f + 1. The financing 
costs of the inventory are at rate r(t), which is either the Treasury-
bill or the broker loan rate from time t to t + 1 . 

The dealer has several additional sources of revenue. Commis
sions and bid-ask spreads contribute to his profits, and he may 
receive interest and dividends on the portfolio. These two sources 
of revenue less total operating costs can be subsumed under the term 
V[s(t)]. 

Profits from these transactions derive from the change in price 
less financing costs {p(t + 1) - p(t)[l + r(t)]} s(t) plus interest and 
dividends plus revenues from commissions less total operating costs 
V[s(t)]. 

When the dealer does not (N) use the futures market, profits TTN 

can be expressed as equation 1. 

irN(f + 1) = {p(t + 1) - p(f)[l + r(t)]} s(r) + V[s(f)] (1) 

Financing costs r(f) depend to some extent upon the capital of the 
firm and the riskiness of its position. 

Portfolio s(f) consists of a vector of securities purchased or sold 
during the time period. The dealer is in business to accommodate 
customers by standing ready to acquire securities or to sell securities 
from inventory. During the course of a day, customers offer the 
dealers a diversity of securities. Not only are the acquired securities 
heterogeneous, but at times in the secondary market the selection 
tends to be negative. Customers may offer the stock block trader 
securities that they do not expect to appreciate in price. Since these 
customers are professional institutional investors or money managers 
who operate in large volume, these transactions may reflect new 
information about the securities not yet available to the stock block 
trader. 

Dealers operate with very high leverage. A ratio of position at 
risk to capital of fifty is not uncommon for nonbank dealers.3 Since 
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1979 several elements of risk, which have substantially altered the 
ways dealers operate, have emerged. They stem from regulatory 
changes, greater interest rate volatility, and an increase in the size 
of transactions. 

Formerly a corporate treasurer would discuss with a dealer the 
prospects of issuing new corporate fixed income securities. A price 
"talkout" would ensue, whereby the dealer would conduct a roll call 
of institutional investors to get an indication of interest in purchasing 
the issue. After the relatively slow process of consulting with the 
distribution network of institutional investors, the dealer could quote 
a price, p(t), that would be negatively related to the cost of capital 
to the corporate treasurer. A firm price could be given to the corpo
rate treasurer, and a fixed offering price to the public could be estab
lished in a bona fide offering. The dealer would expect to profit from 
the commissions or spread V[s(f)] in excess of any financing costs. 
The dealer had very little price risk because the price talkout estab
lished the price and quantity that the institutional investors were 
willing to accept. In effect, the dealer bought the issue forward from 
the corporate treasurer and sold a large part of it forward to insti
tutional investors. 

Large dealers had advantages in this set of arrangements because 
they have a considerable and widespread clientele distributed over 
the country and know what their clients' preferences for securities 
are. When the corporate treasurer discussed a new issue with the 
dealer, the latter would call the potential customers to determine the 
quantities demanded at various possible prices. In this manner the 
large dealer would sample the demand curve before he made a bid 
for the new corporate issue. Small dealers do not have this wide 
distribution network and have much less information about the state 
of demand. 

Recent regulatory changes have fundamentally altered this proc
ess. SEC rule 415, introduced in March 1982, created a shelf regis
tration process for new issues. Under this rule, large corporations 
can register the full amount of debt or equity they reasonably expect 
to sell over a two-year period. After the initial registration, firms can 
sell securities in variable amounts without further delay whenever 
conditions seem favorable. This technique is attractive to corporate 
treasurers. It offers the corporate treasurer flexibility to react quickly 
to market conditions; and it reduces the costs of issuing securities 
by saving legal, accounting, and printing expenses. 

At the same time, the shelf registration rule increases the risks 
to the dealers. Corporate treasurers could act quickly without circu-
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lating a prospectus for a particular issue. Instead of the slow talkout 
process whereby the dealer had the luxury and leisure of putting 
together a book of the customers for the issues, the corporate treas
urers can now bring the issues off the shelf quickly. The dealer is 
asked for an immediate firm bid, p(t), for a particular issue. Some 
dealers have exclusive relations with particular corporations and are 
expected to offer the corporate treasurers the best price in the market. 
In other cases, if no special relation exists, the dealers bid for the 
issues at auctions. 

Corporate treasurers tend to bring more issues off the shelf when 
interest rates on long-term government bonds decline, that is, the 
prices of government bonds rise. In table 3-2, column 1 contains 
the new corporate debt issued, Y(f), and column 3 contains the 
interest rate, i(t), on ten-year Treasury bonds, by month during 
during 1982 and 1983. Column 2 is the index of the new corporate 
debt issued in the month, relative to its average over the period, 
denoted by IY(t). 

The data can be viewed in several ways. The mean monthly 
change in the interest rate was -0 .15 percent per year. One can 
group the data into months when the change in interest rates was 
greater than the mean and months when it was less than the mean 
and compare the value of the index IY(t) of new corporate issues in 
the two periods: 

Periods of 
Interest Rate Change 

Index of new corporate 
issues IY(t) Above mean Below mean 

Mean 81.90 125.66 
Standard deviation 35.99 39.83 

The mean value of the index was significantly greater (125.66 -
81.90 = 43.76) in periods when the interest rate changed by less 
than the mean ( -0 .15 percent per year) for the period. The pairwise 
f-statistic, t = 3.79, is significantly greater than zero at the 1 percent 

level. 
A significant negative relation exists between the index of the 

value of new corporate debt issued during the month, IY(t), and the 
change in the interest rate on ten-year Treasury bonds from the 
previous month, z'(f) - i(t - 1). When long-term government bond 
interest rates decline from month t - 1 to month t, the value of new 
corporate debt brought off the shelf in month t is relatively high. A 
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regression equation of column 2 on column 4 of table 3-2 is another 
way to summarize the phenomenon that occurs when issues are 
taken off the shelf. Such an equation shows the speculative supply 
of securities offered by corporate treasurers during a time interval. 

IY(t) = 93.6 - 69.15 [i(t) - i(t - 1)]; R2 = 0.67; n = 20 

t = -5 .99 

Two-thirds of the variation in the volume of new corporate debt 
issued in a given month relative to its mean for the period is accounted 
for by changes in the long-term Treasury-bond yield from the previous 
month. The regression coefficient is significantly different from zero 
at the 1 percent level. The causation proceeds from changes in the 
long-term government bond yield to the corporate debt issues taken 
off the shelf. 

When government bond prices rise—that is, i(t) — i(t — 1) is 
negative—corporate treasurers quickly bring debt issues off the shelf. 
They want to take advantage of the temporary rise in bond prices. 
Dealers are asked to quote prices for the issue immediately. There 
is no time to have a price talkout; and no book can be put together 
before bidding on an issue. Gone is the heyday of forward markets 
in the issuing of corporate fixed income securities. 

Dealers in the primary market face two asymmetrical risks. First, 
corporate treasurers offer their debt as a result of the current rise in 
bond prices. If the treasurers thought that bond prices would rise 
further, they would wait longer before taking the issue off the shelf. 
Thus, when they offer their debt to the dealers, the corporate treas
urers, all other things being equal, think that prices are more likely 
to decline than to rise. 

Second, dealers fix an offering price to the public in a bona fide 
offering. This is a ceiling price. On one hand, dealers cannot raise 
the price to the public, even if bond prices in the market rise. On 
the other hand, if bond prices should fall and dealers are unable to 
market the issue, the offering price to the public is reduced. Dealers 
thus face a downside price risk but cannot benefit from a rise in the 
market price. 

Another element of risk in both the primary and secondary 
markets is that interest rate volatility has increased, particularly since 
October 1979. Before that date, the Federal Reserve tended to stabilize 
the federal funds rate and, indirectly, short-term market rates of 
interest. As a consequence, the Federal Reserve was unable to control 
the growth of monetary aggregates. In October 1979 the Federal 
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TABLE 3-2 
NEW ISSUE OF CORPORATE DEBT, LONG-TERM GOVERNMENT BOND 

INTEREST RATE, AND MARKETABLE TREASURY BONDS, 

JANUARY 1982-SEPTEMBER 1983 

Month 

1982 
January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 

1983 
January 
February 
March 
April 
May 
June 
July 
August 
September 

Mean 

New Corporate 
Debt Issue 

Y(t) 
(millions of $) 

992 
1,722 
5,583 
2,266 
5,429 
1,932 
3,937 
7,155 
5,597 
7,287 
5,005 
3,500 

3,482 
3,582 
4,886 
5,636 
5,836 
3,000 
1,640 
2,208 
4,157 

Index 
IY(t) 

24.6 
42.6 

138.2 
56.1 

134.4 
47.8 
97.5 

177.1 
138.6 
180.4 
123.9 
86.6 

86.2 
88.7 

121.0 
139.5 
144.5 
74.3 
40.6 
54.7 

102.9 
4,039.6=100 

Interest Rate, Ten-
Year Government 

Bonds i(t) 
(% per annum) 

14.59 
14.43 
13.86 
13.87 
13.62 
14.30 
13.95 
13.06 
12.34 
10.91 
10.55 
10.54 

10.46 
10.72 
10.51 
10.40 
10.38 
10.85 
11.38 
11.85 
11.65 

Change in 
Interest Rate 
i(t)-i(t-l) 

— 
-0.16 
-0 .57 

0.01 
-0 .25 

0.68 
-0 .35 
-0.89 
-0 .72 
-1 .43 
-0 .36 
-0 .01 

-0 .08 
0.26 

-0 .21 
-0 .11 
-0 .02 

0.47 
0.53 
0.47 

-0 .20 
-0 .15 

SOURCES: Goldman-Sachs and Co. for column 1. Economic Report of the President, 
1984, for column 3. Column 2 is the ratio of the item in column 1 to its mean, times 
one hundred. 

Reserve adopted a new operating procedure whereby the federal 
funds rate was allowed to fluctuate within wider limits and began 
to focus the conduct of monetary policy upon the growth of monetary 
aggregates. This new policy implied that short-term interest rates 
would be more volatile as a result of changes in the banks' demands 
for total reserves. The mean and standard deviation of monthly three-
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month Treasury bills in the pre- and post-1979 period reflect the 
greater volatility: 

1976 
1977 
1978 
1980 
1981 
1982 
1983 

Mean 
(percent per annum) 

5.000 
5.270 
7.220 

11.613 
14.077 
10.724 
8.621 

Standard Deviation 
(percent per annum) 

0.280 
0.640 
1.000 
2.876 
1.600 
2.292 
0.478 

The increased yield or price volatility in interest rates on treas
uries created more difficulty for both dealers and their customers in 
knowing what the price of the securities during the next period 
would be. Dealers are especially at risk as a result of the asymmetry 
of pricing of new issues. 

The price risks were serious because the size of the typical trans
action has increased for all dealers: stock block traders, corporate 
fixed income traders, and government bond dealers. Before 1976, $1 
million was considered a large bond transaction in the secondary 
market. By 1983 dealers were thinking in terms of $10 million. A 
major reason for the increase in the size of dealers' transactions is 
that money management is now institutionalized. Because of the 
1974 federal pension fund reform law and the higher inflation, pension 
fund assets have more than tripled since 1971. It is estimated that 
in 1984 approximately $1,500 billion was managed by professional 
money market managers, two-thirds of which was pension money. 
There is keen competition among money managers who are trying 
to outperform the market. They are much more oriented toward 
trading than their predecessors, who invested their money in the 
large corporations and had long investment horizons. As a result, 
purchases and sales are more volatile and are substantially larger. 

The scale of the operations of government bond dealers increased 
as a result of the growth in the size and variability of the deficit in 
the national income accounts budget. From 1977:Q1 through 1979:Q4 
the mean quarterly deficit seasonally adjusted at annual rates was 
$30,475 billion. From 1980:Q1 through 1983:Q3, the corresponding 
mean quarterly deficit was $107,927 billion. The public debt held by 
private investors grew at a rate of 14 percent per year from 1976 to 
1983, when the rate of inflation was 7.2 percent per year. Hence the 
real public debt increased substantially during this period. The inven
tories of U.S. securities dealers rose by 15 percent per year from 
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$3,233 billion in 1979 to $9.3 billion in 1982, and their transactions 
increased by 13 percent per year from $13,183 billion in 1979 to $32.27 
billion in 1982. There was a substantial rise in the magnitude of the 
real positions and transactions of government bond dealers. The net 
effect of these three developments was to increase the price risk on 
{p(t + 1) - p(t)[l + r(t)]} s(t) in profit equation 1 above. 

Risk management: Market risk and portfolio specific risk. The portfolio 
of securities, s(t), purchased by dealers during a day consists of 
heterogeneous elements. Dealers in fixed income securities manage 
many issues, stock block traders are constantly offered a broad spec
trum of securities, and government bond dealers transact business 
all along the yield curve of government securities. Each day the 
portfolio s(t) of securities purchased or sold differs. The price risk 
concerns the change in price net of financing costs {p(t + 1) — 
p(f)[l + r(t)]} denoted by Ap on the portfolio of securities purchased 
or sold during the day. At times they may anticipate a large flow of 
sell orders by customers. They must accommodate their customers 
by quoting the best price possible but must avoid building up their 
inventories prior to a price decline. Quite often they make mistakes 
and find that they cannot unwind the position with profit or limited 
losses, that they are holding a risky position in which the risks are 
concentrated on the down side. 

The change in the net price Ap = p{t + 1) - p(f)[l + r(t)] can 
be divided into two independent parts. The first term, 3{/(t + 1) -
I(t)[l + r(t)]}, denoted by (3AL describes how the price of the portfolio 
(net of finance costs) varies with changes in the market index (net 
of finance costs). The market index 7(f) refers to a broad set of secu
rities of which portfolio s(t) is a subset. If s(t) consists of a specific 
portfolio of corporate bonds, then I{t) is the price index of corporate 
and Treasury bonds. If s(f) consists of a specific portfolio of equities, 
then I(t) is the S&P 500 price index. For fixed income securities, the 
yield would be based upon the yield curve of Treasury securities 
times a risk premium. Coefficient (3 describes the current variation 
in the price of the securities relative to the movement in the relevant 
overall market index. The change (3A7 is the market risk that can 
result from changes in monetary and fiscal policy that produce sudden 
and substantial rises in interest rates. 

The second element of the net price change is e^t + 1), the 
portfolio specific risk. It is the change in the relative price of the 
portfolio not associated with changes in the market index. If the 
earnings of a particular firm are significantly lower than usual, for 
example, then e, will be negative; and its price will decline relative 
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to its historical relation to the market index. In the case of fixed 
income securities, the dealer may believe that the current risk premium 
relative to the Treasury securities yield curve is too high and that it 
will decline. This means that the relative price of the bond will rise, 
which is a subjective 6] that is positive. The dealer may not in fact 
be better able to evaluate the relative price risk e : than is the market. 
He hopes that a combination of the relative price change EX plus 
commissions and spreads, V(s), will lead to a profitable transaction. 
The Ej embodies the security specific risk and return. Separating the 
overall price risk (Ap) into its market risk (PAT) and specific risk (EX) 
gives equation 2 and equation 6. 

The dealer quotes a price, p(t), so that the expected profit, VJs(f)] 
+ {Etp(t + 1) - p(t) [1 + r(t)]} s(f) is positive. If the market index 
is not expected to change, E(AT) = 0, the dealer expects to profit 
from (Ee-,)s(t) + V[s(f)], the sum of his ability to purchase under
valued (or sell overvalued) securities plus the commissions or spreads 
V[s(t)]. 

Equation 2, abbreviated as (3) is applied to transactions in fixed 
income securities and equities and in both the primary and secondary 
markets. The sources of variation, the variance of the market index 
(var AT) and the variance of relative price changes (var e-,) differ in 
each case. As a result, the effectiveness of hedging is different in 
each case. 

p (t + 1) - p(t)[l + r(f)] = (3{/(f + 1) - 7(f)[l + r(t)]} + 6 l(r + 1) (2) 

Ap = (BAT + El (3) 

The dealer's profit equation 1 becomes equation 4, using equation 
2, and is abbreviated as (5). 

TrN(f + 1) = {(3[T(f + 1) - I(f)(l + r(t)] + eiV + l)}s(f) + V[s(r)] (4) 

TrN(t + 1) = ((3A7 + El)s(t) + V[s(t)] (5) 

A dealer must carry inventories because they are an essential 
part of his business of servicing customers. At any time there are 
two independent risks on his inventory: the market risk measured 
by the variance of (3AIs(f) and the independent portfolio specific risk 
measured by the variance of Eas(0. The overall risk is equation 6. 

var Ap = p2 var Al + var E1 (6) 

For a high-grade fixed income security in either the primary or 
the secondary market, the market risk (var AT) dominates the relative 
price risk (var EX) because the risk premium relative to Treasury 
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securities is relatively constant. Therefore, the price of a high-grade 
corporate fixed income security varies almost proportionately with 
the price of a comparable Treasury issue. For lower grade corporate 
fixed income securities, the risk premium relative to treasuries is not 
relatively constant but depends upon the likelihood that full debt 
servicing, which varies with the fortunes of the corporation, will be 
made. Hence, var E^var Ap is higher for low-grade than for high-
grade fixed income securities. 

In the equity market, there is a basic difference between the 
situation facing the equity underwriter (primary market) and the 
stock block trader (secondary market). The stock block trader acquires 
a net portfolio, s(t), during the day, which consists of n securities. 
Let there be N securities in the stock index the returns of which are 
Apj, Ap2, . . ., Ap„, . . ., ApN. At any time, t, let the return on the 
index be AT(f), which is the mean of the returns on the N securities. 
The variance of the returns on the N securities is CT2 = E(Ap, - AT)2. 

If the sample of stocks acquired by the stock block trader were 
a random sample of the stocks in the index, then the return on the 

sample (portfolio) of n securities Ap = - 2n
i=i Ap, would be an unbiased 

estimate of the return on the index. 

E(Ap - AT) = 0 (7) 

In this case p in equation 2 is unity and E(EJ) is zero. 
The variance of the return on the portfolio of n securities is just 

the variance of a sample mean around the population mean. 

CT2 (N - n\ 
E(Ap - AT)2 = var e, = - [jT^Tj) (8) 

The closer the composition of the portfolio is to that of the index 
(that is, the closer n is to N), the smaller the variance of the difference 
between the return on the portfolio less the return on the index will 
be. 

A stock block trader acquires a large sample of stocks (large ri) 
during the course of a day. An equity underwriter manages only a 
few issues at a time (small ri). It follows from equation 8 that, if the 
samples were random, the variance of the return on the portfolio 
less the return in the index is much larger for the equity underwriter 
than for the stock block trader. The difference is the portfolio specific 
risk, var E-,. Hence, var e^var Ap is much larger for the equity under
writer than for the stock block trader. 

In general, a correlation of the return on a portfolio, Ap, on the 
return on the index, AT, will yield a coefficient of determination of 
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R2. This is the variance of Ap accounted for by the variance of AT. It 
follows from equation 3 that 

^ = 1 - R2 (9) 
var Ap 

For high-grade corporate fixed income securities, the correlation 
of the bond price with that of the Treasury security index is very 
high. For a stock block trader, the correlation of the value of the 
stocks acquired with the S&P 500 index is high. For an equity under
writer, correlation of the price of the issue handled with the S&P 
500 index is poor. 

Even before the development of futures markets in government 
bonds and stock indexes, dealers were able to hedge the downside 
market risks on their temporary portfolios. Large dealers engaged in 
homemade hedging. Dealers created a portfolio of securities that 
approximated the market index, either of corporate fixed income 
securities or equities. The hedging portfolio was constructed to have 
a p of unity, although to reduce transactions costs it contained fewer 
securities than are in the index. This surrogate portfolio was sold or 
purchased as a means of hedging the market risk. 

Dealers would sell part of the surrogate portfolio in anticipation 
of a decline in the market index. Alternatively, a government bond 
dealer who was or was expected to be offered a specific portfolio of 
treasuries by customers would try to short long-term bonds, which 
are the riskiest of the treasuries. He would short some of the bonds 
or a surrogate portfolio of bonds. At time t + 1 when the portfolio 
of securities s(t) is sold at price p(t + 1), the dealer repurchases the 
surrogate portfolio. Insofar as the change in the value of the hedging 
portfolio is close to the change in the value of portfolios acquired 
from accommodating customers, the homemade hedging has reduced 
the riskiness of the dealer's position resulting from movements in 
the market index. 

This homemade hedging procedure has several problems, which 
account for its limited use. First, only large dealers could assemble 
and maintain a hedging portfolio that is a good approximation to 
the market index. Second, transactions costs of selling the many 
different securities composing the homemade hedging portfolio 
severely reduce the profit margin derived from the commissions, 
spreads, and returns V[s(t)] earned on the portfolio of transactions. 
Suppose that $10 million of equities p(t)s(t) are hedged by selling the 
homemade hedging portfolio. The average share price for the S&P 
500 index is $41, so that 243,902 shares are involved in the homemade 
hedging. Under the assumption of ten cents a share commission, 
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the round trip transactions costs would be $24,390. Such large trans
actions costs cut into the commissions, V[s(f)], earned by the dealers. 
Third, for government bond dealers, the interest rate on long-term 
government bonds exceeds the yield on the shorter maturities that 
are purchased with the proceeds of the short sale. Moreover, a fee 
which may range as high as Vz percent must be paid to borrow 
securities. Short sales are often quite expensive. Fourth, insofar as 
a hedging portfolio of equities in the secondary market is used, 
selling equities is difficult in a declining market because the stock 
exchange restricts the ability of specialists to sell when the price is 
declining (the "downtick" restriction). 

Dealers' Uses of Futures. Futures markets in Treasury securities and 
stock indexes fundamentally changed the modus operandi of dealers 
and facilitated risk management. The reason dealers hedge is to 
protect themselves against market risk while they assume the port
folio specific risks at very low transactions costs. 

To hedge against the market risk, var (AT), on a portfolio of 
securities s(f) purchased ( + ) or sold ( - ) , quantity x(t) units of a 
homogeneous futures contract are sold ( + ) or purchased ( - ) . Futures 
contracts that mature at time T ^ t + 1 are sold at price fT(t). At 
time t + 1, when the portfolio s(f) is sold at price p(t + 1), the 
futures contracts are repurchased at price fT(t + 1). Transactions 
costs on the futures contracts are T[x(f)]. The profit equations with 
futures -rr(f + 1) are equation 10 or 11. 

ir(r + 1) = {p(t + 1) - [1 + r(t)] p(t)} s(t) + V[s(t)] (10) 

- lfT (t + 1) - fr (t)]x(t) - T[x(t)] 

IT = sAp + V(s) - xAf - T(x) (11) 

The advantages of futures over homemade hedging are considerable. 
First, considerable transactions costs are saved since the homoge
neous futures contract is in a large denomination. Suppose that the 
$10 million portfolio of equities mentioned above is hedged by selling 
futures contracts on the S&P 500 index. If the S&P futures index 
were trading (in 1983) at 140, then each futures contract would have 
a value of $70,000 (500 x 140). The dealer could sell 143 contracts 
against the $10 million portfolio. The transactions cost is $15 per 
futures contract. On a round trip transaction the commissions would 
be $4,290 ($15 x 2 x 143). This figure is only 17 percent of the 
commissions involved in the homemade hedging described above. 

Second, there is considerable leverage in dealing with futures. 
For a hedger, a 3 percent margin is required; and, for a speculator 

141 

© 1985 by the American Enterprise Institute for Public Policy Research, Washington, D.C. All rights reserved. 



CAPITAL FORMATION 

in the futures contracts on the S&P 500, an 8 percent margin is 
required. Collateral on the initial margin can be posted in the form 
of Treasury bills, with no loss of interest. A dealer has no need to 
tie up scarce capital in a surrogate portfolio to the market index, as 
he does with homemade hedging. 

Third, the futures market in the broad-based instrument has 
depth, breadth, and resiliency, which few cash markets possess. 
Dealers need not worry about affecting the market prices with their 
purchases and sales. In selling the surrogate portfolio, since some 
of the securities are infrequently traded or have thin markets, the 
dealer may be affecting the market price to his disadvantage. This 
market power vitiates the usefulness of homemade hedging. Insofar 
as futures trading in the stock index is concerned, no restrictions 
about selling in a declining market exist. 

The structural equations. In equation 10, the dealer hedges against 
market risk (the AT term and associated variance) by selling x(t) of 
broad-based futures contracts for fT(t) dollars per contract, which 
mature at subsequent time T ^ t + 1. At time t the prices of the 
portfolio p(t + 1) and the futures contract fT(t + 1) that will prevail 
at t + 1 are unknown. When the portfolio of securities s(f) is sold 
at time f + 1, the dealer repurchases the futures contract at price 
fT(t + 1). 

Equation 2 or 3 states that the change in the price of the portfolio 
net of financing costs Ap consists of two independent parts. One is 
the market risk, pAT, whereby the price of the portfolio changes with 
the price of the market index. The second part, elr represents changes 
in the price of the portfolio relative to changes in the index: E : = 
Ap — PAT. This portfolio specific risk is assumed to be independent 
of the change in the market index. 

Dealers use futures markets to eliminate market risk by utilizing 
two relations schematized and discussed below. 

portfolio specific e-, > Ap * l\v «-
P 

1 
AT market 

basis E2 * A/ • 

The change in the price of the portfolio Ap is related to the 
change in the market index AT as described by equation (2) or (3) 
above. Selling a stock index future is like selling the entire S&P 
500 index with very low transactions costs and without affecting the 
market prices of the underlying securities. Selling a Treasury-bond 
future is like selling a high-grade corporate bond with a constant 
risk premium relative to the Treasury, with very low transactions 
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costs and without affecting bond prices. A relation exists between 
the change in the price of the futures, A/r = fT(t + 1) - fT(t), and 
the change in the market index, AT. The latter, described by equation 
12, concerns the differential between the futures price, fT(t), and the 
underlying index, I(t), on which the futures is based. This differential 
is approximately equal to the expected net carrying cost, Etr(t, T), 
from time t to maturity date T. The latter consists of the known one 
period net carrying cost, r(t) from t to t + 1, plus the expected net 
carrying costs, Etr(t + 1, T), from t + 1 to maturity at T. The "no 
arbitrage" relation is shown by equation 12. 

/T(f) = 1(f) [1 + Etr(t, T>] = 1(0 [1 + r(t) + Etr(t + 1, T)] (12) 

Consider several cases of this equation. First is the conventional 
textbook case where, say, 1(f) is the cash price of a Treasury bond 
and fT(t) is the price of a Treasury-bond future. The cash bonds can 
be purchased for I(t), and the net financing costs from f to T are 
r(t, T). It financing could be arranged at time t over the interval to 
T, then arbitrage would ensure that the basis fT(t) — I(t) is equal to 
the net financing costs, r(t, T)I(t), or the direct financing costs that 
are based upon the Treasury-bill rate or the repurchase argument 
(REPO) rate over the period less the interest received on the Treasury 
bonds. 

A second case concerns the relation between the futures price 
of a government bond, fT(t), which matures at time T, and the index 
of corporate bonds, Ic(t). There is a price (yield) differential denoted 
by 8(f) between a corporate and a Treasury bond, which reflects 
differential risk: 

I(t) = Tc(0 + 5(0 

Then the relation between the futures price on a government bond 
and a corporate bond is equation 13. 

m = [Tc(0 + 8(0] [1 + Etr(t, T)] ( 1 3 ) 

= IW) + 8(01 [1 + r(t) + Etr(t + 1, T)] 

Both the net carrying costs r(t, T) from t to maturity at T and the 
yield or price differential 8(f) between corporate securities and 
government securities vary over time. 

Third, let I(t) be an index (for example, S&P 500) of stock prices 
and fT(t) be the price at time t of a futures contract on that index, 
which matures at time T. At maturity, the futures price fT(T) is set 
equal to the index T(T). The expected net financing costs E,r(t, T) 
from t to T are equal to the interest rate on Treasury bills less the 
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forecast dividend flows from the securities constituting the index. 
These dividend flows are not known with certainty at initial date t. 

Professional arbitragers, dealers, and funds hold the index funds 
or approximations to the index. These institutions can buy either the 
index fund for T(f) or the future for fT(t). If they buy the index fund, 
they expect the cost to be T(f) [1 + Er(t, T)]. To buy the futures costs 
them fT(t). In each case, at time T, their position is worth the same 
amount fT(T) = I(T). By arbitraging between these two alternatives, 
they tend to produce an approximation to equation 12. 

Merrill Lynch Investment Strategy Department found that, using 
r(t,T) as the risk-free Treasury-bill rate less the forecast dividend 
rates, equation 12 is a good but not a perfect description. There were 
arbitrage opportunities on both the near and the deferred contract. 
Table 3-3 indicates a frequency distribution of the magnitude of 
percentage deviations between the theoretical (the right side of equa
tion 12) and the actual (the left side of equation 12) price of the S&P 
500 futures. Transactions costs are approximately 0.5 percentage points. 
In 30 percent of the cases on the deferred contract, for example, the 
degree of mispricing ranged above 0.58 percent. In 10 percent of the 
cases, it ranged from -0 .63 percent to -1 .23 percent. Mispricing 
net of transactions costs occurs in 40 percent of the cases in the 
deferred contract and 30 percent in the nearby contract. 

The relation between the change in the futures price A/T = fT(t 

TABLE 3-3 
DISTRIBUTION OF PERCENTAGE MISPRICING OF STANDARD & POOR 

FUTURES: DECEMBER 20, 1982, TO AUGUST 17, 1983 

(percent) 

Decile 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

Nearby 

High 

1.73 
0.64 
0.35 
0.15 
0.01 

-0 .09 
-0 .23 
-0 .34 
-0 .50 
-0 .87 

Contract 

Low 

0.65 
0.36 
0.16 
0.01 

-0 .07 
-0 .22 
-0 .32 
-0 .49 
-0 .80 
-1 .42 

Deferred 

High 

2.60 
1.32 
0.88 
0.56 
0.33 
0.18 
0.05 

-0 .03 
-0 .21 
-0 .63 

Contract 

Low 

1.33 
0.95 
0.58 
0.37 
0.21 
0.06 

-0 .02 
-0 .21 
-0 .57 
-1 .23 

SOURCE: Carmine J. Grigoli, Pricing of Stock Index Futures (Merrill Lynch Capital Markets, 
1983). 
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+ 1) - /T(0 and the net change in the market index AT = I(t + 1) 
- 1(0 [1 + r(0] is now shown. Take first differences of equations 
12 and derive equation 14, abbreviated as equation 15. 

Mt + 1) - fiit) = {I(t + 1) - 1(0 [1 + r(t)]} 

+ [I(t + l)Et + lr(t + 1, T) (14) 

- T(0 Etr(t + 1, T)] 

A/ = AT + E2 (15) 

There are three components to deviation E2 between the change 
in the futures price A/ and the return on the index AT. First is the 
mispricing of the futures contract: the existence of arbitrage profits. 
In the early days of futures trading, this element was significant; 
and it enabled institutional investors to outperform the index. At 
present, the profits from mispricing are much smaller. Second are 
the effects of unexpected changes in the yield curve (the second 
element in equation 14) upon the more distant future. An unexpected 
rise in the yield curve at time t + 1 will raise the price of the future 
fT(t + 1) relative to the value of the index. When the maturity date 
T coincides with t + 1, this component will be zero. Third, where 
T is the index of corporate fixed income securities and / is the price 
of a Treasury-bond future, the variations in risk premium 8 (in equa
tion 13) are also contained in the E2 term. 

The variance of the change in the future is equation 16, when 
AT and E2 are independent: 

var A/ = var AT + var E2 (16) 

Substitute equation 15 describing the change in the futures price 
into profit equation 10 or 11 to obtain equation 17 for the profits of 
a dealer who just purchased portfolio s(t). This is the crucial equation 
for an understanding of dealer behavior. 

ir(f + 1) = [s(0P - x(f)] AT + e lS(0 - e2x(0 + V[s(t)] - T[x(t)] (17) 

market portfolio basis deterministic 
risk specific risk risk 

Expected profits Err are equation 18, and the variance of profits 
is equation 19, when AT, ev and e2, are independent. 

E-rr = (sp - x)EAT + SEEJ - xEe2 + V(s) - T(x) (18) 

var TT = (sp - x)2var AT + s2 var et + x2var E2 (19) 

where time subscripts are to be understood. 
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The dealer who has acquired portfolio s(f), which he plans to 
sell to other customers as soon as possible, faces three risks. First, 
there is the market risk generated by AT, changes in the market index 
of securities. Dealers who purchased portfolios of corporate bonds 
just before the change in Federal Reserve policy in October 1979 
would have suffered losses from the fall in corporate bond prices, 
regardless of how astutely they estimated the relative prices of the 
issues they purchased. Second, there is a portfolio specific risk, elr 

which concerns the price of the portfolio relative to its historic relation 
to the market. The dealer's judgment involves purchasing under-
priced securities and selling overpriced securities. The dealers spec
ialize in taking this type of risk, and they hope that, combined with 
the commissions and spreads, 6^(0 + ^[s(0] w m be positive. In 
periods of high interest rate volatility, the portfolio specific risk ej is 
overwhelmed by the market risk in the case of high-grade corporate 
bonds in either the primary or secondary market or in a portfolio of 
many equities acquired for a short time by the stock block trader in 
the secondary market. This is not generally the case in the under
writing of a new stock issue. Third, when the dealer uses the futures 
market, he faces basis risks e2 concerning changes in the futures 
price relative to net changes in the market index. These risks are 
primarily due to unexpected changes in the yield curve. To facilitate 
the exposition, the three risks (var AT, var e,, var E2) are assumed to 
be independent. That is, the sum of the covariances are assumed to 
be relatively small compared to the sum of the variances. The aim 
of the dealer is to select the optimal temporary inventory s(0 and 
amount of futures x(t) sold ( + ) or purchased ( - ) . These quantities 
change from day to day, if not more frequently. 

Optimizing decisions. Dealers have great aversion to risk, despite 
the fact that they are professional risk bearers. Penalties for large 
losses, which may lead to bankruptcy, weigh more heavily than do 
rewards for large gains. Their behavior can be understood by model
ing their decisions as if they were maximizing the expectation of a 
concave utility function of profits from their current transactions. 
Equation 20 describes a general class of expected utility ELT(TT) func
tions, where a is the coefficient of risk aversion of the dealer. 

Max ELT(-rr) = Err - % a r -rr (20) 
s,x 2 

where E-rr is expected profits (equation 18) and var ir is the variance 
of profits (equation 19). The control variables are the inventory s(t) 
and amount of futures x(t). 
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The portfolio of transactions is held for a short time, and daily 
profits are associated with different portfolios. Divisions of the firm 
operate independently. The stock block, corporate fixed-income and 
government-bond divisions make split-second decisions and do not 
coordinate their transactions. They have no time to do so, and each 
dealer tries to unwind his transactions as soon as possible. Insofar 
as he cannot do so, he has an inventory management problem modeled 
by equations 18 and 19. 

Two equations are derived from the maximization of expected 
utility (equation 20) with respect to the temporary inventory, s(f), 
and the amount of hedging, x(t). Their simultaneous determination 
provides the optimal values of the inventory, s(f), and hedge ratio, 
x(t)/s(t). It is instructive to examine these equations separately before 
considering their interaction. 

The Effectiveness of Hedging by Different Types of Dealers. The 
optimal amount of hedging enables dealers to hedge market risks 
and permits them to concentrate upon trying to profit from "distor
tions" in the relative prices of securities. The effectiveness of hedging 
is negatively related to the portfolio specific risk, y1 = var Ej/var AT, 
and basis risk y2 = var e2/var AT, both relative to the market risk 
var AT. When these two ratios are high, hedging is not effective. 
Because ratio -Vj is high for equity underwriting, dealers in equities 
in the primary market do not hedge in the futures market. Because 
ratio yx is low for dealers in high-grade corporate fixed incomes, 
those dealers actively use the futures market for hedging. Ratio y2 

is high if hedging is done in distant futures; therefore, deferred 
futures are inferior to the nearby future as a hedging instrument. 

The variance of profits is equation 19. It is convenient to consider 
variable y, the ratio of the variance of profits (var TT) to the variance 
of the market index (var AT), which is graphed in figure 3 -3 . 

= ^ £ J L = ( s p _ x)2 + S2yi+ X2l2 (21) 

var AT 

7i = var Ej/var AT = portfolio specific risk/market risk (22) 

v2 = var E2/var AT = basis risk/ market risk (23) 

Equation 21 is a quadratic in x, the futures position. If there 
were no use of futures markets such that x = 0, ratio y would be 
the vertical intercept ON or equation 24. 

y(x = 0) = (sp)2 + s2
7 l (24) 
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FIGURE 3-3 
THE RELATION BETWEEN RELATIVE RISK AND HEDGING 

y = var -rr/var Al 

sW + 7: 

sW 
72 

1 +72 
+ 7i 

1 + y2 

The value of x associated with minimal risk is x = xmin in equation 
25. 

(25) 
1 + 7 2 

When the amount of hedging x equals xmin, then the value of y 
is minimal at ymin in equation 26. This is point M in figure 3-3 . 

ymin = (sp)2 ~ ^ - + S2
7l 1 + 7 2 

(26) 

The maximum reduction in risk resulting from hedging is to 
reduce y from the no-hedge point N to the minium risk point M. 

148 

© 1985 by the American Enterprise Institute for Public Policy Research, Washington, D.C. All rights reserved. 



JEROME L. STEIN 

The maximal percentage reduction in risk denoted MRR, ratio 
NM'/ON in figure 3-3 is equation 27: 

x m n NM' 
MRR = W (27) 

R2 

maximal percentage risk reduction (1 + 72)(P
2 + 7i) 

A special case of equation 27 is one where there is no basis risk 
72 = 0. Then the maximal percentage reduction in risk is MRR = 
P2/(P2 + 7J ) . This can easily be related to Louis Ederington's formula.4 

When there is no basis risk then equation 15 is A/ = AT and var A/ 
= varAT. Then the net change in the price of the portfolio Ap can 
be written as Ap = pA/ + ea. If the correlation between Ap and A/ 
is denoted by R, it follows that R2 = p2/(p2 + yj.5 

Hence, equation MRR = P2/(p2 + 7i) is identical to Ederington's 
formula for the maximal risk reduction through hedging when there 
is no basis risk. 

The advantage of equation 27 over Ederington's R2 formula is 
that the determinants of R2 are explicitly brought out in 27 as compo
nents of structural equations. Thereby one can understand on a 
theoretical level the usefulness of hedging, that is, where it will or 
will not be used. 

The optimal futures position x = x" is equation 28. It is derived 
by optimizing equation 20 with respect to x(t). 

1 1 E(A/T) - T(x) 
x*(t) = ps(0 ; „ ' x 4l 28 

w l + 72 a (1 + 72) var AT 
since var (A/T) = (1 + 72) var AT. 

Equation 28 indicates the hedging and speculative aspects of the 
use of futures. The first term in the equation is the optimal hedging 
that would be done if the futures price were not expected to change 
by more than the transactions costs. Then the optimal amount of 
hedging is equal to the amount that leads to the minimal risk 
x = xmin. This occurs because of equation 15 in which the coefficient 
of AT is unity. Under these conditions, fraction p/(l + 72) of the cash 
position s(0 is hedged in the futures market. The greater the basis 
risk 72, the smaller will be the fraction hedged. The greater the p, 
the responsiveness of the price of the portfolio to changes in the 
market index, the greater the fraction hedged. 

The second term in equation 28 is the speculative term. It is the 
optimal position in the futures market that would be taken if the 
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dealer had no position in the cash market. Position x*(t) would be 
long (short) if the futures price were expected to rise (decline) by 
more than the transactions costs. The risk on a pure futures trans
action, var (A/T), is the denominator of the second term, using equa
tions 16 and 23, that is, var A/ = (1 + 72) var AT. Thus the pure 
speculative element is the expected return net of transactions costs 
divided by the product of risk and risk aversion. 

Equations 27 and 28 explain why futures are used by dealers in 
fixed income securities in both the primary and secondary markets 
and by stock block traders in the secondary market and why they 
are not used in equity underwriting. These equations also explain 
what are, and are not, fruitful uses of futures by dealers. 

High-grade corporate fixed income securities bear interest rates 
that are linearly related to the interest rates on Treasury securities 
of comparable maturities. A dealer prices a corporate bond issue on 
the basis of the yield curve on Treasury bonds. By hedging with a 
Treasury-bond future, the dealer knows that the correlation between 
the change in the net price of the corporate bond, Ap, and the change 
in the price index of a Treasury bond, AT, is very high. The issue 
specific risk, var E^ is very small compared with the market risk, 
var AT. In equation 27, yx is very small. Insofar as hedging is done 
in the nearby contract, the basis risk 72 is also very small. Hence, 
point M in figure 3-3 is close to the x axis, and almost all of the risk 
can be eliminated through hedging. 

A different situation exists in the underwriting of corporate equi
ties. The earnings of a particular corporation have a high variance, 
they are very difficult to predict. Earnings are affected by the quality 
of management of the corporation, the fortunes of the industry, and 
the course of the economy. The third factor would be reflected in 
the movements of the S&P 500 index. Hence, EX reflects the first two 
factors. Changes in the stock price, for that reason, are poorly corre
lated with changes in the net price of the index. Formally, var Ej is 
high relative to var AT. This means that parameter 71 = var E^var 
AT is high or the regression coefficient p in equation 3 relating Ap to 
AT is close to zero. Consequently, hedging is not effective in the 
underwriting of equity. The futures market is not used in stock 
underwriting because the major risk is the issue-specific risk, var sl7 

rather than the market risk, var AT. Graphically, point M' is not far 
below point N in figure 3-3; in other words, M'N/ON is quite small. 

A different situation prevails in the secondary market for equities 
from the viewpoint of the stock block trader. The stock block trader 
purchases and sells many different issues during the course of a day; 
and s(0 should be interpreted as a vector of securities. On one 
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particular issue, the relative price risk is high compared with the 
market risk. When one considers the entire portfolio of purchases, 
one sees significant negative covariances between the relative price 
risks. Consequently, the major risk that a stock block trader faces is 
the market risk. Put another way, during the course of a day, the 
stock block trader may acquire a large sample (portfolio) of stocks 
that has a fair similarity to the market index. If in equation 8 n is 
close to N, the average price of the sample (portfolio) is correlated 
with the market index (see equation 9). By selling a futures on the 
S&P 500 index, the stock block trader is in effect selling the index; 
and he thereby avoids the market risk. His yt is relatively small; 
therefore, distance NM'/QN is large in figure 3-3 . 

A specific set of examples can be given. These are estimates of 
equation 6, var Ap = p2 var AT + var EX, for portfolios consisting of 
n securities from the New York Stock Exchange. 

Number n of 
securities 

1 
2 

10 
20 

R2 --= P: 2 var AT/var Ap 

0.300 
0.462 
0.811 
0.896 

The left column lists the number of securities and the right column 
is R2 = p2var AT/var Ap, the proportion of total risk due to the 
market.6 The maximal risk reduction to be achieved by hedging MRR 
is this R2 when there is no basis risk. An equity underwriter handling 
one issue on a given day can avoid 30 percent of the risk by hedging 
in a broad-based index. A stock block trader handling twenty stocks 
on a given day can avoid 90 percent of the risk. 

A question arises whether the stock block trader or the equity 
underwriter would use futures on subindexes in his risk management 
operations. The answer is that such futures are not very useful to 
the stock block trader but can be useful to someone who specializes 
in a subset of securities. Consider a hypothetical situation in which 
a stock block trader can use a futures in every single security that 
he purchases or sells. If he hedges each of his purchases with the 
corresponding future, then he is incurring very large transactions 
costs and, in effect, disposing of each security immediately via a sale 
of futures. The stock block trader operates on a sufficiently large 
scale that he has the ability to influence the market price. He would 
then be influencing the futures price. As a result, he has gained 
nothing by hedging rather than selling the securities immediately in 
the cash market. The crucial aspect of futures is the liquidity of the 
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market: the ability of the dealers to buy and sell large quantities 
without affecting the price. The more specific the future, the closer 
it is to the cash market; and hence the futures market loses its 
liquidity. Moreover, transactions costs rise as they do in the home
made hedging case described previously. 

During the course of a day a municipal bond dealer acquires a 
sample of the municipal bond index. If there were a futures contract 
on a municipal bond index, the dealer would be sensible to hedge 
the market risk on the population of municipal bonds with a futures 
contract on the municipal bond index. The correlation between the 
average price of his portfolio of municipals and the municipal bond 
index would be high: var Ej/var AT = y-, would be low. Hedging 
would be quite effective. 

Subindexes in equities could be useful to the stock block trader 
but not useful to the equity underwriter for the following reason, 
seen mathematically in equation 8. If the stock block trader has been 
dealing in many equities in the industry, then he can avoid the 
industry specific risk by hedging in the industry subindex and still 
have liquidity. The equity underwriter handles few issues at a time 
and faces the corporation specific risk, which relates to the quality 
of management of the corporation. His n is quite small, so that 
7J = var Ej/var AT is high for the equity of a specific corporation. 

Hedging of high-grade corporate fixed income securities is feasi
ble because the probability of failure to service the debt is small. 
Hedging of an equity of a particular corporation cannot eliminate 
the high variance of the earnings of a particular corporation due to 
the quality of management: yx is high. Hence, the equity underwriter 
is unlikely to be attracted to futures. 

The advantages of futures markets for dealer risk management 
are as follows. There are low transactions costs because of economies 
of scale. Since the same futures contract is used by dealers to hedge 
market risk on a heterogeneous collection of securities, the market 
is very liquid, and no dealer can affect the market price. The hedging 
of market risk does not preclude the dealer from profiting from 
relative price distortions. There is a high correlation between the 
price of a futures contract on an index and the average price of a 
large sample of underlying securities, so that market risk can be 
diversified away. If a subindex futures contract is narrowly based, 
it does not have the first three advantages and hence is of limited 
use to dealers. A futures contract on the index is an inexpensive way 
of buying or selling a representative sample of the underlying secu
rities without affecting market price. 

The speculative component of futures transactions is E(A/)/a var 
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(A/) in equation 28. It is the expected return per unit of risk on a 
futures contract divided by the coefficient of risk aversion. Different 
dealers have different coefficients of risk aversion. Highly risk-averse 
dealers (those with large values of a) use futures primarily for hedg
ing. Their sales of futures x(t) are equal to the first term in equation 
28. Those who are less risk averse also use futures as a speculation 
on price change. Their sales of futures x(t) may be closer to the 
second term in equation 28. For these reasons, equations 27 and 28 
capture the essence of dealer transactions in futures. 

Futures Markets and the Cost of Capital. 

The inventory investment demanded. The optimum inventory invest
ment by the dealer during a period of time can now be derived. It 
is the penultimate step in deriving the cost of capital. 

The optimum portfolio of securities that the dealer has on balance 
acquired by accommodating his customers and that he continues to 
hold at the end of the day is his inventory investment. It is derived 
from the simultaneous solution of equations 18, 19, and 20 above. 
Continue to consider the case where the basis risk is a negligible 
fraction of the market risk and neither the futures price nor the index 
is expected to change,7 so that the optimal hedge ratio is p in equation 
28. 

Assume E (AT) = 0, E(e2) = 0, E(A/r) = 0 

72 = var E2/var AT is negligible 

Since the optimal value of xls under the above assumptions is p, the 
expected profit and variance of profit are equations 29 and 30 respec
tively. 

ETT = SE(EJ) + V(s) (29) 

var rr = s2(var ex + P2 var s2) (30) 

The optimal cash position, s, occurs when the marginal expected 
profits, dE(ir)/ds, are equal to the marginal risk premium, (a/2)d var 
itlds. Then equation 31 is satisfied. 

E(El) + V'(s) = a(var El + P2 var E2)S (31) 

The marginal expected profits from inventory investment consist 
of two parts. (1) The relative net price of the portfolio is expected to 
appreciate by E(e1), relative to its systematic relation to the market. 
(2) The income earned from commissions and spreads, V(s), less 
costs is positively related to the portfolio of transactions. 
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The nonspeculative profit function V[s(0] is described by equa
tion 32 and marginal profits V[s(0] by equation 33. The nonspecu
lative profit function, V(s), is concave; or the marginal nonspeculative 
profit function, V'(s), is negatively sloped, for two reasons. First, 
total revenue rises at a slower rate than the volume of business 
because the dealer competes for business by offering more favorable 
commissions or spreads and because the dealer's purchases and sales 
affect market prices. That is, the dealer faces a negatively sloped 
demand curve relating volume of business to both market price and 
to commissions and spreads. Second, marginal costs of operation are 
positively related to the volume of business. 

V(s) = U - | sjs (32) 

V'(s) = v0 - i7,s (33) 

Term v0 is marginal profit when s = 0. It reflects the state of 
demand for dealer services and the cost of providing them; and vx 

reflects how the spread or commission must decline to increase the 
volume of business and the corresponding rise in marginal cost. 

Substitute (33) into (31) to derive the necessary condition for the 
optimal inventory. 

EEJ + v0 - v-,s(t) = a(var e1 + p2 var E2) S(0 ,OA\ 

marginal expected profit = risk premium 

When the optimal futures position is held the marginal expected 
profit rfErr/rfs and the risk premium, (a/2)d var -rr/rfs, are graphed as 
in figure 3-4. The term in parentheses in the risk premium is the 
risk per unit of inventory investment when the optimal hedge ratio 
P is used. 

For the optimal inventory of the dealer, s(t), we solve equation 
34 and derive (35). 

EE, + Vn 
s 0 = ; h : 35 

v1 + a(var Ej + p2 var E2) 
when it is assumed that: E(AT) = 0, E(E2) = 0 and 72 = var 
E2/var AT ~ 0. The expected return on the portfolio is E(Ap) = 
PE(AT) + E(E!) from equation 2 or equation 3. When E(AT) = 0, 
equation 35 can be written as equation 36. 

Ep(t + 1;Q - [1 + r(Q]p(Q + v0 

vx + a(var e1 + P2 var E2) s(o = „ , :.:..••. , L : i ^ w 
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FIGURE 3-4 
OPTIMAL INVENTORY INVESTMENT WHEN AN OPTIMAL POSITION Is 

TAKEN IN FUTURES 

dEtx a d var IT 

ds 

NOTE: When the optimal futures position is held (given the assumptions), optimal 
inventory investment s(t) during the time interval is where the expected marginal 
profits EE1 + v0 - f j s(t) is equal to the risk premium a(var E, + p2 var E2) s(f). A 
rise in the risk rotates the risk premium line counterclockwise. This is fundamentally 
different from the "separation theorem." 

The dealer's inventory investment at the end of a day depends 
(1) positively upon the expected change in the relative price of the 
portfolio net of finance cost plus the marginal profit v0, (2) negatively 
upon the risk when the optimal hedge ratio is used, times the coef
ficient of risk aversion, and (3) negatively upon the reduction in 
commissions and spreads required to increase business. 

If there were no risk or risk aversion, then the optimal inventory 
investment is [E(EJ) + v0]/v-, or s0. With risk and risk aversion, the 
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optimal inventory investment is s :. As the degree of risk increases, 
the optimal inventory declines to s2. 

Previous writers allege that no connection between the cash 
position and risk exists, even when there is risk aversion.8 They 
derive a separation theorem, which states that when the firm can 
either sell its output forward at a predetermined price or sell it later 
at an uncertain price, then the quantity s(t) that will be "produced" 
is independent of risk and risk aversion. These elements simply 
determine the fraction of output hedged. 

Equation 35 or figure 3-4 for the optimal inventory investment 
s(0 is quite different from the separation theorem because s(f) also 
depends upon risk and risk aversion. As risk rises, s declines from 
Sj to s2. Unlike the separation theorem, the optimal hedge ratio in 
equation 28 when the futures price is not expected to change, [E(A/) 
= 0], is independent of risk and risk aversion. The reason for the 
different results is that those who use the separation theorem are 
describing a forward not a futures market. In a forward market, there 
is no risk. What is sold forward at a predetermined price is delivered 
at that price, and all risk has been eliminated on those transactions. 
A different situation exists when the dealer hedges by selling x units 
of futures contracts on a broad-based index. The futures on the broad-
based index do not correspond to the portfolio hedged. The dealer 
is not planning to deliver the broad-based index; the transaction is 
not forward. The risk that is eliminated by the optimal amount of 
hedging is the market risk (var AT) whereby the price of the portfolio 
varies with movements in the bond or stock market index. The 
remaining risks, as described by equation 30, are the risk of changes 
in the relative price of the portfolio (var e-,) and the risk of changes 
in the basis (var E2). By hedging in the futures market, the dealer 
hedges away the market risk by assuming the risk of changes in the 
basis. 

The rapidly growing futures markets are heavily used by dealers 
and are quite distinct from forward markets. In 1982, for example, 
the U.S. government securities dealers had the following positions 
in the cash, futures, and forward markets (in millions of dollars): 

$9,328 U.S. government securities 
Futures positions 

Treasury bills 
Treasury coupons 
Federal agency 

-2,508 
-2,361 

-224 
-5,093 
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Forward positions 
U.S. government 

securities 
Federal agency 

-788 
-1,190 

-1,978 

When there is no futures market, the optimal inventory invest
ment sN(0 satisfies equation 37. It is derived by maximizing equation 
20 with respect to s, using equations 18 and 19 and setting the futures 
position x equal to zero. The left side is dEnlds and the right side is 
(a/2)d var ir/ds. 

PE(AT) + E(6l) + V(sN) = asN(p2var AT + var 6 l) (37) 

When the expected return on the index net of carrying costs is zero— 
E(AT) = 0—then the optimal inventory position sN(t) is equation 38. 
It can also be written as equation 39, which is comparable to equation 
35. 

s m =
 £ ( £ i ) + ^o 

m ' v1 + a(P2 var AT + var El) 
(38) 

Ep(t + 1; Q - [1 + r(Q]p(Q + v0 

v-x + a(P2 var AT + var Ej) 
, n _ w T L, x., L± -r , v n n i , -r uQ 

SNV) - „, , _ , / Q 2 . „ _ A 7 , s (jy) 

The optimum temporary inventory, sN(t), that will be absorbed 
by the dealer when there are no futures markets depends upon the 
following factors. It depends positively upon the expected capital 
gain on the inventory net of financing costs, EAp = PEAT + EE], 
and upon the level v0 of commissions and spreads. It depends nega
tively upon vu the degree of market power that the dealer has in 
affecting price. The greater this market power, the smaller will be 
the dealer's purchases or sales per unit of time. The position depends 
negatively upon the product of risk aversion a and total risk p2 var 
AT + var e-,. 

An approximation to equation 38 was examined by Burton Zwick.9 

He examined the quarterly average of dealer net positions in Treasury 
bills and other securities maturing during a year and dealer spreads, 
during the period 1962:Q1 through 1974:Q4. The regressors were (a) 
the actual changes in interest rates; (b) the net carrying costs, meas
ured as the quarterly average of the federal funds rate less the three-
month Treasury-bill rate and (c) measures of variability in interest 
rates. His position variable is average inventory, whereas my s(f) is 
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the change in inventory during a short period of time. The actual 
change in interest rates is used as a proxy for the expected change 
in interest rates. 

Zwick's variables (a) and (b) reflect the numerator in equation 
38; and variable (c) reflects the denominator in that equation. He 
found the following relations. First, the average position was nega
tively related to the actual rise in interest rates. Second, the average 
net position was negatively related to net carrying costs. Third, the 
average net position was negatively related to the interest rate vari
ability during the four recent quarters; but it was not related to that 
variability during the past twenty-four quarters. Fourth, the spreads 
were positively related to the measures of variability. Interest rate 
variability affects the average position in the short run. In the longer 
run, it primarily affects the spread. 

A Comparison of Dealer Inventory Investment Function. The cost 
of capital is negatively related to the market prices of bonds or 
equities of the corporations. Using the above analysis of the dealer 
demand for inventory investment, the effects of futures markets 
upon the price of the portfolio, p(0, or cost of capital can be explained. 

The demand for inventory investment (s = 0) by dealers is 

equation 36 when the futures market is used optimally, and equation 
39 when there is no futures market. It is convenient to write these 
equations in inverse form and graph them in figure 3-5. 

When the futures market is used optimally, the inverse inventory 
function is equation 40, abbreviated as (41). It is curve FF' in figure 
3-5. 

= Etp(t + 1) + v0 _ [vx + q(var s t + P2 var e2)] 
W) 1 + r(t) 1 + r(t) S W l ' 

p(t) = A(t) - BF s(t) (41) 

The vertical intercept of the inverse demand curve A(t) is the 
present value of the expected price of the portfolio plus the marginal 
profit on the first unit acquired. This is the primary source of uncer
tainty. Graphically, the intercept term continually shifts up and down. 
The absolute value of the slope of the inventory investment demand 
curve BF(t) depends upon three factors. It depends upon the risk of 
the portfolio when the optimal hedge ratio is used. Components of 
this risk are the variance of the relative price, var slr plus the basis 
risk, p2 var E2. Note that (from equation 25) when the optimal hedge 
ratio is used, the market risk var AT has been diversified away. The 
absolute value of the slope also depends upon the coefficient a of 
risk aversion by dealers and on the degree of market power of a 
158 

© 1985 by the American Enterprise Institute for Public Policy Research, Washington, D.C. All rights reserved. 



FIGURE 3-5 
THE EFFECTS OF DEALERS UPON THE LEVEL AND VARIANCE OF 

SECURITY PRICES 

Ne t excess supp ly 
of securities 

NOTE: The excess supply of securities (excess demand for loanable funds) by nondeal-
ers is curve LF, LF' or LF" The inventory investment demand by dealers is NN' when 
there are no futures markets and FF' when the futures markets are used optimally. 
Transitory variations in the LF' curve, around its mean value LF, produce smaller 
price variations when dealers use futures markets optimally. 

dealer v1 in affecting the price. Both A(t) and B(t) depend upon the 
particular securities acquired by the dealer. 

Let s, of securities be offered to dealers during an interval of 
time. It could be a new issue of corporate fixed incomes, blocks of 
equity or an issue of government bonds. The aim of the dealer is to 
dispose of these securities to their customers as soon as possible. 

The present value of the price expected to prevail at time t + 1 
plus the marginal profit v0 determine the intercept 71(0- According 
to figure 3-5 , the dealer will bid price px giving the corporate treas
urer or the U.S. Treasury a cost of capital of 100 - p-,. Risk premium 
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A(0 - Pi reflects the risks of acquiring the particular portfolio plus 
the basis risk involved in hedging away the market risk. 

Contrast this with the situation in which there are no futures 
markets in the broad-based index. The inverse inventory function is 
equation 42, abbreviated as (43), based upon equation 39. It is curve 
NN' in figure 3-5 . 

= Etp(t + 1) + v0 _ [v, + a(var s t + p2 var AT)] 
P(> 1 + r(t) 1 + r(t) K) K ) 

p(t) = A(t) - BN s(0 (43) 

The difference between the dealer's inventory investment demand 
curve when there is a futures market in the market index (equation 
40) and when there is no such futures market (equation 42) is not 
so much in the intercept A(t), but in the slope BF or BN respectively. 
The slope represents the risk premium, risk aversion, and market 
power. When there is no futures market then the dealer must assume 
the market risk, p2 var AT, and the portfolio specific risk, var e^ 
When there is a futures market in the broad-based index, the dealer 
must assume the portfolio specific risk, var elr plus the basis risk, 
P2 var E2. A market risk is traded off for a basis risk. Since the basis 
risk is much smaller than the market risk, the absolute value of the 
slope of the dealer's demand curve for inventory investment is greater 
when there are no futures markets. Were portfolio s1 to be offered 
to the dealers (under comparable conditions during a given interval 
of time), the bid price would be p[. Risk premium A(t) - p[ would 
be demanded by dealers to compensate them for both market and 
portfolio specific risks. The cost of capital to the corporate treasurers 
or the government would be 100 - p[. 

There is also some effect of futures markets upon the intercept 
term A(t), which is the expected price Etp(t + 1) plus marginal 
nonspeculative profits. When there are no futures markets, the price 
discovery concerning the value of high-grade corporate bonds is done 
through the yield curve on government bonds. The interest rate on 
the corporate bonds will be the interest rate on a government issue 
of the same maturity plus a relatively constant risk premium. More
over, the expected interest rates on government issues at a subse
quent date, that is the implicit forward rates, can be inferred from 
the yield curve on treasuries. In this manner, the dealer can use the 
yield curve on Treasury securities to price corporate issues and to 
learn the market estimate Etp(t + h) of the price at time t + h. 

With futures in Treasury securities, the market obtains the same 
type of information concerning expected subsequent interest rates or 
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Etp(t + h). The main difference is that with futures, the yield curve 
is updated continuously and is readily available at practically no cost 
to all market participants. Futures permit continuous updating of 
A(t) in a readily available form, whereas the estimate of A(t) derived 
from the yield curve per se is not as current when there are no 
futures markets. Overall, however, the price discovery role of finan
cial futures is not that significant. 

The depth, breadth, and resiliency of the market. The effects of the 
dealers' uses of futures markets upon the macroeconomy can now 
be explained. Price p(t) at which dealers purchase or sell securities 
is negatively related to "the interest rate." Suppose that the face 
value of a bond is one dollar and the dealer is willing to purchase 
it for p dollars. The discount rate is 1 - p. If it were a zero coupon 

bond maturing in T years, the interest rate is ; = - In (1/p). Similarly, 

if the reproduction cost of a firm is one dollar and the dealer is 
willing to purchase the equity for p dollars, the q ratio is precisely 
p. In both cases, the rate of planned investment by firms is positively 
related to price p. 

Consider the demand for and supply of loanable funds by 
nondealers, items 1 through 5 in table 3-4. The demand for loanable 
funds is the supply of securities offered during a time interval. The 
supply of loanable funds is the demand for securities during a time 
interval. 

The excess supply of securities y(t) = I(t) + [G(t) - T(t)] + AL(t) 
- S(t) - AM(0, during a time interval, is negatively related to "the 
interest rate," or positively related to the level of security prices, p(t). 
It is drawn as the LF (loanable funds or excess supply of securities 
schedule) in figure 3-5 , and is equation 44 written in inverse form. 
Parameter u(t) reflects the shifts in the LF schedule, due to variations 

TABLE 3-4 

SUPPLY OF AND DEMAND FOR SECURITIES (LOANABLE FUNDS) 

DURING A SPECIFIC TIME INTERVAL 

Supply of Securities Demand for Securities 

1. I(t) = planned investment by firms 4. S(t) = savings 
2. G(t) — T(t) = government expenditures 5. AM(t) = change in 

less taxes = deficit supply of money 
3. AL(t) = change in demand for money 6. s(t) = dealer investment 

in inventories 
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in income, the productivity of capital, thrift, liquidity preference, or 
the government deficit. A transitory rise in the government deficit, 
for example, shifts the excess supply of securities curve from LF to 
LF'. A transitory rise in the money supply increases the demand for 
securities and shifts the excess supply of securities curve from LF to 
LF". 

p(t) = u(t) + ay(t) (44) 

The average value of the excess supply of securities curve is LF 
associated with an average value of u denoted by Eu = 0A(t) in 
figure 3-5. At this price (interest rate) 0A(t), the demand for and 
supply of loanable funds are equal, on average during the period. 
Dealers, on average, are neither investing or disinvesting in securi
ties. 

Dealers provide the securities marked with "depth, breadth, and 
resiliency." This phrase has been defined as follows: 

the market which is reflected on the order books of special
ists and dealers possesses depth when there are orders, 
either actual orders or orders that can be readily uncovered, 
both above and below the market. The market has breadth 
when these orders are in volume and come from widely 
different groups. It is resilient when new orders pour promptly 
into the market to take advantage of sharp and unexpected 
fluctuations in prices.10 

When a market has depth, breadth, and resilience, variations in 
portfolios offered or demanded do not lead to large price fluctuations. 
Figure 3-5 shows how the use of futures by dealers adds depth, 
breadth, and resiliency to these markets. 

Let the nondealer excess supply of securities vary from curve 
LF' to curve LF", around its mean of LF. If there were no dealers, 
the price of securities (interest rate) would vary from A' to A" to 
produce an equality between the demand for and supply of loanable 
funds. 

Dealers provide an inventory investment or disinvestment (see 
table 3-4, item 6) cushion for fluctuations in the excess supply of 
securities (items 1 to 5 or variable y[t]). Suppose that the government 
deficit that is being financed through securities exceeds its average 
value for the period and produces a transitory rise in the excess 
supply of securities curve to LF'. As the price declines below 71(0, 
the present value of the subsequently expected price, dealers would 
increase their inventories of securities. 

If there were no dealers, the price would decline to A". If dealers 
cannot use futures markets, their inventory investment function is 
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NN'. The price would temporarily decline to zx; and dealers' inven
tory investment would be s[. Risk premium A(t) - zx is the expected 
return over the financing costs. 

When dealers use futures markets optimally, the inventory 
investment function is FF' The transitory rise in the excess supply 
of securities to LF' leads to a price of px; and dealers' inventory 
investment is s1. Risk premium A(t) - px is the expected excess return 
over financing costs. The distance between the FF' and NN' curves 
(for example, p'xp\ or p2p2) is the decrease in risk premium resulting 
from the optimal use of futures markets. 

Graphically, it is obvious that the average price Ep = A(t) is not 
directly affected by the dealers' use of futures, or even by their 
existence. At this average price, the average demand for and supply 
of loanable funds are equal on average. The variance of the price of 
securities, however, is profoundly affected by the role of the dealers. 
If there were no dealers, the range of price variation would be from 
A" to A'. If dealers could not use futures markets, the range would 
be from zx to z2. If dealers used futures markets optimally, the range 
would be reduced from p1 to p2. 

Formally table 3-4 and equations 40 to 44 imply that the expected 
price Ep is given by equation 45 and the variance of the price, var 
p, is given by equation 46. 

Ep = A (45) 
var u . , , , , 

var p = j l = N'T7 (46) 

Since slope BF is less than slope BN (in figure 3-5 or equations 
40 and 42), the price (interest rate) variance is reduced by the dealer 
use of futures markets. Alternatively, the use of futures markets by 
dealers increases the depth, breadth, and resiliency of the market. 

The percentage reduction in the slope B of the inventory invest
ment demand of dealers can be immediately derived from equations 
40 and 42. 

BN - BF ap2(var AT - var E2) 

BN v-x + a(var ex + P2 var AT) 
(47) 

A particularly simple expression for the percentage decline in 
the slope can be derived from equation 47 by assuming that there 
is no basis risk, E2 = 0, so that equation 48 describes the relation 
between the change in the net price Ap and futures price A/ respec
tively, and that coefficient v-, is sufficiently small to be ignored. 

Ap = PA/ + EU since A/ = AT (48) 
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Then 

From equation 48, 

BF var AT 
= P2 7 - (49) 

var Ap 

var AT _ var A/ _ 
P2 r- = P2 7^ = P2./ (50) 

var Ap var Ap " 
where p^ is the correlation between Ap and A/. It follows that 

— » = PPf (51) 

Under the assumptions above, the percent reduction in the slope 
of the inventory investment function of the dealers is equal to the 
square of the correlation between the change in the net price of the 
portfolio purchased and in the change in the price of the futures 
contract used for hedging. 

The direct or impact effect of the dealers'uses of futures markets 
is to increase the depth, breadth, and resiliency of the market for 
securities. The price variance is reduced, but there is no change in 
the average price. 

In the remainder of this chapter, I show that futures markets 
also affect the nondealer excess supply of securities or net demand 
for loanable funds curve LF. Thereby the average price (interest rate) 
is affected. In particular, investment demand I(t) is increased, and 
the savings directed toward risky assets S(t) - AL(0 are also increased, 
as a result of the development of futures markets. These longer-run 
effects raise the rate of capital formation. 

Financial Futures and the Mortgage Market 

Investment in residential housing accounted for 55 percent of net 
fixed capital formation in 1983. Home mortgage borrowing accounted 
for 37 percent of the total borrowing by the private nonfinancial 
sector. The total mortgage debt was 178 percent of the total market
able interest-bearing public debt (see table 3-5). For these reasons 
the interest rates charged by mortgage bankers and savings and loan 
associations for home mortgages profoundly affect the aggregate rate 
of capital formation. 

Intermediate between the savings and loan associations and 
mortgage bankers, which lend directly to home buyers, and the 
capital market where private savings are offered are the Federal 
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TABLE 3-5 
THE IMPORTANCE OF HOUSING IN CAPITAL FORMATION, 1983 

Value 
> billions) Index 

108.0 
59.1 

322.9 
120.6 

1,024.0 
1,826.4 

100.0 
54.7 

100.0 
37.3 

100.0 
178.0 

Net fixed investment, total 
Net fixed residential, nonfarm investment 
Total borrowing by private, domestic, nonfinancial 

sector 
Home and multifamily residential mortgages 
Marketable interest-bearing public debt 
Mortgage debt outstanding 

SOURCES: Economic Report of the President, 1985, tables B-15, B-70, B-79; and Federal 
Reserve Bulletin (May 1984), table 1.57. 

National Mortgage Association (FNMA) and the Government National 
Mortgage Association (GNMA). The subject of this section is how 
the use of futures markets in treasuries by the FNMA has lowered 
the interest rates on home mortgages in relation to what they would 
have been if there were no facilities for hedging. Since a similar 
analysis applies to the effects of futures markets on the operation of 
the GNMA, the effects of futures markets on investment in residen
tial housing are qualitatively similar to the effects described in this 
section but quantitatively larger. 

The FNMA is a federally chartered, privately owned corporation. 
Its principal activity is the purchase of mortgages, primarily on resi
dential properties, which are held as investments. The FNMA is the 
nation's largest supplier of mortgage funds. On December 31, 1983, 
the FNMA owned a portfolio of $75.7 billion in mortgage loans (table 
3-6). Substantially all mortgage purchases are made in accordance 
with forward purchase commitments, which totaled $18.6 billion in 
1983. 

The FNMA has two sources of revenue: (1) the seller of a mort
gage generally pays a fee ranging from 1 to 3 percent of the commit
ment on a fixed-rate mortgage; and (2) the acquired portfolio earns 
a rate of return. Table 3-6 indicates the average yield on the portfolio. 

The FNMA acquires funds to purchase home mortgages by sell
ing its own securities in the capital market. These obligations are 
treated as U.S. agency debt in the market, supervised financial insti
tutions can invest in them without regard to legal limits imposed on 
investment securities. In this way the FNMA borrows in the capital 
market from institutions that would not otherwise invest in mort-
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TABLE 3--6 

SUMMARY OF F N M A OPERATIONS, 

1979 

Net mortgage portfolio 
($ billions) 49.65 

Commitments issued 
($ billions) 10.18 

Average yield on portfolio (%) 8.74 
Average cost of outstanding 

debt (%) 8.72 
Spread: yield minus cost (%) 0.02 
Net income ($ millions) 162 

1980 

55.74 

8.08 
9.20 

9.87 
-0 .67 
14 

1979-: 

1981 

59.85 

9.47 
9.82 

11.42 
-1 .60 

-190 

1983 

1982 

69.71 

22.11 
10.69 

11.39 
-0 .70 

-105 

1983 

75.67 

18.61 
10.70 

11.07 
-0 .37 
75 

SOURCE: Federal National Mortgage Association, Guide to FNMA Debt Securities, March 
1, 1984. 

gages (see figure 3-2). Table 3-6 shows the average cost of its 
outstanding indebtedness. It is correct to conceive of the FNMA as 
a huge savings and loan association that borrows in a national and 
international capital market and purchases heterogeneous mortgages 
from local mortgage originators. 

The FNMA's income is related to the mortgage fees and the 
difference between a weighted average yield on its portfolio and a 
weighted average of its borrowing costs. This spread has been nega
tive in recent years. Although its net mortgage portfolio grew at a 
rate of 11 percent per annum from 1979 to 1983, its net income has 
fluctuated greatly, from large profits to large losses. 

Savings and loan associations and mortgage bankers generate a 
relatively steady flow of new mortgage loans, which are offered to 
the FNMA. The savings and loan associations also make large sales 
(for example, $1 billion) of portfolios of long-term mortgage loans 
that were financed at low interest rates. They are trying to shorten 
the average duration of their portfolios. These large batches of old 
mortgages are offered to the FNMA at substantial discounts. Forward 
commitments to purchase the mortgages are usually on a three-
month basis. The required documentation causes a lag between the 
forward commitment and the subsequent delivery. "Immediate" 
delivery in this market is thirty days. A distinction is made between 
the steady, predictable flow of new mortgages and the nonpredict-
able large discrete sales of seasoned mortgages by these institutions. 
The latter require more careful risk management than the former, 
for reasons discussed below. 
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The FNMA must obtain the approval of the Treasury for the 
issuance of its own obligations to finance its purchases of mortgages. 
The Treasury determines when the FNMA can enter the capital market 
once a month with its debentures. The rationale for this procedure 
is that the FNMA's monthly borrowing, approximately $1 billion to 
$lVz to billion, should not adversely affect the Treasury's ability to 
borrow in the capital market. The Treasury is also concerned to avoid 
congestion in the capital market of security sales among the several 
agencies. Borrowings by the Treasury or the agencies are so large 
that they affect market rates of interest. The FNMA can seek authority 
to sell public issues more frequently than one day in the month if 
the calendar is free, and it normally does so once or twice a year. 
The basic point, however, is that the FNMA is uncertain when it 
will be allowed to go to market and what interest rates will exist on 
that one day. 

There is a lag between the forward commitment to purchase 
mortgages and the subsequent sale of FNMA securities. On October 
20, 1983, for example, the FNMA was asked to bid on a pool of 
approximately $750 million in seasoned mortgages offered by a single 
thrift institution seeking to restructure its balance sheet. The sale 
was not part of the regular flow of mortgages offered to the FNMA. 
The securities would not be delivered for several months. Given that 
the FNMA does not know when it will be allowed to enter the capital 
market and what its borrowing costs will be, what bid should it make 
on such a batch of mortgages? Too low a bid will be unsuccessful 
in obtaining the mortgages. Too high a bid will be unprofitable. This 
phenomenon generates the need for risk management. 

If a regular flow of securities were offered to the FNMA but its 
borrowing costs were cyclical around a given mean, the risks would 
be manageable. It could bid at a rate equal to its mean borrowing 
costs plus a markup. Movements in actual borrowing costs would 
average out, and the net spread between lending and borrowing 
rates could be expected to be profitable. 

When there are discrete, lumpy batches of mortgages offered, 
the FNMA cannot price the batch at the mean borrowing cost plus 
a markup. If borrowing costs exceed the mean when the FNMA goes 
to market, it has no reason to believe that there will be an equally 
large subsequent offer that will be financed at a borrowing cost below 
the mean. Risk management techniques are essential to cope with 
the unpredictable offers of seasoned mortgages. 

The Profit and Behavioral Equations When There Is No Futures 
Market. In this section the optimization of the FNMA when there 
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is no futures market is described. The effects on the mortgage market 
of this decision are contrasted with the effects of the optimization 
that results when the FNMA is able to use futures markets in treas
uries. 

Equation 52 describes the profits, TTN(0), when there is no (N) 
futures market. 

< ( 0 ) = [P*(0) - (1 - g)p(t)]s(t) (52) 

where ir£,(0) = profit at time 0 when there is no (N) futures market; 
p(0 = forward bid price by FNMA for mortgages; P*(0) = sales price 
at time 0 of FNMA debentures of the same maturity as the mortgages; 
s(f) = face value of mortgages purchased at time t; gp(t)s(t) = fees 
charged by FNMA on the value, p(t)s(t), of purchases; EP(Q; t) = 
expectation, at time t, of the price of FNMA debentures marketed 
at subsequent date 0; * = stochastic variable; and var P = variance 
of price P of FNMA debentures. 

At time t - 1, the FNMA agrees to purchase face value s(t) of 
mortgages at forward price p(t) for delivery at time t. Some time 
later, on a day in the month assigned to it by the Treasury, 0, the 
FNMA goes to the capital market to sell its securities to finance the 
purchase. Assume that the maturity of the FNMA issue corresponds 
to the maturity of the mortgages purchased forward. Let the price 
of an FNMA debenture at time 0 be P*(0). Although the FNMA holds 
the mortgages as investments, in effect in this case it is equivalent 
to selling the mortgages for P*(0)s(f). Both the date of the borrowing, 
0, and the price received for the debenture, P*(0), are unknown at 
the time the forward commitment to purchase the mortgages is made. 

The FNMA will receive fees of 100g percent of the mortgage 
from the seller. When there is no hedging, the profits are given by 
equation 52. The risks are that the price, P*(0), of FNMA debentures 
may fall below p(t), the forward commitment price. All the risk is 
focused on what will happen on one day of the month when the 
Treasury permits the FNMA to borrow. During the period when 
interest rates were stable, this risk was not great. The FNMA could 
expect to profit from the fees, gp(t)s(t), plus the spread, [P*(0) -
p(0]s(0, between the sale price of FNMA debentures and the forward 
purchase price of the mortgage when the durations were similar. 

The amount of mortgages that the FNMA can successfully 
purchase, s(f), depends on the price, p(t), that it is willing to bid. It 
competes against dealers and investors all over the world for the 
purchase of mortgages. It must trade off volume, s(0, against the 
spread, P*(0) - p(t), between the selling price, P*(0), of its debentures 
and the forward price, p(t), offered to sellers. Equation 53 describes 
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the supply of mortgages to the FNMA at time t. The quantity, s(t), 
of both the regular flow of new mortgages and the irregular, lumpy 
sales of seasoned mortgages depends on the forward bid price, p(0, 
and other variables. Expository complexity is greatly reduced by 
writing the supply at time t as equation 53. 

s(t) = cp(t) (53) 

The profit function is equation 54, derived by substituting equa
tion 53 in equation 52. 

< ( 0 ) = P*(0)cp(O - (1 - g)cp(t)2 (54) 

Expected profits, ETTN(0), are given by equation 55, and the variance 
of profits, var TTN, by equation 56. 

ETTN(0) = EP(0; r)cp(f) - (1 - g)cp(02 (55) 

var -rrN = [cp(0]2 var P (56) 

Risks, measured by the variance of profits, depend on the size of 
the forward commitment to purchase mortgages, s(f) = cp(t), and 
the variability of the price of FNMA debentures, var P, that are used 
to finance the purchases. 

It is hypothesized that the FNMA acts as if it attempts to maxi
mize the expected utility of profits from transactions, ELT[TTN(0)], as 
described by equation 57. 

Max ELT[TTN(0)] = ETTN(0) - £ var TTN(0) 
2 (57) 

p(0 
where a is its coefficient of risk aversion. 

The FNMA's problem is to select a forward bid price, p(0, for 
mortgages offered to maximize expected utility. It has an expectation, 
EP(Q; t), of what the market price of its debentures will be when it 
is allowed to go to market. The variance of that price, var P, is the 
risk it faces. 

The solution of the problem is described in the equations below 
and is graphically presented in figure 3-6. The forward bid price, 
p(0, is plotted along the horizontal axis. The expected price of FNMA 
debentures, EP(Q; t), or marginal revenue, MR, marginal cost, MC, 
and endogenous marginal risk premium, RP, are plotted on the 
vertical axis. 

The net price that the FNMA expects to receive from the sale of 
its debt in the capital market is EP(Q, t). It is the horizontal line 
denoted MR, and it is the left-hand side of equation 58. The marginal 
cost of acquiring the mortgages from the mortgage bankers or savings 
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FIGURE 3-6 
FORWARD BID PRICE BY THE FNMA FOR MORTGAGES 

MC + RPN 

MC + RPF 

£P(6;0 

NOTE: The FNMA selects a forward bid price for mortgages, p, at the point where 
the expected price of an FNMA debenture marketed at uncertain time 9, denoted 
EP(8;r), is equal to the marginal cost of purchasing the mortgages forward, MC, plus 
a risk premium, RP. When there are no facilities for hedging, the risk premium is 
RPN, the forward bid price is pN, and the FNMA purchases sN of mortgages forward. 

When the FNMA uses the futures market optimally, the forward bid price is pF, 
and sF oi mortgages are purchased forward. If there were no risk premium, the forward 
bid price would be p0, and s0 of mortgages would be purchased forward. The ratio 
of p„ to p0 is 1/(1 + 8N). The ratio of pF to pN is (1 + 8N)/(1 + hF). 
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and loan institutions is the line labeled MC. If no fees were charged 
by the FNMA (g = 0), the average cost of a mortgage acquired would 
be p dollars per dollar of face value. Because FNMA purchases affect 
the market price of mortgages, the marginal cost is 2p dollars. When 
fees are taken into account, the marginal cost is 2(1 - g)p(t) dollars 
per dollar of face value of mortgages purchased. This is the first term 
on the right-hand side of equation 58 and the line labeled MC in 
figure 3-6. 

The FNMA must charge an endogenous risk premium, acp(t) 
var P, because of the risk that it faces in marketing its debentures. 
The risks are that it does not know when it will be permitted to enter 
the market to finance its securities or the price that its securities will 
sell for at the uncertain date. When the FNMA cannot hedge, the 
risk premium, RPN, is the second term on the right-hand side of 
equation 58. Adding the risk premium, RPN, to the marginal cost, 
MC, gives line MC + RPN, the effective marginal cost to FNMA for 
mortgages. 

EP(Q; 0 = 2(1 - g)p(t) + acp(t) var P 
MR = MC + RPN K ' 

The optimal bid price, pN(0, in figure 3-6 is described by equa
tion 59. It satisfies the condition that marginal revenue is equal to 
marginal cost plus an endogenous risk premium. 

PN(t) = =7: r - r ^ 5 (59) 
2(1 - g) + etc var P 

By bidding price pN, the FNMA is able to acquire sN mortgages 
during the time period. Thus the market interest rate on mortgages 
(on a discount basis) is 100 — pN. This rate determines the rate of 
residential construction, the major part of net private fixed invest
ment. 

A similar situation exists in the GNMA market. Intermediate 
between the builders and the institutional investors are the mortgage 
banks and savings and loan institutions, which make initial contact 
with the builders and may offer forward bid prices for the mortgages. 
A period of time is required before the banker assembles a pool of 
mortgages for conversion into GNMA certificates. Such certificates 
are issued by private mortgage lenders against specific pools of mort
gages insured by the Federal Housing Administration (FHA) or guar
anteed by the Veterans Administration (VA). The resulting GNMA 
certificates are highly marketable in the secondary market. The mort
gage bankers and savings and loans face risks on the price at which 
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they will be able to sell the GNMA certificates several months after 
they have made forward commitments to purchase mortgages from 
the builders. Here the mortgage banker is in a situation similar to 
that of the FNMA. 

Another dimension of the GNMA problem is this. Some insti
tutional investors have relatively steady cash flows. They may enter 
into forward commitments with the mortgage bankers to buy GNMA 
mortgages at fixed prices, several months before the mortgages can 
be assembled and delivered. In that case the mortgage banker sets 
a forward ask price on the GNMA certificate but does not know at 
what price he will be able to purchase the underlying mortgages. 
Ideally, he acts as a broker by quoting a bid price for forward delivery 
from the builder and simultaneously quoting an ask price for forward 
sale to the investor. If that happens, he has no uncovered position. 
Such a balancing is unlikely, so that the risk situation in the GNMA 
market is mathematically similar to that described for the FNMA. 

When interest rates became more volatile, the FNMA had two 
ways to cope with the uncertainty. First, it could preborrow the funds 
at the earliest possible date after t — 1, when the forward purchase 
commitment was made. There were two difficulties with this proce
dure: (1) The FNMA could still come to market only once a month 
at a date determined by the Treasury. In the interim, bond prices 
could fall. (2) Preborrowing precludes the opportunity to take advan
tage of favorable market changes from commitment time, t - 1, to 
time t, when the mortgages are actually delivered. Preborrowing 
thus removes timing flexibility to avoid some interest rate uncer
tainty. 

Second, the FNMA could engage in "homemade hedging." At 
the time the forward purchase commitment was made, it could sell 
Treasury bonds short at price I(t). It would invest the funds at the 
Treasury bill rate but must pay interest at the Treasury bond rate to 
the owners of the bonds. The magnitude of this difference depends 
on the shape of the Treasury yield curve. At the uncertain time 0 
when the FNMA enters the capital market, the debentures are sold 
for P*(0), and the Treasury bonds are purchased at T*(0). Since the 
price of FNMA debentures is highly correlated with the price of 
Treasury bonds, homemade hedging reduces risk. This is a feasible 
strategy to reduce risk, but it has some deficiencies: (1) FNMA sales 
or purchases of large quantities of Treasury bonds in the over-the-
counter market are quite noticeable to the other market participants. 
The identity of the seller is quickly revealed, and there is often a 
perceptible effect on the market price. The FNMA loses its anonym
ity, which it values, and has power over the market price. (2) A fee, 
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whose magnitude depends on the availability of the coupon to borrow, 
is usually charged to borrow securities that are sold short. The fee 
may be as high as 0.5 percent of the coupon borrowed. 

Risk Management with Futures Markets. A superior risk manage
ment strategy was implemented in 1982, when the FNMA began 
taking positions in the futures market to hedge against interest rate 
increases between time t — 1, when the forward commitment was 
made to purchase mortgages, and the specific time, 0, when it is 
allowed to enter the capital market to borrow to finance its purchases. 
At any time between time t — 1 and the uncertain time 0, the FNMA 
sells x(t) of futures contracts on treasury bonds, treasury notes, treas
ury bills, certificates of deposit, or Eurodollars, depending on the 
maturity of the subsequent financing that it has in mind. Let the 
price of the future be fT(t), where T is the maturity of the contract. 
Assume that the FNMA sells the Treasury-bond future in the nearby 
maturity. When the Treasury permits the FNMA to borrow on day 
0, the hedge is lifted at price /*(0). For simplicity of exposition, 
transactions costs on the debentures and on the futures are ignored. 
Profits, iTf(0), are described by equation 60. 

<(0) = [P*(0) - (1 - g)p(t)W) - x(t) [#(8) - fT(t)] (60) 

Two elements of risk must be taken into account. First, there is 
a differential, ea(0, between the price, 1(f), of a Treasury bond and 
the price, P(t), of an FNMA debenture of comparable maturity. This 
differential is positive but not constant. The average value of the 
differential is m, and its variance is var E1. 

P(0) = 1(0) - El(0) (61) 

where P(0) = price of an FNMA debenture; 1(0) = price of a compa
rable Treasury security; Ej(0) = price differential = T(0) - P(0); and 
Ee^O) = m. 

The Treasury borrows at a lower rate than the FNMA, but the 
differential is not constant. On the basis of secondary market quota
tions of the comparative yields on securities, the spread between 
FNMA and Treasury securities on similar maturities is given in table 
3-7. The variance of the spreads is apparent. 

Second, the futures price at time t of a Treasury-bond contract 
that matures at time T, denoted fT(t), is equal to the cash price, 1(0, 
of the Treasury bond plus the net cost of carry from time t to maturity 
date T of the futures contract. The net cost of carry depends on the 
shape of the yield curve on treasuries, since the net cost of carry is 
the short-term rate less the bond interest rate. The net cost of carry 
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TABLE 3-7 

DIFFERENTIAL BETWEEN FNMA AND TREASURY INTEREST RATES, 

SIX MONTHS AND FIVE YEARS, AND U.S. TREASURY BOND YIELD, 

1981-1983 
(percent) 

1981 
1982 
1983 

Mean 
Standard deviation 

Differer 

Six months 

1.09 
0.70 
0.17 
0.653 
0.462 

dial 

Five years 

0.82 
0.64 
0.29 

U.S. Treasury 

Bond Yield, 
Three-Year 

14.44 
12.92 
10.45 
12.603 
2.014 

SOURCES: Federal National Mortgage Association, Guide to FNMA Debt Securities, March 
1, 1984, p. 11; and Economic Report of the President, 1985, table B-66. 

from t to T can be positive, zero, or negative depending on whether 
the yield curve is negatively sloped, flat, or positively sloped. 

Earlier, the relation between the futures price, fT(t), and the cash 
price, 1(0, of a Treasury bond was shown in equation 12, repeated 
here as equation 62. 

fT(t) = T(0[1 + E,r(t,T)] = l(t)[l + r(t) + Etr(t + 1,T)] (62) 

w h e r e Etr(t,T) is the expected net carrying costs from the present 
t ime, t, to the matur i ty of the futures contract at time T, and r(t) is 
the net carrying cost from t to t + 1. The change in the futures price 
is related to the change in the cash price by equat ion 14, repeated 
here as equat ion 63, and abbreviated as equat ion 64. 

fT(t + 1) - fT(t) = [I(t + 1) - 7(f)(l + r(f))] + E2 (63) 

A/Y = A7 + E2 (64) 

The variance of E2 is the "basis r isk," which arises primarily from 
unexpected changes in the yield curve. The latter changes the relation 
be tween the cash price, 7(0, and the futures price, fT(t). 

Insofar as the re turn , AT, on the Treasury b o n d is i n d e p e n d e n t 
of the basis risk, the variance of the change in the futures price can 
be wri t ten as equat ion 65, (which is equat ion 16 of Chapte r Two). 

var A/ r = var AT + var E2 (65) 

Estimates of equat ion 63, the relation be tween the change in the 
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TABLE 3-8 
INDEXES OF CASH PRICE OF TREASURY BONDS AND MARCH FUTURES 

ON TREASURY BONDS, JANUARY 1983 

Date 

3 
4 
5 
6 
7 

10 
11 
12 
13 
14 
17 
18 
19 
20 
21 
24 
25 
26 
27 
28 
31 

Mean 
Variance 

Cash Price, 
Treasury Bond 

I(t) 

102.51 
101.57 
101.49 
100.73 
101.67 
100.70 
101.44 
101.56 
101.53 
101.49 
101.25 
100.55 
99.54 
99.54 
98.56 
97.53 
98.45 
97.47 
98.39 
97.49 
96.57 

100 
3.1894 

Future Price, 
Treasury Bond 

h(t) 

102.43 
101.77 
101.32 
101.20 
100.99 
100.83 
101.28 
101.61 
101.49 
101.40 
101.36 
100.95 
99.71 
99.84 
98.52 
97.65 
98.23 
97.24 
98.02 
97.41 
96.75 

100 
3.2407 

SOURCE: Chicago Board of Trade, 1983 Statistical Annual (Chicago: Board of Trade, 
1984), pp. 51, 79. 

futures price, A/T = fT(t) - fT(t - 1), and the change in the cash 
price, T(0 - T(f - 1), will convey an idea of basis risk, e2. 

Many different Treasury bonds can be delivered against the 
nearby futures contract on Treasury bonds, provided that they mature 
at least fifteen years from the delivery day if not callable. Each coupon 
has a different conversion factor. To make the data comparable, fT(t) 
and 1(0 are expressed as index numbers in table 3-8. The mean value 
for the month is defined as 100. Column 1 is the index of the cash 
price of a Treasury bond during January 1983, column 2 the index 
of the price of the March futures contract on Treasury bonds. On a 
day-to-day basis the net carrying cost, r(0, can be disregarded. 
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Over the twenty-one trading days of January 1983, the index of 
the March future, f3(t), and the index of the cash Treasury bond, I(t), 
are very closely related (equation 66). 

/3(0 = 0.288 + 0.99711(f) R = -9785 

(s.e.) (0.0339) n = 21 (66) 

The correlation between the two indexes is almost perfect: 98 
percent of the variance of the March future is associated with the 
variance of the cash price. Moreover, a 1 percent deviation of the 
index of the cash price from its mean is associated with a 1 percent 
deviation of the March futures index from its mean. 

Day-to-day changes in the index of the cash bond and the nearby 
March future are less closely related. This is equation 67, which 
corresponds to equation 63. 

[/3(0 - W - 1)] = -0.0903 + 0.652[T(0 - I(t - 1)] 

(s.e.) (0.1787) (67) 

R2 = .66, n = 20 

Several points are worthy of note: (1) Only 66 percent of the 
day-to-day variation in the futures price is associated with day-to
day changes in the cash price. (2) A one-percentage-point change in 
the cash price is associated with less than a one-percentage-point 
change in the nearby futures price. The basis risk, var E2, can then 
be estimated as 1 - r2 = 1 - 0.66 = 0.34 of the variance of the 
change in the futures price, var A/. Alternatively, the ratio 

var e2 1 - r2 0.34 
y2 = = ;— = = 0.515 Y2 var I r2 0.66 

is the ratio of the basis risk to the risk on Treasury securities. Hedging 
is not a riskless operation. 

The FNMA is assumed to maximize the expected utility of prof
its, equation 68, from the transactions. The relevant profit equation 
is equation 60 subject to three constraints. (1) The supply of mort
gages offered during the period depends on the forward price bid 
by the FNMA. This is equation 53, which varies by period. (2) The 
price of an FNMA debenture is equal to the price of a Treasury bond 
of comparable maturity less a variable differential. This is equation 
61. (3) Finally, the change in the nearby futures price of a Treasury 
bond is equal to the change in the cash price of the underlying bond 
less a positive or negative cost of carry, depending on the shape of 
the yield curve. This is equation 63 or 64. The exact specifications of 
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these equations are made to bring out the main results simply and 
clearly, whereas the more complex actual relations do not change 
the qualitative results. 

Substitute equations 53, 61, and 63 in profit equation 60 to derive 
the crucial equation 68 for the FNMA: 

TT*(0) = x(t)I{t) - [m + (1 - g)p(0]s(0 deterministic 

+ [s(0 - *(O]T*(0) diversifiable risk 
- S ( O E I ( 0 ) ) differential risk 
-x(f)e5(8) basis risk (68) 

s(0 = cp(0 supply of mortgages 

There are four components to the profits of the FNMA when it 
can use the futures market. The first component is deterministic (that 
is, nonstochastic). This term reflects the profits of the FNMA if (1) 
it hedged its forward purchases completely, (2) the differential between 
Treasury and FNMA debentures were constant at its average value 
m, and (3) there were no basis risk. Insofar as hedging is not complete, 
x(t) differs from s(t). 

The second term is the value of the unhedged position, s(t) — 
x(t), times the uncertain price, T*(0), of the Treasury debenture at the 
uncertain time, 0, when the FNMA is permitted to go to market. 
This risk is diversifiable, since the FNMA can select its optimal 
unhedged position. 

The third term is the risk related to E?(0), the price difference 
1(0) - P(0), between Treasury and FNMA debentures when the 
FNMA goes to market at uncertain time 0. 

The fourth term is the basis risk, EJ(0), from hedging, whereby 
the futures price on treasuries changes by an amount different from 
the change in the cash price of treasuries. As discussed above, basis 
risk results primarily from changes in the yield curve on treasuries. 

Expected profits, EirF(0), and the variance of profits, var TTF, 
when the FNMA can use the futures (F) market in treasuries opti
mally, are equations 69 and 70. 

ETTF(0) = x(0/(0 - [m + (1 - g)p{t)]s{t) + [s(0 - *(0]E'(e;0 (69) 

var irF = [s(0 - x(t)]2 var T + s(02 var EX + x{t)2 var E2 ^ 

risk = diversifiable risk + differential risk + basis risk 

Equation 71 gives the ratio of the risk to the FNMA to the risk 
of price changes on Treasury debentures. This is practically identical 
with the dealer equation 21, with two changes. Here yt is the risk, 
var e,, concerning the price differential between Treasury and FNMA 
securities, in relation to the variation in the price of Treasury secu-
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rities, and the beta between P(0) and T(0) is unity. Therefore, equation 
71 is graphed in figure 4 - 3 . 

^^f = [s(0 - x(0]2 + s(02 7! + x(t)2 y2 (71) 
var T 

where y-, = var Ej/var I = differential risk; and y2 = var E2/var T = 
basis risk. 

The FNMA simultaneously selects a forward price, p(f), to bid 
for mortgages and a quantity, x(t), of Treasury bond futures to be 
sold (+) , to maximize expected utility. Formally, the optimization is 
as follows: 

Max ELT(TTF) 

p(0,x(0 
(72) 

subject to equations 53, 69, and 70. The resulting solution for the 
optimal forward bid price by the FNMA is equation 73. A derivation 
is in the appendix. 

PF(1) = 2(1 - g) + ac(y1 + 72)var T 

EP(0;O 
2(1 - g) + ac(y1 + 72)var T 

(73) 

A graphic analysis of this solution and a comparison with the 
situation that prevails when the FNMA cannot use the futures markets 
are the subject of the next section. This is the essence of the analysis. 

The Effects of the Optimal Use of Futures on the Rate of Capital 
Formation in Housing. When the FNMA cannot hedge, the situation 
is described by equation 59 and curve MC + RPN in figure 3-6. The 
risk premium, RPN, is added to the marginal cost to obtain the 
effective cost curve. The FNMA bids price pN for the forward purchase 
of mortgages. This is the effective price of the mortgage to the seller, 
or 100 - pN is the mortgage rate (on a discount basis) to the borrower. 
At this price sN of mortgages are offered to the FNMA. 

When the FNMA uses the futures market optimally, the situation 
is described by equation 73. This equation can be written as equation 
74, which can be compared with equation 58. 

EP(0; 0 = 2(1 - g)pF(t) + ac(yx + 72)var T • pF(t) ( 7 4 ) 

MR = MC + RPF 

The right-hand side of equation 74 is the middle curve in the figure. 
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The risk premium, RPf, when the futures market is used opti
mally depends on the risks of variations in the differential between 
the prices of FNMA debentures and Treasury securities, yx var I, 
and the basis risk, y2 var T, concerning movements of cash and future 
Treasury securities. In contrast, the risk premium, RPN, when the 
FNMA cannot hedge depends on the variance (var P) of the price 
of FNMA debentures. Since the sum of the two differential risks, 
(7i + 72) v a r L is much less than the absolute risk, var P, the risk 
premium with futures, RPF, is much less than RPN, the risk premium 
when hedging is not used. That is why curve MC + RPF is below 
MP + RPN. 

With futures the equilibrium point is F. The FNMA bids price 
pF for the forward purchases of mortgages. The risk premium, RPF, 
is distance FT, and the marginal cost is pFF' At forward bid price 
pF the mortgage bankers and savings and loan institutions offer the 
FNMA quantity sF of mortgages during the time period. The interest 
rate to the borrower (on a discount basis) has been reduced from 
100 — pN to 100 — pF through the use of futures markets. Thereby 
the rate of capital formation in housing increases. 

Quantitative estimates can be given for the reduction in the risk 
premium or rise in the forward bid price by the FNMA for mortgages. 
Compare point pN(t) in equation 59 with pF(0 in equation 73, or as 
shown in the figure. 

Equation 59, repeated here, is the forward bid price if no hedging 
is possible. 

EP(%; t) 
m ' 2(1 - g) + etc var P 

If there is no risk or risk aversion (a var P = 0), the forward bid 
price is P0(t) in equation 75. In the figure it is the point where the 
marginal cost is equal to the marginal revenue. 

Using equation 75 in (59), the forward bid price when there are no 
facilities for hedging can be expressed as equation 76. 

M0 = m = jfr (76) 
r etc var p 1 + 5N 

1 + -

2(1 " g) 

etc var P .__. 
8~" W^J) (77) 
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Discount factor 8N is applied to the no-risk bid price, p0{t), to obtain 
the forward bid price, pN(0, when the FNMA cannot hedge. 

When the futures market is used optimally, the forward bid 
price, pF(0/ equation 73, can be written as equation 78, using equation 
75. 

pF(0 = m = -2&L (78) 
F F K > ac(7 l + 72)var I 1 + 8F 

2(1 - g) 

ac(y1 + 72)var T 
8 f = 2(1 - g) ( 7 9 ) 

Discount factor 8F is now applied to the no-risk forward bid price, 
p0(0, to obtain the price that the FNMA bids forward for mortgages. 

A comparison of the two discount factors provides a quantitative 
estimate of the effect of the use of futures by the FNMA on mortgage 
interest rates. Ratio 8F/8N is equation 80. 

8N 1 + 7 2 

Quantity y1 = var Ej/var I is the variance of the differential 
between FNMA and Treasury prices divided by the variance of the 
price of treasuries. Quantity 72 = var E2/var T is the basis risk in 
hedging divided by the variance of the price of treasuries. 

From regression (15), 72 = 0.515, the basis risk component. An 
estimate of 7J = var e/var T = 0.053 is derived from table 3-7. 
Using these estimates: 

8F 0.515 + 0.053 „_„„ 
t = 1.053 - = ° - 5 3 9 ( 8 1 ) 

Hence the discount factor used by the FNMA when it can hedge on 
the futures market is only 54 percent of what it would use if it could 
not hedge. 

On the basis of the previous analysis, the ratio of the price that 
the FNMA can bid forward for mortgages when it uses the futures 
market optimally, pF(t), to what it could bid if no hedging were 
possible is equation 82. 

pF(0 1 + 8, 

pN(0 1 + 8F 

Using the estimates in equation 81, the price ratio is equation 83. 

(82) 
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FORWARD BID PRICES 

OPTIMAL USE 

&N PJPo 
(1) (2) 

0.1 0.909 
0.2 0.833 
0.3 0.769 

TABLE 3-9 
FOR MORTGAGES ASSOCIATED WITH THE 

OF FUTURES MARKETS BY FNMA 

PF>PN PF'PO 
(3) (4) 

1.044 0.949 
1.083 0.902 
1.119 0.861 

NOTE: 5 N is the discount rate for risk when FNMA cannot hedge; pN is the forward 
bid price when no hedging is possible; p0 is the bid price in the forward market for 
$1 face value of a mortgage when there is no risk; pF is the forward bid price when 
the futures market is used optimally. 

M) =
 1 + SN ( 8 3 ) 

pN(0 1 + 0.53938N 

Table 3-9 contains estimates of this price ratio for several risk 
premiums, 8N, that the FNMA might use if it could not hedge. If 
the risk premium, 8N, used by the FNMA were 20 percent (row 2) 
when it cannot hedge, it would bid 83.3 percent of the face value of 
the mortgage. If it could use the futures market optimally, it could 
increase its bid price by 8.3 percent (column 3) to 90.2 percent of the 
face value of the mortgage (column 4). In this way mortgage rates 
to the builder are lowered, and capital formation in housing is 
increased. 

The distinction between these two cases is extreme. Homemade 
hedging was used by FNMA before the development of a futures 
market. Hedging can be homemade by selling Treasury bonds short, 
or it can be done by selling Treasury-bond futures. The futures 
market is more liquid than the cash market. A quantity of $100 million 
to $200 million can be traded "more quietly" in the futures market 
than, in the cash Treasury-bond market with little effect on the market 
price; and anonymity is preserved in the futures market, which is 
an auction market. This is less true in the over-the-counter Treasury-
bond market. When the FNMA comes to market on its day of the 
month, it sells from $500 million to $2 billion of debentures. Because 
of its size, it prefers the futures market to homemade hedging. The 
net effect is that the forward price that the FNMA can offer to savings 
and loan associations is pF(0 when it hedges in the futures market, 
point pN(f) if it is unable to hedge (figure 3-6). With homemade 

181 

© 1985 by the American Enterprise Institute for Public Policy Research, Washington, D.C. All rights reserved. 



CAPITAL FORMATION 

hedging, the forward bid price would be between pN(0 and pF(0- In 
this manner hedging in general, and futures markets in particular, 
stimulate capital formation in residential housing. 

The Uses of Financial and Stock Index Futures by 
Institutional Investors 

An important development of the past decade is that the financial 
assets of the private sector are controlled by institutional investors 
and managed by professional money market managers. As a result 
of the 1974 pension fund reform law—the Employment Retirement 
Income Security Act (ERISA)—and inflation, pension fund assets 
have more than tripled since 1971. 

Table 3-10 shows the annual savings by individuals that are 
invested in financial assets and the part invested in insurance and 
pension reserves. From 1973 to 1983 the fraction of savings invested 
in financial assets that was placed in insurance and pension reserves 
rose from 25.8 percent to 34.2 percent. Annual savings in insurance 
and pension funds grew at a rate of 13.8 percent per year during 
this period. Inflation of the personal consumption deflator was 7 
percent per year, so that the real growth of this form of savings was 
also 7 percent per year. 

During this ten-year period, the growth in the S&P composite 
index was 4 percent per year, and the average dividend-price ratio 

TABLE 3-

SAVINGS BY INDIVIDUALS 

Saving by individuals during the 
increases in financial assets 
($ billions) 

Saving invested in insurance and 
pension reserves ($ billions) 

Percentage of saving in insurance 
pension reserves 

S&P composite index 
Personal consumption deflator 

(1972 = 100) 
Average dividend-price ratio (%) 

-10 

A N D T H E I R RETURNS, 1973-1983 

year: 

and 

1973 

150.3 

38.8 

25.8 
107.43 

105.7 
4.9 

1983 

450.1 

154.0 

34.2 
160.41 

213.6 

Growth Rate 
(%) 

11 

13.8 

4 

7 

SOURCE: Economic Report of the President, 1985, tables B-26, B-90, B-3. 
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was 4.8 percent. The real pretax return on equity was (8.9 - 7 = 
1.9) less than 2 percent. The low pretax return and the growth of 
pension funds have created a keen competition among money 
managers to achieve maximum returns for a predetermined amount 
of exposure. In fulfilling the role of fiduciary or trustee, the director 
of the investment program is obligated to manage risk prudently. 

This section describes why and how institutional investors have 
been using futures markets in stock market indexes and financial 
instruments and analyzes their optimization decisions. My conclu
sions can be summarized as follows: (1) Fund managers purchase or 
sell portfolios of securities on the basis of their expected relative price 
changes. (2) The principal sponsor and the fund managers purchase 
or sell futures on a broad-based index to benefit from or to avoid 
expected market changes. (3) Rapid and transitory changes in desired 
total risk for a trust or a fund are achieved by selling or purchasing 
futures, not by transactions in the underlying securities. This strategy 
is feasible because the sale or purchase of futures on a broad-based 
index is equivalent to the sale or purchase of the securities in the 
index but does not affect the market prices of the securities. Futures 
transactions have low costs and do not interfere with the difficult 
and arduous process of selecting securities. 

Through the use of financial and stock index futures by insti
tutional investors, the trust or fund achieves a higher expected return 
on transactions for a given risk. Secondary markets in equities and 
fixed-income securities thereby become more liquid, a dimension not 
captured by the portfolio models in the literature. Insofar as savings 
per unit of time of the private sector are affected by the liquidity of 
the secondary market, the new futures markets in equities and Treas
ury securities tend to increase savings and investment in risky assets. 

Institutional Framework: The Behavioral Equations. The institu
tional investor is most easily understood by considering two agents: 
a trustee or fiduciary who is the principal sponsor of pension funds 
and the fund manager. The principal sponsor may manage one part 
of the fund himself and assign the rest to several fund managers. 
Each manager claims to have special expertise in selecting securities. 
One may have particular expertise in the securities of new corpo
rations, another in "junk" bonds of firms in financial difficulties 
whose securities are believed to be undervalued by the market, another 
in the stocks of corporations engaged in innovation. The principal 
sponsor hopes to benefit from those special talents. Each fund manager 
selects a portfolio of securities and actively manages it in what he 
believes is an optimal manner. The trustee or principal sponsor 
distributes the assets among funds. 
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The process of institutional investment has two aspects: (1) each 
fund must be managed optimally; (2) the principal sponsor must 
manage the entire trust optimally. Each fund manager attempts to 
achieve an optimal combination of expected return and risk. The 
principal sponsor wants to achieve an optimal combination of expected 
return and risk for the entire trust or pension fund. The optimal risk-
return point may fluctuate considerably from month to month or 
even week to week. My aim here is to show how these tasks are 
made considerably easier by the use of futures markets. 

Risk Management Choices of Dynamic Adjustments. I use two 
examples to explain the dynamic adjustment aspects of risk manage
ment. Although the cases are symmetrical, I explain them separately 
and in slightly different ways. Figure 3-7 describes the risk-return 
possibilities facing either the fund manager or the principal sponsor. 
The vertical axis represents expected returns to the entire fund or 
trust, and the horizontal axis measures the corresponding risk, reflected 
by the standard deviation. Curve TT' is the subjective transformation 
curve of the trust or fund, which can be achieved through different 
combinations of portfolios. Let r be the Treasury bill rate, which is 
risk free in nominal terms. The subjective risk-return on the index 
(S&P 500 or bond index) is point T. 

Suppose that a principal sponsor decides to change a fund manager 
whose performance at point A has been disappointing. The fund 
portfolio must be sold, and a new manager must be found and must 
acquire a portfolio. Alternatively, as pension money continues to 
flow into a trust, the principal sponsor must decide how to distribute 
it among the existing funds or whether to hire another fund manager. 
In either case the fund manager must decide on the optimal portfolio 
to acquire. What is common to both cases is that the principal sponsor 
either does not want to decrease risk and return exposure to the 
market during a given period as one fund is being liquidated for 
cash or wants to maintain a risk-return exposure to the market as 
pension funds are being accumulated during a given period. 

In the first case several basic choices are possible. The principal 
sponsor can allocate the funds realized from the sale of the portfolio 
that is being liquidated to different fund managers in various propor
tions. He would like time to decide how to allocate the funds among 
managers, and each manager would like time to decide on his invest
ment strategy. If this time is taken, the funds will be invested in 
highly liquid, safe, but low-yielding assets such as Treasury bills 
until the portfolio selection decisions are made. During this interval 
the principal sponsor loses exposure to the market. Graphically, if 
the funds are invested in Treasury bills during the interim, the fund 
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E X P E C T E D R E T U R N A N D R I S K O F A F U N D O N A P O R T F O L I O 

Expected r e tu rn 

Risk 

NOTE: If there were no adjustment costs, the fund could move from point M to point 
B. With adjustment costs, the sale described would move the fund to point D. The 
faster the attempt to reduce risk, the greater the distance between points D and B. 
By selling futures on the index but keeping portfolio M, the fund moves to point C. 
The difference between points C and B is due to lower transactions costs on futures. 
The portfolio M is expected to appreciate by E more than the index, point 1. 

would be at point r while the market is subjectively expected to be 
at point T. This is a problem if the principal sponsor believes that 
the market will appreciate more than the Treasury bill rate. 

If, to obtain market exposure quickly, the principal sponsor or 
fund manager fails to take the needed time and effort in selecting 
stocks, it is unlikely that the hastily chosen investment will earn the 
market rate of return. He believes that, with a carefully formulated 
investment strategy, he can achieve point M, which is better than 
the market performance, point T. 

A symmetrical situation exists when the principal sponsor or 
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fund manager wants to reduce total risk exposure for a short time. 
In the situation described in the figure, the fund managers have 
selected what they consider to be optimal portfolios at point M. These 
portfolios are expected to appreciate in relation to the market, and 
the fund managers may have investment horizons of several years. 
A manager may have invested, for example, in stocks of firms engaged 
in innovative processes. 

The principal sponsor is generally concerned with quarterly results 
as well as longer-term performance. Suppose he thinks that there is 
greater uncertainty concerning Federal Reserve policy but that it is 
more likely that interest rates will rise than decline in the near future. 
He expects the declines to be of relatively short duration, but he 
wants to avoid the situation that occurred in October 1979, when 
large portfolio losses occurred. Several strategies are available to 
reduce the total risk from cr1 to a2 for a short period. 

The principal sponsor could direct the fund managers to sell 
some of their risky assets or reduce their portfolios by a given 
percentage within a day or two and invest the proceeds in safe assets 
during the period of uncertainty. This would be a temporary move
ment from point M to point B. When the uncertainty was resolved 
within a few weeks or months, the principal sponsor would move 
back to point M, which represents a long-term investment strategy. 
The risk reduction strategy—moving from o-j to u2—is transitory. 

This would be a costly and disruptive strategy. Each fund manager 
has carefully assembled a portfolio on the basis of Capital Asset 
Pricing Model (CAPM) reasoning, where the covariance matrix of 
the returns has been used to determine the optimum proportions of 
the securities. The portfolio includes many securities that the manager 
wants to keep because he believes they are grossly undervalued by 
the market. To be directed to sell off "risky" assets undermines his 
strategy. No longer would the assets be held in optimal proportions, 
and the fund manager would no longer be on his subjective oppor
tunity locus between expected return and risk. 

Transactions costs for the sale and subsequent repurchase of 
equity are considerable. If the value of the portfolio temporarily sold 
to reduce risk were $80 million, round-trip transactions costs would 
be $200,000. This is a very high price to pay to reduce risk for a 
short period. A formal analysis of these problems focuses on equation 
84. 

Let s(0 be the transactions—purchases ( + ) or sales ( —)—per 
unit of time in acquiring or disposing of a portfolio. The sum of s(0 
is the total number of shares acquired or sold, but s(t) is the rate of 
change of a portfolio. 
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In capital theory a distinction is made between the marginal 
efficiency of capital and the marginal efficiency of investment.11 A 
similar distinction is of crucial importance in financial investment. 
The marginal efficiency of investment is described by equation 84. 
The first two terms are the marginal efficiency of capital. The third 
term concerns the rate at which the portfolio has been acquired or 
sold per unit of time; the term is a dynamic adjustment cost. Term 
Ap is the capital gain plus dividends in excess of the Treasury-bill 
rate on the transactions during the time interval. 

Ap = SAT + E - | s (84) 

That is, marginal efficiency of investment = marginal efficiency of 
capital — adjustment costs. 

Each portfolio acquired by a fund manager has a beta (B) that 
describes the relation between the return during the interval t to 
t + 1 on the portfolio of risky assets in excess of the risk-free rate 
(Ap) and the return on the index in excess of the risk-free rate (AT) 
during the same interval. Equation 85 describes the return on the 
index. 

AT = I(t + 1) - (1 + r - V)I(t) (85) 

where s(t) = transactions per unit of time; 1(0 = the value of the 
index at time t; V(t) = the dividend-price ratio on the index; and 
r(0 = the risk-free rate. 

Beta in equation 84 has no normative significance as it has in 
the CAPM but is simply the manager's subjective view of the relation 
between the market excess return, AT, and the excess return on this 
portfolio of securities, Ap. 

Term E—distance TM in figure 3-7—reflects the manager's view 
of unexploited market opportunities that, because of his special 
expertise, he can exploit profitably. One manager may acquire the 
securities of relatively unknown firms developing new technologies. 
He believes that he can successfully bet on which firms will succeed 
or fail, in relation to the market's evaluation. Another manager may 
acquire securities of firms verging on bankruptcy and believes that 
he can select those that will survive. In his view the market has 
discounted those securities at an unduly high risk premium. The 
claimed expertise of the fund manager consists of purchasing positive 
E portfolios or those undervalued by the market. Managers have 
subjective distribution functions of E based on their claimed expertise, 
and they induce plan sponsors to assign parts of the trust to them 
to manage. The first two terms, BAT + E, represent a return on the 
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portfolio. It is the marginal efficiency of capital: the return on a 
"stock" rather than on a "flow." 

The third term in equation 84 reflects the effects of fund trans
actions on the market price of the portfolio. It refers to costs involved 
in rapid acquisitions or sales of portfolios per unit of time. It is of 
fundamental importance in unders tanding how and why fund 
managers and principal sponsors use the futures markets in financial 
instruments and stock market indexes. This element is not captured 
at all by the portfolio models in the literature, because of their focus 
on stocks, which have no time dimensions, rather than on flows per 
unit of time. 

The immediate disposal by managers of an $80 million portfolio 
consisting of 2 million shares at $40 per share will tend to depress 
the average price per share. Travelers Investment Management esti
mated this effect as being between 1/8 and 1/4 of a point, an estimate 
confirmed by other fund managers. This means that the sale or 
purchase of an $80 million portfolio of stocks sold or purchased 
during a short interval (for example, a day) will change its value by 
at least $250,000 (2 million shares x 1/8) and possibly by as much 
as $500,000 (2 million shares x 1/4). Term ys(t)ll describes the change 
in the market price that results from transaction s(0 during the time 
interval. 

Coefficient 7 has several determinants; it measures the adjust
ment costs and consists of the market power of a fund to affect price. 
First, a transaction by a fund during a given interval of time, s(t), 
involves a heterogeneous collection of securities. Some are actively 
traded in broad markets, and others are traded in thin markets. The 
greater the fraction of the transaction consisting of sales or purchases 
of securities with low daily volumes, the greater the effect on the 
market price, and the larger will be 7. Even if all securities had the 
same price elasticity of demand, the larger percentage change in the 
volume of securities sold in thin markets would produce larger 
percentage price declines than for actively traded securities. Second, 
insofar as the fund is selling a nonrepresentative sample of securities, 
the number of other funds or large institutional investors interested 
in acquiring those securities during the time interval may be small. 
The price elasticity of demand over the short interval may be lower 
than that for a representative sample of corporations. Third, a fund 
transaction imparts a bias or negative signal to the market. The sale 
of a portfolio by a manager who is being replaced by a principal 
sponsor conveys a signal to the market that its E is negative. The 
probability that the transaction consists of securities that are currently 
overvalued is high. The dealer or market may therefore absorb these 
securities only at a substantial reduction in price. 
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THE DETERMINANTS OF MARKET POWER TO AFFECT PRICE ON 

TRANSACTIONS PER UNIT OF TIME 

Transactions 
11 

Short interval 

Specialized securities 

Longer interval 
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of index 

Percentage change S i g n a l 

in volume 

I 

1 
Price elasticity 

Adjustment costs, 
7s(f), large 

Adjustment costs, 
ys(t), small 

Figure 3-8 illustrates the determinants of market power: the 
magnitude of adjustment costs, 7s(f), in equation 84. If the interval 
for a given value of transactions is lengthened, transactions per unit 
of time, s(0, decline. The percentage change in volume per unit of 
time is brought to zero, and there is no effect on market price. This 
is the situation implicit in the CAPM and other portfolio models. 

When the interval is short, for example, a day or two, transac
tions per unit of time are large, and the market power depends on 
several factors. If the transactions were in securities considered to 
be a representative sample of the market, there would be little effect 
on price. Insofar as the portfolio of securities is not a representative 
sample of the index of stocks, there would be an effect on market 
price for any or all of the reasons described above. The dynamic risk 
management problem facing institutional investors can be summa
rized in terms of figure 3-7. The faster the manager or principal 
sponsor wants to change the portfolio (from A to M or from M to 
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B), the greater will be the costs of adjustment. The marginal efficiency 
of investment (Ap) is reduced below the marginal efficiency of capital 
(BAT + E) by the costs of adjustment, which are positively related 
to the speed of adjustment. 

Uses of Futures by Institutional Investors. Institutional investors use 
futures in two major ways. First, they engage in arbitrage, which 
permits them to earn at least the market rate of return on the index. 
Second, they use futures to reduce the adjustment costs of temporary 
changes in their portfolios. This raises the marginal efficiency of 
investment for any given marginal product of capital. These two 
factors improve the expected return-risk possibilities offered to savers 
and thereby increase the savings available for risky investment. 

Arbitrage between futures and the index. I have made repeated use 
of the relation between the change in the futures price, A/T = fT (t 
+ h) - fT(t), of a contract that matures at time T and the change in 
the price of the underlying index. Let T denote the maturity date of 
the contract, which is time t + h or later, of length h. The change 
in the futures price, A/T, can be decomposed as equation 86, abbre
viated as equation 87. A discussion of this equation is the subject of 
this section. 

fT(t + h) - fT(t) = [I(t + h)-(l + r - V)I(t)] 

+ {[(1 + r - V)I(t) - /T(0] (86) 

+ UAt + h) - I(t + h)]} 

AfT = AT + T| (87) 

where 

T, = [(1 + r - V)I(t) - fT(t)] + [fT{t + h) - I(t + h)\ (88) 

Term AT (in equation 85) is the first term in equation 86: the 
return on the index in excess of the Treasury-bill rate. The second 
term in equation 86 is the difference between the cost of purchasing 
the index of securities at time t by financing it at the Treasury-bill 
rate and receiving the dividends during the interval, 1(0 (1 + r — 
V), and the price, fT(t), at time t of a futures contract on the index 
that matures at time T. The third term is the difference at time t + 
h between fT(t + h), the futures price of a contract that matures at 
time T, and the value of the index, T(f + h), at time t + h. If time 
T, the maturity of the contract, coincides with time t + h, the third 
term in equation 86 is zero because at maturity the futures price is 
set equal to the index. 
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The second term in equation 86 represents "mispricing" of futures 
and offers a potential gross return to funds, for the following reason. 
There are two ways to invest in the S&P 500 index: (1) buy the index 
of stocks at time t at price 1(0 and receive dividends VI(t); (2) invest 
1(0 in Treasury bills yielding rate r, and purchase a futures contract 
on the index for fT(t). In each case the investment will be worth the 
same amount at maturity, I(T) = fT(t). The gross return from the 
direct investment in the index, R,, and the gross return from the 
indirect investment by buying Treasury bills and purchasing futures, 
RFT, are defined as follows: 

R, - I(T) - (1 - V)I(t) 

RFT - I(T) + rl(t) - fT(t) 

It is obvious that the first term in n, or the second term in 
equation 86, is (RFT - R,), the gross return from purchasing the 
futures contract on the index and investing in Treasury bills less the 
gross return from purchasing the stock index directly. The value of 
n is as follows: 

Tj = (RFT - R,) + [fT(t + h) - I(t + h)] (89) 

If the futures contract is to be held to maturity, the only stochas
tic element in n is the dividend-price ratio, V, on the index. Mispric
ing and the possibility for quasi-arbitrage profits exist when the 
absolute value of n exceeds transactions costs (estimated by Merrill 
Lynch Capital Markets division at 0.5 percentage points). 

If T) is positive, it is profitable (gross of transactions costs) to 
short the index of stocks, invest the proceeds in Treasury bills, and 
purchase the futures. If n is negative, it is profitable (gross of trans
actions costs) to short the futures and invest in the index of stocks. 

To take advantage of mispricing (when the first term in -n in 
equation 88 is not zero), several institutional investors established 
performance index futures funds. In November 1982, for example, 
shortly after stock index futures began to be traded, the State Street 
Bank established a Stock Performance Index Futures Fund (SPIFF-
Plus) to do the quasi-arbitrage. It describes its operations as follows: 

State Street's Stock Performance Index Futures Fund-Plus 
. . . provides a new alternative to conventional index funds 
by investing in stock index futures. Its goal is to outperform 
the market by taking advantage of pricing discrepancies 
between equities and stock index futures [a value of n that 
is not zero]. Overall risk will be similar to the market's risk. 

As such, SPIFF-Plus swaps between stocks and futures 
contracts, depending upon where the opportunity lies. It 
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aims to track the performance of the Standard and Poor's 
500 Index in the worst possible scenario, and to exceed it 
by a measurable margin at best. 

SPIFF-Plus cannot do worse than the Standard and Poor's 500 
index. It returns R, plus the absolute value of n when there is mispric
ing. When there is no mispricing, R, = RFT. During the early period 
it obtained a return 5 to 6 percent above the S&P 500 index. As a 
result of these quasi-arbitrage activities by funds that hold approxi
mations to the S&P 500 index, the absolute value of r\ has declined. 
Nevertheless, funds like SPIFF-Plus still make arbitrage profits, but 
their quasi-arbitrage activities drive the absolute value of n toward 
the transactions costs. 

The third term in equation 86, fT(t + h) - l(t + h), has two 
dimensions. Ordinarily, maturity date T does not coincide with t + 1, 
when the forward transaction is reversed. For example, a September 
contract may be purchased on July 11 and sold on July 18. On the 
latter date there is no reason why the index should equal the price 
of a September future. Consequently, even if there were no mispric
ing, there would be a variance to term n if t + h is before maturity 
date T. The variance of n is referred to as basis risk. 

Second, few arbitragers can afford to purchase all the S&P 500 
stocks contained in the index. A basket of 100-200 stocks is purchased, 
which is a surrogate for the index. Such baskets cost from $25 million 
to $50 million and are good but imperfect approximations to the 
index.12 Even if the futures contract were held to maturity (T = 
t + h), the futures price, / r(T), which is the price of the index, would 
not necessarily equal the value of the surrogate basket. Difference 
fT{T) — I{T), where T(T) is the price of the surrogate basket, is another 
dimension of basis risk. Since transactions costs in futures are very 
low, arbitragers can afford to take this form of basis risk. 

Estimates of the variance of T) (equations 86 and 88) have been 
obtained in at least two ways. Select a futures contract, preferably 
the nearby one, and correlate the change in its price, A/T = fT (t + h) 
- fT(t), with the return on the index, AT(f) = I(t + h) - (1 + r -
V)I(t), over interval h during a sample period. The observations are 
taken over the life of a contract. Let p2

F2 be the product-moment 
correlation between A/T and AT. By construction p7F is the fraction of 
the variance of the change in the futures price that is accounted for 
by the variance of the return on the index, and var n is the residual. 

var AT = p2
F var A/ 

var T) = (1 — p2
F) var Af 
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It follows that the variance of n is a multiple of the variance of AT. 

(1 - P/F) var T) = - -f^- var AT (90) 
P/F 

A second method of estimating var n is to note that n is the 
return on a fully hedged short position in the stock index. Sell the 
index short at time t at price 1(f), and purchase a futures contract 
that matures at time T for price fT(t). Reverse the two transactions h 
periods later. During the interval the proceeds of the short sale are 
invested in Treasury bills, but the dividends are sacrificed. These 
transactions yield a return exactly described by -n in equation 88. 
Estimated returns will depend on h. 

Data are available on the means and variances of unhedged and 
hedged portfolios on the S&P 500 index over different interval lengths 
h. The variance of the unhedged S&P 500 index corresponds to var 
AT, and the variance of a fully hedged portfolio corresponds to var 
T). Table 3-11 presents estimates of the ratio var n/var AT and (using 
equation 90) the associated a2

F for different interval lengths h during 
the last seven months of 1982. 

The table shows that, when the contract is not held to maturity, 
a substantial basis risk (var n) exists on a fully hedged position. 
Correlation pIF is far from perfect over short intervals. Since trans
actions costs are low and liquidity is high in futures, arbitragers can 
afford to take these basis risks. 

TABLE 3-11 
ESTIMATES OF BASIS RISK AND COEFFICIENT OF DETERMINATION 

BETWEEN CHANGE IN FUTURES PRICE AND RETURN ON S&P 500 INDEX 

OVER INTERVALS DURING 1982 

Interval Length (h) 

1 day 
2 days 
3 days 
1 week 
2 weeks 
3 weeks 

SOURCE: var T|/var A/ is the square of <JHICJU for a portfolio consisting of the S&P 500 
that is hedged by a future on the same index, based on Stephen Figlewski, "Hedging 
with Stock Index Futures," Columbia University Center for the Study of Futures 
Markets, CSFM-62, July, 1983, table 1. 
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var T\/var AT 

0.462 
0.221 
0.137 
0.078 
0.068 
0.130 

P?F 

0.684 
0.819 
0.880 
0.927 
0.937 
0.885 
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Liquidity and low transactions costs in futures. Earlier it was stated 
that the immediate purchase or sale of a portfolio of $80 million 
(consisting of 2 million shares at $40 per share) tends to affect the 
average price of a share by an eighth to a quarter. This was described 
by the ys(t) term in equation 84. No such market power term was 
included in the change in the futures price equation, (86) or (87), 
because funds do not have much power to affect futures prices in 
the index. The reasons are those sketched in figure 3-8 . 

First, no signals are conveyed to the market that the fund is 
disposing of overvalued stocks when it sells the future on the index. 
Such a sale cannot convey signals about relative prices of securities. 
Second, an $80 million sale in futures is only 1.9 percent of the daily 
value of S&P 500 futures traded. If a similar sale consisted of subsets 
of stocks, it would constitute much more than a 2 percent rise in the 
daily value traded in that subset. Third, the price elasticity of demand 
for a representative sample of stocks in the S&P 500 should be greater 
than the elasticity of demand for a nonrepresentative subset of those 
stocks. Funds may invest in portfolios that are proxies for the market 
index as well as specializing in different portfolios of stock. If one 
fund is selling a block of a particular stock and another is purchasing 
another block of a particular stock, it is unlikely that what one is 
demanding is what the other is supplying. A price change would be 
required to induce a fund to change its proportions of securities. If 
one fund is decreasing its equity investment in the index by selling 
futures on the index, however, it will be exactly the same future that 
another firm is purchasing to increase its equity investment in the 
index. The futures transaction on the index is equivalent to buying 
or selling the index of underlying securities. Consequently, both 
funds are trading the same homogeneous commodity: a represent
ative sample of stocks. For this reason, no reduction in price need 
be offered to induce the buyer to purchase a different vector of 
securities than initially planned. 

These three reasons explain why there is a market power term, 
7s(0, in equation 84 for the change in the price of portfolios and not 
in equation 86 for the change in the futures price. This is a formal 
way of stating that the futures market in a broad-based index is much 
more liquid than the market for underlying securities (or the market 
in narrow-based subindexes). The raison d'etre of futures markets is 
their greater liquidity than the markets in underlying securities, as 
is explained below. 

Transactions costs of purchases and sales in futures are approx
imately 15 percent of those in the underlying securities. (The follow
ing example was provided by Travelers Investment Management 
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Company.) Suppose that a fund purchased or sold $80 million of 
equity. At an average share price of $40, the transaction includes 2 
million shares. At a commission rate of five cents a share (consid
erably lower than the average for all institutional trades), the one
way commissions amount to $100,000 (2 million shares x five cents 
per share). 

If $80 million of the S&P 500 future were sold, the commissions 
would be substantially lower. With the futures selling for 160, the 
value of a futures contract on the S&P 500 index is $80,000 (160 x 
$500). To sell $80 million, 1,000 futures contracts must be sold. The 
one-way commission rate is $15 per contract, and the total commis
sions for selling $80 million in futures are $15,000 ($15 x 1,000)— 
15 percent of the transactions costs in underlying securities. 

The reason for this difference is the economy of scale. It may 
cost no more to process one futures contract for $80,000 than one 
block of 100 shares at $40 per share. Since bid-ask spreads are not 
standardized, it is difficult to know how they compare in futures 
transactions and those in the underlying securities. Nevertheless, the 
net result is that transactions costs for futures are significantly less 
than for the underlying securities. 

Futures Facilitate Temporary Risk-Return Adjustment and Raise the 
Marginal Efficiency of Investment. Futures markets in the stock 
market index and in Treasury securities reduce the adjustment costs 
of temporary changes in the portfolio of institutional investors and 
thereby raise the marginal efficiency of investment. That is the subject 
of this section. 

Equation 91 describes the return, ir(f + h), to the fund or trust 
when it can engage in futures transactions. The first three terms in 
equation 91—the term in brackets in equation 92—are sAp - T(s), 
the returns on the cash transactions, s(t), less transactions costs, 
T(s(t)). Let xT(t) of futures that mature at time T be sold at time t. 
The current price is fT(t). These futures will be repurchased at a 
subsequent date t + h at price fT(t + h). Transactions costs on the 
futures are Q(x). Not only is the futures market so liquid that there 
is no term corresponding to ys(t) in the cash transactions market, 
but transactions costs in futures, 0(x), are much lower than those in 
the cash instruments, T(s). 

ir(f + h) = [B(T(f + h) - (1 + r - v)I(t)) + e]s(t) 

- 2 S2(t) _ r ( s (0 ) (91) 

+ xT(t)\fT(t) - fT(t + h)] - 6(x(0) 
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abbreviated as: 

T j IT = [(BAT + e)s - -zs2 - T(s)] - xAf - 6(x) (92) 

where rr = return on the transactions; x(t) = sales of futures, y(t) 
= -x(t) = purchases of futures; fT(t) = price at time t of futures 
maturing at time T; T(s), 0(x) = transactions costs; and T(t) = price 
of the index. 

Equation 93 is derived by using equation 87 for the relation 
between the change in the futures price, A/, and in the index, AT. 

TT = (Bs - x)AT + ES - | s 2 - nx - T(s) - 6(x) (93) 

The first term, (Bs - x)AI, is the gross return attributable to 
changes in the market index. The second term, ES, is the gross return 
from changes in the relative price (e) of the portfolio acquired or sold 
during the interval. The third term, 7S2/2, is the change in price 
induced by the fund's purchases or sales of the securities during the 
interval. The fourth term, - n x , represents the basis risk. The last 
two terms are the transactions costs in dealing with the underlying 
securities, T(s), and the futures, 0(x). Since transactions costs on 
purchases are the same as on sales, T(s) = T( — s), and 6(x) = 0 ( -x ) 
= 6(y). 

The expected return, ETT, is described by equation 94, where the 
expectations are taken over the stochastic variables AT, E, and n. It 
is assumed that the expected value of n is zero, but it has a variance. 

ETT = (Bs - x)E(AT) + SE(E) - | s2 - T(s) - 6(x) (94) 

In deriving the variance of the expected return, var TT, assume 
that the three stochastic elements are independent of one another. 

var TT = (Bs - x)2 var AT + s2 var e + x2 var n (95) 

There are three sources of risk: (1) var AT is the variance of the return 
on the market index of securities; (2) var E is the risk of relative price 
changes between the portfolio and the market index; (3) var n is the 
basis risk in equation 89. 

Transition to a new portfolio. Two cases of risk management were 
considered at the beginning of this section. The first case concerns 
a principal sponsor who dismisses a fund manager whose perform
ance puts the trust at point A in figure 3-7. A new manager is 
appointed who believes that he can select a portfolio, M, that will 
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exceed the market performance at point I. I show how the use of 
futures markets raises the marginal efficiency of investment on the 
acquisition of a new portfolio. 

If the new fund manager acts to reinvest the allotted funds in 
the market during a short time, the fund will obtain a change in the 
expected returns, dEtr/ds, and a change in risk, d var -rr/ds, on the 
resulting transactions, s(t). Call the ratio MRT(s) in equation 96, the 
marginal rate of transformation between risk and expected return 
from investment in cash securities during the time interval. It is 
derived from equations 94 and 95. 

MRT(s)= d™dS
 =m*l) + E(s)-ri-ns) 

1 , Os - x) B var AT + s var e 
- d var TT/3S 
2 

Evaluated at x = 0 when there is no futures position, this marginal 
rate of transformation is equation 97. It is graphed as curve OS in 
figure 3-9. 

_ PE(AI) + E(.) - „ - • r W 

' s(B2 var AT + var e) v ' 

The numerator is the marginal efficiency of the investment. The 
marginal efficiency of capital exceeds the marginal efficiency of 
investment for two reasons. First, the faster the portfolio is acquired, 
the greater are the adjustment costs, 7s, where s represents the 
transactions during the given time interval. Second, the faster the 
portfolio is acquired, the lower will be E(E), its performance in rela
tion to the index, because inadequate time is devoted to the selection 
of a portfolio, that is, to the formulation of an investment strategy. 
The fund cannot jump from point A to point M in figure 3-7. The 
change in expected returns from a rapid purchase program is the 
numerator in equation 97. 

The marginal rate of transformation is different when the prin
cipal sponsor or fund manager uses the futures market. As the secu
rities of the dismissed fund manager are sold, the principal sponsor 
can (1) invest the proceeds in highly liquid assets such as Treasury 
bills or (2) purchase futures contracts on the S&P 500 index. The new 
fund manager carefully devises an investment strategy. 

Equation 98 describes the marginal rate of transformation, MRT(y), 
between the change in expected return per purchases of stock index 
futures per unit of time (the numerator) and the change in risk per 
purchases of stock index futures per unit of time (the denominator). 
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It is based on equations 94 and 95. Variable y = —x represents 
purchases of futures per unit of time. 

E(AT) - 6' dE(-u)ld(u) 
MRT(y) = ^ - L - = V ' Kin (98) 

(Bs - x)var AT - x var TI 1 , , s VP ; - 5 var Tr/a(y) 

When MRT(y) is evaluated at s = 0 when there are no purchases of 
cash securities, the marginal rate of transformation is given by equa
tion 99. 

MRT{y) = *«*-*' ( 9 9 ) 
y y(var AT + var n) 

which is graphed as OF in figure 3-9. 
The numerator, derived from equation 94, is the change in the 

expected return from the purchases of futures on the index per unit 
of time. It is the expected return on the stock index in excess of the 
safe return, E(AT), less the transactions costs, 0'. It is assumed that 
there is no mispricing, so that E(r\) = 0. Because of the liquidity and 
depth of the futures market, funds do not perceptibly affect the 
market price by their transactions. 

With the purchase of futures, the fund can jump from point A 
to the market expected return in figure 3-7. The trust is totally 
invested in the market without the physical purchases of stocks. The 
essence of purchasing the futures is that the trust is in effect purchas
ing the entire S&P 500 index at low transactions costs and without 
market power. This is the meaning of the numerator. The denomi
nator, derived from equation 95, is the change in total risk resulting 
from the purchases of futures per unit of time. The two components 
of risk are changes in the market index (var AT) and the risk involved 
if the futures are sold before maturity (see equations 86, 87, and 88). 
The basis risk, var r\, is small in relation to the risk of changes in 
the market index. 

Curve OF in figure 3-9 is the marginal rate of transformation 
between the change in expected return and the change in total risk 
during the interval when the funds are invested in the futures on 
the index. In general, as shown in equations 97 and 99, the marginal 
rate of transformation using futures exceeds that of using securities 
directly under any of the following conditions: (1) the expected appre
ciation of stocks hastily selected is less than the expected appreciation 
of the index, BE(AT) + E(E) ^ E(AT); (2) there is considerable market 
power when purchases are made quickly, that is, 7s is large; (3) the 
basis risk, var r\, is less than the relative price risk, var E. 
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TRANSFORMATION BETWEEN EXPECTED RETURN AND RISK ON 

FUND TRANSACTIONS 

AETf/Af 

NOTE: The curves show the relation of the change in expected return over the time 
interval to the change in risk over the time interval. Curve SS' refers to the purchases 
or sales of securities, curve FF' to the purchases or sales of futures. 

A comparison of the two marginal rates of transformation is 
most vivid if it is assumed that (1) the principal sponsor has a fund 
purchase s of securities or an equivalent value of futures during an 
interval and (2) the portfolio of securities that would be purchased 
has a B equal to unity. Then the left-hand and right-hand sides of 
equation 100 are special cases of equations 97 and 99. 

MRT(s) = 
E(AT) + £(e) - T - ys 

s(var AT + var E) 

< 
E(AT) - 0' 

s(var AT + var n) 
= MRT(y) (100) 
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The numerator of the MRT when stocks are purchased is less than 
the value when futures are purchased, because hastily conceived 
stock purchases are expected to perform worse than the market, E(E) 
< 0; and the concentration of these purchases during a short interval 
will raise their prices, 7s > 0. In addition, the transactions costs in 
futures, 0', are considerably less than those involving the physical 
securities, T. The denominator of the MRT when futures are purchased 
is less than that when securities are purchased, because the basis 
risk, var n, is substantially less than the relative price risk, var E. 

Graphically, the change in expected return for a given change 
in risk exposure OA is AB when the stocks are purchased rapidly 
during the transition period between fund managers and AC when 
futures are purchased and the stock acquisition program has been 
spread over a longer period of time (figure 3-9). The principal spon
sor has moved the trust quickly toward point T from point A in figure 
3-7. 

Rapid temporary reduction of risk. The second problem of risk 
management discussed above concerns the rapid but temporary 
reduction of total risk exposure. The principal sponsor (or fund 
manager) wants to reduce total risk from u1 to a2 (in figure 3-7) for 
a short period. He is anxious to keep the portfolio described by point 
M as a long-term investment. This portfolio is expected to outperform 
the market: E(E) > 0. I explained earlier that the attempt to move 
quickly to point B by selling a fraction of the portfolio of risky assets 
and then repurchasing them to return to point M is very costly and 
disruptive. Costs of adjustment are reflected in term 7s in equation 
84. 

A more efficient strategy is available to reduce market risk quickly 
for a time without incurring adjustment costs, 7s. The principal spon
sor sells futures contracts corresponding to the risks that he wants 
to avoid. If he wants to reduce the risks of declines in the stock 
index, he sells futures contracts on the S&P 500 index. If he wants 
to reduce the risks of a decline in the index of long-term bonds, he 
sells futures contracts on Treasury bonds. These sales correspond to 
x(0 in equations 94 and 95. 

Fund managers need not be informed of these actions, and no 
fund portfolio is being disturbed. Managers continue to hold the 
desired stocks in what they believe are the optimal proportions and 
make no costly sales during a short interval. By increasing sales of 
futures, x(0, the principal sponsor moves along segment OF' of the 
transformation curve in figure 3-9. Risk is reduced by OA' at a cost 
of A'C in expected return, whereas the cost would have been A'B' 
if the first strategy were followed. 
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Formally, consider the case where the following conditions are 
satisfied: (1) Portfolio M is expected to appreciate by more than the 
index and has a B equal to 1. This means that E(Ap) = E(AT) + E(E) 
>E(AT). (2) The choice is to sell securities ( - s ) or sell an equivalent 
value, x = - s , of futures on the index. This means that MRT(x) is 
evaluated at s = 0 and x = - s . 

The two marginal rates of transformation are as follows: 

_ . E(A0 + m + r + v > EW + V __ 
s(var AT + var E) s(varAT + varn) 

slope: OS' > OF' in figure 3-9. 
The intuitive explanation is as follows. By selling portfolio M, 

the trust or fund loses the return on the portfolio net of the safe 
return, E(AT) + E(E), and incurs transaction costs T and adjustment 
costs of 7s. This loss is the numerator of MRT(-s). 

By selling futures on the index, the trust loses the expected 
return on the index, E(AT), and incurs transactions costs 0'. Insofar 
as the portfolio, M, is expected to appreciate in relation to the index, 
E(E) > 0, and adjustment costs are significant, 7 > 0, the loss of 
expected return is much greater by selling the portfolio than by 
selling futures on the index. Moreover, transactions costs on futures 
are lower than on the securities, 0' < T'. 

The reduction in risk by selling the portfolio is s (var AT 4- var 
E) and by selling an equal value of futures on the index is s (var AT 
+ var T)). Since the basis risk, var r\, is small in relation to the risk 
on the index, var AT, the risk that is diversified away by selling the 
futures is similar to the risk that would be eliminated by selling an 
equivalent value of the portfolio. 

The net result is described by comparing several points in figure 
3-7. (1) If there were no adjustment costs (7 = 0), the trust or fund 
could move from point M to point B by selling part of portfolio M 
and investing the proceeds temporarily in safe assets. (2) With adjust
ment costs (7 > 0), the sale would move the trust or fund to point 
D. The faster the attempt to reduce risk, the greater the distance 
between points D and B. (3) By selling futures on the index but 
keeping portfolio M, the trust or fund moves to point C. The differ
ence between points C and B results from the lower transactions 
costs on futures. Thus the advantages of using futures for temporary 
risk reduction are measured by distance DC: DC = DB + BC = 
saved adjustment costs + lower transactions costs. 

Savings in risky assets depend on the expected return-risk possi
bilities in the secondary market. By using futures in the ways described, 
institutional investors improve the risk-return trade-off shown in 
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figure 3-7 and thereby raise the savings invested in risky assets. I 
showed in the previous section how the use of futures by the FNMA 
raises the rate of investment in housing. These two sections together 
show how futures markets raise the rate of capital formation. 

Appendix 

Derivation of Equation 73 

The optimization, when futures market are used optimally, is based 
on equations A-l and A-2. 

3ETT a d var TT 

dp 2 dp 

rJErr a d var TT 
dx ~ 2 dx 

(A-l) 

(A-2) 

where ETT is equation 69, var TT is equation 70, and the supply of 
mortgages is equation 53. 

The solution of this system for the forward bid price, pF(t), is 
equation A-3. 

m . E - ^ — «A.3, 

ac var il (1 + 7 l ) - + j + 2(1 - g) 

The denominator is approximated as (A-4). 

etc var 1^(1 + 7 i) - ( 1 +* J + 2(1 - g) 

~ ac var 1(7! + y2) + 2(1 - g) 

Thus the approximation of pF(t) in (A-3) is: 

pF(0 = E - ^ 

2(1 - g) + ac(y1 + 72)var T 

Since 

EP{Q; t) = ET(0) - m 

and it may be assumed that 

ET(0) = T(f) 
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the expected price of an FNMA deben tu re may be wri t ten as: 

EP(Q; 0 = 1(0 - m 

Equat ion 73 in the text is thereby derived. 
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