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ABSTRACT 

Three empirical studies are conducted examining the efficiency of S&P soo futures 

prices and the pricing of these futures contracts. In the first study, the ability of futures 

prices to predict the realized ~[i ;t S&P 500 index prices on the expiration date is examined 

for near term contracts. The futures prices are found to be unbiased predictors of the 

realized spot index prices for the nineteen quarterly contracts from 1982 to 1986. 

Previous studies repon significant deviations in S&P SOO futures prices from 

theoretically determined Cost of Carry Model (CCM) prices. In the second study, it is 

found that the CCM using the federal funds rate, a proxy for the overnight repurchase rate, 

provides relatively better estimates of the S&P S(x) futures prices over the 1984-1986 

period. Thp futures mispricing also reflects the weekend effect anomaly: futures prices are 

"over-priced" relative to CCM prices on Mondays, whereas the opposite occurs on 

FriJays. The futures over-pricing (under-pricing) is characterized by "bull" ("bear") 

financial markets and the exten! of price changes are relatively greater in the futures market. 

The futures under-pricing is supponed by strong future market volume and open-interest 

positions. 

The basis and changes in it over the futures contract period are measures of how 

well integnlted the futures market and the underlying spot market are. In the third study, 

based on daily closing prices for the S&P soo index and index futures for the 1984-1986 

period, it is found that the basis decreases over the conttact period but the rate of decrease 

is independent of the time to expiration. The change in basis on Mondays is generally 

positive which also reflects the weekend effect anomaly. The daily basis is negative on 107 

days, which generally occurs during strong futures market trading volume and open-
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interest positions. It is doubtful whether the negative basis can be attributed to a negative 

net financing cost, where the dividend yield 0.1 the spot index exceeds the cost of financing 

the spot index forward. 
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INTRODUCTION 

A major financial innovation occurred in February 1982 with the introduction of 

stock index futures contracts for trading on an organized futures exchange and at present at 

least four stock indices are actively traded on different futures exchanges. The S&P 500 

futures contract trades on the Chicago Mercantile Exchange (CME) and is the dominant 

contract representing almost seventy-five percent of index futures trading. In 1987 the 

dollar value of index futures trading was almost double that of the underlying stocks in the 

indices. The concept of a stock index futures contract is not new; Bakken (1959). Fisher 

(1966) and Miller (1986) discussed it at least a decade prior to its introduction. 

The institutional trading aspects of stock index futures is comprehensively covered 

in most books on futures markets. for ex.ample. Fabozzi and Kipnis ( 1984). Figlewski 

(1986) and Kolb (1988). The proponents of organized futures markets usually claim the 

following benefits provided by these institutions: price discovery. hedging and speculation 

(in an orderly manner). The theories of how future prices are detennined are based 

primarily on infonnational efficiency. the stability of spot price variance. and hedging and 

risk transfer. Working (1958). Powers (1970). Telser and Higinbotham (l977), Danthine 

(1978). Ederington (1979). Green (1981). Bray (1981) and Jaffee (1984) are some of the 

contributors. 

The research on stock index futures can be divided into two broad categories: 

pricing and efficiency. Although closely related. pricing is principally concerned with 

arbitmge arguments. deviations from prices described by specific theoretical models and 

institutional constraints such as tax differentials. tax timing options and stochastic interest 

rates. The issues in efficiency concern the nature of price fonnation. market trading 
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aberration and the importance of rational expectations. Cornell and French (1983a,b), 

Modest and Sundaresan (1983) and Cornell (1985(\) are some of the contributors. These 

studies were restricted to a limited data base in the early years, but a sufficient body of 

market data is now available for a thorough study of many of these issues. 

The following three aspects of the S&P 500 futures market are empirically 

examined: (a) the informational efficiency of futures prices as unbiased predictors of 

realized spot index prices on the expiration date (Chapter I); (b) the pricing of futures 

contracts using the Cost of Carry Model (Chapter 2); and (c) the behavior of the S&P 500 

basis over the futures contract period (Chapter 3). The three chapters are self-contained in 

that each has a statement of the problem, a literature review, the proposed methodology, the 

description of the data, the empirical results, and finally the conclusions. Thus, no separate 

chapter is assigned for the conclusions and summary. The tables and references are after 

Chapter 3. 



CHAPTER I 

A TEST OF THE S&P soo FUTURES PRICES 

AS UNBIASED PREDICTORS OF REALIZED 

INDEX PRICES ON MATURITY DATE 

Statement of the Problem 

1 2 

A critical issue in the study of futures markets is whether the futures price is an 

unbiased predictor of the underlying asset's future spot or cash price on the expiration of 

the contract. The resolution of this issue has imponant implications for, among others, 

futures market speculating, the effective implementation of futures market hedges, and in a 

broader context, the social function of price discovery. Black (1976) argues that the price 

discovery role may be the most imponant function of futures markets, because these prices 

may affect the allocation of real economic resources. An unrecognized bias in the forecast 

of futures prices could possibly lead to the inefficient allocation of real resources. If 

futures prices are biased predictors, then speculators and arbitrageurs could derive above 

average profits on a risk adjusted basis, in a manner similar to other stock market 

anomalies, such as the weekend effect, the small firm effect and for low P.E. stocks. In 

the case of hedging, the biasedness of futures prices could affect the determination of the 

optimal hedge ratio and hence the effectiveness of hedging operations, particularly where 

the hedge is lifted prior to the expiration date. The latter issue is examined in Chapter 3 

regarding stock index futures. Stein (1981) provides an index for measuring optimality, 

showing that the optimality of resource allocation, in an intenemporal context, is negati vely 

related to a multiple of the square of the forecast error between the futures price and the 

subs'-'tIuently realized spot price. 
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For futures markets, there is some evidence that futures prices are biased predictors 

of expected future spot prices. The institutional trading restrictions imposed by organized 

futures exchanges, the daily marking-to-market specifically, can induce such biases. A 

forward contract generally ha'i no initial cash outlay, nor are there any interim cash 

outflows, whereas a futures contract requires an initial margin and there are daily 

inflows/outflows from marking-to-market. Black (1976), Cox Ingersoll and Ross (1981) 

and French (1983) have noted that the stochastically detennined cash flows over the futures 

contract period may cause futures prices to be biased predictors. Kolb (1988) provides two 

other reasons: (a) the speculators will be prepared to take active positions only if the 

futures price is expected to differ materially from the future spot price, and (b) the "Cost of 

Carry" pricing model suggests a specific relationship between the futures price and the 

expected spot price so that no arbitrage opportunity exists. 

Although there is substantial research in this area for commodities futures markets, 

only a small body of research relating to financial futures. This is primarily due to the short 

time in which futures markets have operated. 

Literature Survey and Proposed Methodolo~y 

One of the long-standing research issues on futures markets is the relationship 

between the futures price and the expected spot price for the deliverable commodity at the 

expiration of the futures contract. The prevailing view comes from the theory of Keynes 

(1930) and Hicks (1946). The Keynes-Hicks hypothesis of "normal backwardation" 

suggests that the current futures price tends to be below the expected spot price but 

increases over the life of the contract. The excess of the expected spot price over the 

futures price is a "premium" which producers, who are risk averse, are willing to offer in 
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order to sell futures contracts as a means of hedging against spot price fluctuations at 

harvest time. Thus, the producers are prepared to accept a price now with certainty, the 

futures price, which is at a discount relative to the expected spot price at harvest time, at the 

end of the futures contract period. On the other hand, speculators primarily participate in 

the market as buyers so as to obtain the premium resulting when the futures price increases. 

Under "normal backwardation" the producers predominantly take short positions and the 

speculators predominantly take long positions on the futures contract. The opposite 

positions are held under a "contango" when the futures price is above the expected spot 

price and is expected to fall over the life of the contract. A contango arises where the 

producers use the commodity as an input (for example, wheat convened into flour by 

millers) and hence take long positions, whereas speculators take shon positions. In this 

case, the producers will purchase at the futures price, which exceeds the expected spot 

price, and the resulting premium i~ passed on to the speculators. Both Keynes (1930) and 

Hicks (1946) contemplated the presence of contangos in their respective treatises. 

Although this issue hao; been examined for a number of years the results are not 

unanimously in favor of the Keynes-Hicks hypothesis I See Kamara (1982) has a 

comprehensive survey of the futures market literature and Copeland and Weston (1988) 

and Kolb, Jordan and Gay (1983) summarizes these research findingsl. The bulk of the 

research relates to commodities futures and it is an open question as to whether these 

findings could apply to stock index futures where there is no deliverable commodity on the 

expimtion date of the contrdCt. However, for commodities futures on avemge, less than 

3% of the futures contracts eventually result in the delivery of the commodity involved. 

When stock index futures flfst began trading in February 1982, the professional market 

participants tmnsferred the pricing knowledge accumulated over the past decade for interest 

rate futures to stock index futures. The basic logic used in pricing Treasury bond futures 

could be applied to index futures. In the initial period the observed futures prices were 
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systematically lower than the suggested theoreti.::al prices and this was attributed to a lack of 

appreciation of the differences in market structures, such as the cash settlement upon 

maturity of the contract and the institutional restrictions on short-selling of equity stocks. 

However, the market participants appear to have learned fairly rapidly, because the 

difference today is not as large as it was in the initial period (Zeckhauser and Niederhoffer 

(1983), Figlewski (1984a), Peters (1985) and Merrick (1987b»). The pricing of stock 

index futures is covered in Chapter 2. 

A review of the literature revealed no study which examined the issue as to whether 

the stock index futures prices are biased or Ilnbiased predictors of the realized spot index on 

the maturity date. The following is a summary of some of the principal works on 

commodity futures. Cootner (1960) and Houthakker (1961) found evidence of a risk 

premium, which supports the normal backwardation hypothesis, but Telser (1960) found 

no such evidence in the commodities markets. Smidt (1965) suggested that the normal 

backwardation process requires the futures price to rise over time and thus futures prices 

exhibit positive autocorrelation. The tests showed that futures prices of some commodities 

exhibit statistically significant serial dependence, both negative and positive. Stevenson 

and Bear (1970) found com and soybeans to exhibit negative dependence over short 

periods and positive dependence over long periods. By contrast Working (1958) 

developed a theory of anticipatory prices, where futures prices should follow a mndom 

walk and this view was supported empirically by Larson (1960). However, Cargill and 

Rausser (1972, 1975) found mixed evidence on mndom price behavior. The tests applied 

are the conventional weak-form tests of the efficient market theory, namely serial 

dependence, runs tests and mechanical trading rules. These conventional weak form 

efficiency tests have not been applied to index futures, but the tests for the day-of-the-week 

effect have been conducted to detect non-random price behavior across week days. This is 
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discussed in Chapter 3. The following is a brief summary of the day-of-the-week findings. 

Based on the daily opening and closing prices for the period of May 3, 1982 to July 24, 

1984, Cornell (1985a) confirms that the weekend effect exists in the returns on the S&P 

spot market and the bulk of the negative return is confined to the non-trading period from 

Friday's closing price to Monday's opening price. However, the S&P 500 futures reveal 

no weekly pattern of returns. On the other hand, Oyl and Maberly (1986a,b) report 

negative returns on Mondays for the S&P 500 futures market and the bulk of the negative 

returns can be attributed to returns based on Friday's closing price and Monday's opening 

price. They replicated the methodology and sample period used by Cornell and also 

enlarged the sample period from May 3, 1982 to December 31, 1985. In both cases the 

non-trading period weekend effect persisted. The authors allude to the possibility of errors 

in the data used by Cornell. 

The questions of futures market efficiency and of whether the futures price is an 

unbiased predictor of the spot price on the expiration date are conceptually distinct issues. 

The latter refers to the movement of the futures price over the contract period relative to the 

spot price on the expiration date. For example, where the futures price is expected to trdde 

below the realized spot price on the expirdtion date, which results in a risk premium as 

suggested by the Keynes-Hicks normal backwardation hypothesis. Furthermore, the 

futures price is expected to increase over the contract period which will reflect non-random 

price movements over the contrdct period. These non-random price movements do not 

necessarily result in a rejection of the weak-form futures market efficiency. The non

random price movements can be in terms of the submartingale version of market efficiency. 

A submartingale is a fair game where successive prices are expected to increase; thus, on 

average the price series is expected to yield positive returns and these positive returns 

would not necessarily violate the weak-form efficient market hypothesis. Therefore, the 
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presence or absence of a risk premium does not directly affect the issue of market efficiency 

and this was initially discussed by Telser (1958) and Gray (1961) in the context of 

commodities futures markets. 

In a clalisical paper, Samuelson (1965) showed that futures prices will fluctuate 

randC'mly although the seasonal pattern in spot (commodity) prices may be known. The 

basic feature of the model, assuming a stationary autoregressive process in spot prices, is 

that the variance of futures prices is inversely related to the number of days to delivery on 

the contract. The distant contracts will exhibit relatively lower variances because 

autoregressive prices will have a longer interval to self-correct, whereas the near term 

contracts will be more variable because prices have insufficient time to self-correct. The 

suggested result of the model is counter-intuitive since the variance is expected to become 

smaller as expiration time approaches, and the futures price is marked to the (expected) spot 

price. A review of the model confirms that the assumption of an autoregressive process in 

spot prices is central to Samuelson's hypothesis. However, the assumption of a stationary 

price-generating process may undermine the resulLIi of the model. 

Stein (1979), Anderson and Danthine (1980) and Richard and Sundaresan (1981) 

have suggested an alternative model, the State Variable Hypothesis. The view is that 

changes in the volatility of futures prices depend on the pattern of information flow into the 

market. The futures prices are more volatile when substantial information flows into the 

market and relatively stable when less information becomes available. It is assumed that 

publicly available information helps to resolve uncertainty and prices move to new 

equilibrium levels. In summary, this hypothesis suggests that the volatility of futures 

prices over the contract period may be independent of the time to the expiration date. 

because it depends largely on the microstructure of the market for a particular commodity; 
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whereas Samuelson hypothesized that progressively greater futures price volatility occurs 

as the expiration date draws closer. Using daily data for nine commodities for the period 

1966 to 1980, Anderson (1985) found evidence supponing both hypotheses but Milonas 

(1986) found suppon for the Samuelson hypothesis. In the latter paper, the author used a 

larger data base and, after removing seasonal factors, found a strong maturity effect on 

variance for ten of the eleven futures tested - including the financial futures (T-bills, T

bonds and the GNMAs) and metals (copper, gold and silver). 

The research relaung to the existence of a risk premium in futures prices and the 

biasedness of futures prices has concentrated on market structure and the decomposition of 

risk. For example, Gray (1960) provided evidence that thinly traded markets may reveal 

biased prices, but the bias may run in either direction. The CAPM was applied to the 

futures market by Dusak (1975) and no significant systematic risk was found. 

Funhermore, the returns on futures were indistinguishable from zero. By contrast, Bodie 

and Rosansky (1980) provided evidence of systematic risk in futures markets but their 

methodology has been questioned by Leuthold (1982). 

A literature review reveals a wide range of findings and this can be attributed to the 

following factors. Different techniques were applied to different commodities over 

different time periods and many of the studies used only a few contracts over a shon time 

period. In some of the studies, the data from different contrdcts were not aggregated thus 

the peculiarities of specific time periods were not avoided. Kolb, Jordan and Gay (1983), 

hereafter referred to as KJG (1983), devised a methodology that uses a long time span and 

aggregate data from different contracts (for the same commodity) in order to avoid any 

shon-run expectational errors. The twelve contrdcts examined by them are lisled in Table 

IV. 
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The near tenn S&P 500 futures daily prices will be studied from the inception of the 

first contract in April 1982 to the end of 1986 (a total of 19 quanerly contracts). The ability 

of S&P 500 futures prices to predict realized spot prices on expiration date will be tested in 

tenns of the new methodology proposed by KJG (1983) and in tenns of the traditional 

approach. 

A recent study by Bigman, Goldfarb and Schechtman (1983), hereafter referred to 

as BGS (1983), of futures price efficiency in the grain market is an example of the 

traditional research methodology. The spot (cash) price on expiration date (at time n) is 

regressed on the futures prices (at time t) for n-t weeks prior to expiration for wheat, corn 

and soybeans contracts, where n-t ranges from 1 to 24 weeks. The following model is 

used: 

Sn = a + ~Ft,n + £t; where: 

Sn = Spot price at time n, the maturity date 

Ft,n = Futures price at time t for contracts maturing at time n 

a, ~ = Parameter estimates by OLS 

£t = Error tenn with the standard assumptions for OLS 

The Null Hypothesis is that futures prices are unbiased estimates: 

Ho: a = 0 and ~ = I 

(1.1 ) 

BGS (1983) found that for the more distant contracts a > 0 and b < I, implying that the 

more distant contracts provide inefficient estimates of the realized spot prices. The positive 

intercept value indicates a risk premium as suggested by the normal backwardation 

hypothesis. KJG (19K3) developed a new methodology for te~ting on a large data bank. 

The intuition underlying this method relies on the assumption that with large samples, some 

biased t:~timators become asympotoically unbia;;ed as the sample size increases. Based on 
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this property of their model, the data from different contracts were aggregated so as to 

plOvide a more powerful test of the futures pricing relationship than previously available. 

The methodology was applied to twelve different CBOT futures contracts, :ncluding 

GNMAs and T-bonds. 

Let Et (.) represent an expectations operator fonned at time t. Based on the 

following three assumptions: (a) no systematic risk; (b) markets operate perfectly; and (c) 

interest rates over the futures contract period are non-stochastic; then equation (1.2) is 

assumed to be true: 

Ft,n = Et(Sn)+Ut (1.2) 

Where Ut is a random error tenn, such that E(ut) = O. 

The three assumptions are necessary to derive equation (1.2) for the following 

reasons: (a) with systematic risk, Ft,n is at a discount relative to Et(Sn) as suggested by 

Keynes (1930) and Hicks ( 1946); (b) the absence of transaction costs, infonnation 

acquisition costs and taxes are captured by assuming market perfections; and (c) the futures 

price (Ft,n) is equal to a forward price by assuming non-stochastic interest rates which 

avoids the difficulties of daily marking-to-market of futures contracts I Black (1976), Cox, 

Ingersoll and Ross (1981) and French (1983». 

Furthennore, if the Unbiased Expectations Hypothesis (UEH) is valid, then Et(sn) 

would be an unbiased expectation, such that: 

Et(Sn) = Sn ( 1.3) 

(1.2) and (1.3) implies (1.4): 

Ft,n = Sn + Ut (1.4) 
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But E( Ut) = 0; thus the relationship in (1.4) implies that on the average, based on a 

large sample size covering a long period, the futures price is equal to the realized spot price 

on maturity date. Furthennore, if the relationship in (1.4) holds, it implies the absence of a 

risk premium, as suggested by the Keynes-Hicks hypothesis of nonnal backwardation. 

Thus, a rejection of the hypothesized relationship in (1.4), implies the presence of a risk 

premium embedded in the futures price. 

At maturity the no-arbitrage condition must hold: 

Fn,n = Sn ( 1.5) 

Since expectations cannot be observed, (1.2) cannot be tested directly, but with the 

assumption in (1.3) and (1.5), a test of (1.4) would imply the truth of (J .2). Therefore, a 

test of (1.4) is a joint hypothesis test because a test of (1.4) also tests the validity of (1.2) 

and (1.3) simultaneously. The question of biased expectations and the equality of futures 

prices and expected future spot prices cannot be separated by the methodology developed 

by lUG (1983). 

If (1.4) holds, then: 

Ft,n-Sn = 0; because E (Ut) = 0 (1.6) 

for any single contract this gives rise to the vector: 

(Ft,n-Sn) = (Ft+ l,n-Sn) = ... = (Fn,n-Sn) = 0 ( 1. 7) 

The above is the expected relationship for any contract over a long peIiod. 

Furthennore, other contracts with different maturities could be used to fonn similar 

vectors, the results being arranged into a matrix: 
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( 1.8) 

(Fit,n- Sin), (Fit+ 1 ,n-S in), ...... ,(Fin,n-Sin) 

where the superscripts act as contract indentifiers. 

A vector of column averages can be fonned from (1.8), of the fonn: 

Dt,Ot+I, ...... Dn (1.9) 

Every element of (1.8) should have a zero value on average if (1.4) holds; then (1.9) 

should be a vector of zeros as well and it may be called the Difference Vector. The 

elements of (1.9) are averages and should be relatively free of any expectational errors that 

may have been present in (1.8), since the above is based on the Unbiased Expectations 

Hypothesis. 

The elements in the Difference Vector in (1.9) is regressed against the number of 

days to maturity to test the hypothesis of (1.4) and hence of (1.2): 

Dt = a + ~(q) + £t (1.10) 

NULL HYPOTHESIS: Ho: a=o and ~=o 

The days to maturity of the futures contract is represented by q, where q = n-t, and 

the null hypothesis should be rejected, if (1.4) holds. This version is preferred because it 

can also address the Keynes-Hicks hypothesis but it needs to be transfonned to address the 

following econometric problems encountered by KJG (1983): 

(i) Price series typically exhibit strong serial correlation and this would most 

probably affect (1.7) and therefore (1.8) and (1.9). The conventional approach 
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is to express the price series in log nonnal fonn [Fama(1965), Cornell (1985) 

and Dyl and Maberly (1986a,b»). 

(ii) The existence of heteroskedasticity. Samuelson (1965) postulated that futures 

prices should increase as contracts approach maturity and this hypothesis 

received support from Rutledge (1968), Dusak (1979) and Milonas (1986). 

The problem of serial correlation may be addressed by transforming the above into 

logarithms of successive price relatives or Log-Link-Relatives (LLR), as termed by IGtJ -

(1983). These are daily rates of return with continuous compounding. 

If (1.4) holds, then for each contract: 

Ft n = Ft+1 n = ... = Fn n = Sn " , (1.11) 

From (1.11) it follows that: 

Ft+ 1 ,n = _F_t+_2 ...... n = ... = Fn n = Sn . , ~ 
= 1 (1.12) 

Ft,n Ft+ l,n Fn-l,n Fn,n 

Furthennore : 

Log (Ft+ 1 ,n) = Log (Ft+2,'1) = ... = Log (Fn,n) = 0 (1.13) 

(Ft,n) (Ft+ I,n) (Fn-I.n) 

This vector (1.13) comprises the logs of the link-relative of futures prices and each element 

should equal zero. Since (1.13) will be fonned for each contrdct some values of (1.13) 

may not equal zero. Vectors of the fonn of (1.13) can be combined to form a matrix 

isomorphic to (1.8) and a vector avemge LLRs isomorphic to (1.9). 
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The matrix and vector of LLRs should exhibit the same properties as matrix (1.8) 

and the Difference Vector (1.9). 

One can also express vector (1.13) in a form similar to (1.10) to test whether there 

is any !lystema~~ mo,'~ment in returns over the life of the contract, testing the Keynes

Hicks hypothesis. 

Vectors of column average can be formed from (1.13), of the form: 

Lt+ I, Lt+2, ... Ln (1.14) 

The following regression is similar to (1.10): 

Lt+1 = a. + J3 (m) + Et+1 (1. 15) 

NULL HYPOTHES IS: Ho: a. = 0 and J3 = 0 

Here m refers to the number of days to maturity of the futures contmct, where m = 

n-t+ I. A significant J3 coefficient value implies that the returns deviate systematically over 

the life of the contract. A significantly positive a. can indicate the presence of normal 

backwardation, that is, futures prices on average will increase over the life of a contract so 

as to realize a premium. Conversely, a significant negative a. would indicate a contango. 

The presence of any funher autocorrelation, as shown by the Durbin-Watson test, 

was corrected by the Cochrane-Orcutt iterative least squares techniques. The presence of 

heteroskedasticity, as shown by the Goldfeld-Quandt (1965) test, can be corrected by the 

methods suggested in Johnston (1984). 

KJG (1983) found that the Null Hypothesis to (1.15) could be rejected for seven of 

the twelve commodities on the CBOT, which includes the GNMAs and T-bonds, refer to 

Table IV. 
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The near tenn S&P 500 futures contracts will be examined. The equities market 

has many differences compared to the commodities markets. Portfolio insurers are mainly 

financial institutions holding substantial equity ponfolios, selling stock index futures 

contracts to hedge their equity ponfolios against the threat ot a "bear" market. They play 

the role of producers because they hold long cash positions and shon futures positions. 

There are also other major panicipants, namely asset-allocation traders, arbitrageurs and 

speculators. Funhennore, the use of computer program trading and the absence of actual 

delivery on the expiration date are other distinguishing features of the stock index futures 

market. It will be interesting to observe whether the S&P 500 futures prices are unbiased 

predictors of realized spot prices on the expiration date and whether a risk premium, as 

suggested by dIe Keynes-Hicks hypothesis of nonnal backwardation, can be discerned. 

Data and Empirical Results 

Daily futures and spot prices were taken from the Chicago Mercantile Exchange 

(CME) Yearbook for the period 1982 to 1986. The S&P 500 futures commenced trading 

on April 21, 1982 on the CME and the contracts mature on the Thursday/Friday of the third 

week of March, June, September and December. A total of 19 quanerly contracts were 

examined. The daily futures prices were examined for 61 trading days prior to expiration 

because the near tenn contract represents at least 80% of the trading volume and open

interest position. The observations beyond 61 days would result in over-lapping of 

contracllI and the futures prices for the different S&P 500 futures contracts will not be 

independently determined. For example, on March 1, 1986, the futures prices for March 

1986, June 1986, September 1986, December 1986 and March 1987 contracts can be 

observed but these prices are not independently detennined. This criticism was levelled by 

a discussant of the KJG ( 1(83) paper and he questioned the validity of the degrees of 
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freedom by poolir.g across contracts existing at the same time 10 a;'vid this problem the 

observations are restricted to 61 days and in some cases to a shoner period, for example the 

initial futures contract for June 1982 traded for 39 days only. The S&P 500 futures price 

refers to the daily settlement price set by the CME and the S&P 500 index price refers to the 

daily closing price. The CME closes fifteen minutes after the NYSE and the Settlement 

Committee, whose role is to establish a settlement price, takes this non-synchronized 

trading into account. 

The first series of tests uses t/"1e traditional approach and regresses the spot price on 

the expiration date (Sn) on the daily futures prices (Ft) for t= I, .... 60 days prior to the 

expiration date. The results are presented in Table I and can be interpreted as follows: 

(i) The R2 value is consistently high and its lowest value is .874 on the 54th and 

60th day prior to expiration. The value increases consistently with the arrival of 

the expiration date as more information becomes available. 

(ii) As expected, the standard error of the regression lines decrease uniformly as the 

expiration date arrives confinning the improved predictive power of futures 

prices with the passing of time. 

(iii) The Durbin-Watson (OW) statistics show no autocorrelation over the 60 days 

period except for the 4th, 7th and 9th day prior to expiration, using a 5% 

significance level. However, these exceptions fall into the region of uncenainty 

and are fairly dose to the critical value of 2.72 for a two-tailed 5% significance 

test. These three days are not corrected and re-estimated since appropriate 

adjustments will be made under the KJG (1983) approach. 
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(iv) The parameter estimates of the constant term are not statistically significant from 

zero over the entire 60 day period at a 5% significance level. This casts doubt 

on the presence of a significant risk premium as suggested by the Keynes-Hicks 

hypothesis of normal backwardation. The absence of a risk premium in the 

S&P 500 futures prices is not entirely unexpected since the nature of the 

participants in the commodities markets and the index futures markets are 

different. The normal backwardation hypothesis was suggested in the context 

of the commodities markets where producers go short in futures contracts to 

off-set the long position in the actual commodity and in the stock index markets 

~his role is played by the holders of portfolio insurance. However, there are 

also other major participants in the stock index markets, namely asset-allocation 

traders, arbitrageurs and speculators. Furthermore, the use of computer 

program trading and the absence of actual delivery on the expiration date 

distinguishes the S&P 500 futures market from the commodities market. 

(v) The slope coefficients are all statistically significantly different from zero but not 

significantly different from one at a 5% confidence level. The daily futures 

prices prove to be unbiased predictors of the realized spot prices for the near 

term contrdcts. The highest coefficient is 1.067 on the 34th day and the lowest 

is 0.942 on the 60th day prior to expiration. 

(vi) These results can be used to maintain the Null Hypothesis: 

Ho: (l = 0 and ~ = 1 

The second series of tests is a variation of the traditional approach and was 

suggested by Kolb, Jordan and Gay (1983). A matrix of the natural log of daily price 
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relatives (LLRs) is constructed as shown in equation (1.8) above. The statistical 

description of the column means are shown in Table II. Based on the t-test (5% confidence 

level) the mean LLRs are not statistically different from zero, except for the relative prices 

for the II th and 48th day prior to the expiration date. These results substantially confmn 

the results of the traditional approach reponed in Table I. 

The mean LLRs are regressed on time to expiration, for up to 60 days, to test the 

Null Hypothesis to equation (1.15): 

Ho: <X = 0 and ~ = 0 

The regression results are shown in Table III. The constant tenn and slope 

parameter estimates are not statistically significant from zero at a 5% confidence level. The 

low R 2 of .017 confinns the lack of any significant linear changes in futures prices over 

time to expiration. The Durbin-Watson (OW) statistic shows an absence of autocorrelation. 

A regression of the residuals against time to expiration revealed an absence of a linear 

relationship, thus heteroskedasticity is not a problem. The Null Hypothesis can be 

maintained. These results confinn the earlier findings that no significant risk premium is 

embedded in the S&P 500 futures prices and also that the futures prices are uJliJiased 

predictors of realized spot prices on maturity for the near-tenn contracts (for trading periods 

up to three months). It should be reitemted that the near tenn S&P 500 contracts represents 

the major tmding volume and open-interest position of all stock index futures. 

The results of the tests by KJG (1983) are presented in Table IV for comparison 

purpose. To summarize the results, many comm(,dities appear to indicate rising futures 

prices over their respective contract lives, while the interest mte futures (GNMAs and T

bonds) genemlly had falling prices. Of the 12 commodities examined, eight showed price 
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behavior that is inconsistt:nt with the hypothesis that futures prices are unbiased predictors 

of spot prices at maturity date. The authors conclude that no single explanation, such as 

nonnal backwardation or stochastic interest rates, can account for the price behavior of all 

ccmmodities. Since each commodity appears to show its own peculiarities and the key to 

understanding the price behavior of each commodity depends on the microstructure of the 

market for that particular commodity. 

Conclusion 

The S&P 5() daily futures prices are infonnationally efficient for the near tenn 

contracts, where the expiration date of the contract is within sixty trading days. 

Specifically, the daily futures prices are unbiased predictors of the realized spot prices on 

maturity date for the 19 quarterly contracts studied from 1982 to 1986. Funhennore, little 

evidence is found to suppon the Keynes-Hicks hypothesis of a risk premium in S&P 500 

futures prices. The efficiency of the index futures market and the absence of a risk 

premium can panly be attributed to the low transaction costs of trading in stock index 

futures which helps to attract the large number of participants with different investment 

objectives, such as ponfolio insurers, asset allocators, arbitrageurs and sp.:culators. 
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CHAPTER 2 

AN APPLICATION OF THE DAILY FEDERAL FUNDS RATE, 

A PROXY FOR THE OVERNIGHT REPURCHASE RATE (REPO RATE), 

IN THE "COST OF CARRY" PRICING MODEL TO DETERMINE 

S& P 500 FUTURES PRICES 

Statement of the Problem 

The stock index market is relatively new and the principles of pricing index futures 

are not well established. When stock index futures first began trading in February 1982, 

the professional market participants transferred the pricing knowledge accumulated over the 

pa'it decade for interest nne futures to stock index futures. In the initial period, the 

observed futures prices were systematically lower than the theoretical prices suggested by 

the Cost of Carry Model (CCM) and this was attributed to a lack of appreciation of the 

differences in market structures, such as the cash settlement upon maturity of the contract, 

the institutional restrictions on short-selling of equity stocks, and the absence of the tax 

timing option in futures contracts. The persistent discount in futures prices relative to the 

theoretical CCM prices in the initial period (1982-1983) was reported by, among others, 

Cornell (1985 a), Cornell and French ( 1983 a,b), Figlewski (1984 a,b, 1985), Gastineau 

and Madansky (1983), Modest (1984), Modest and Sundaresan (1983), Peters (1985) and 

Zeckhauser and Neiderhoffer ( 1983). The recent studies by, among others, Merrick (1987 

a,b), MacKinlay and Ramaswamy (1988) and Saunders and Mahajan (1988) show that the 

futures prices since 1984 traded both at a discount and at a premium relati ve to the 

theoretical CCM prices. In this chapter, the empirical behavior of the deviations in pricing 



is addressed and this will be achieved by examining the validity of cenain proposed 

hypotheses regarding the stochastic behavior of these deviations. 

Literature Survey and Pro,posed Pricin& Model 

3 I 

The futures market literature is dominated by the following two pricing models, 

which attempt to explain the behavior of futures prices. These models are discussed in the 

works of Fabozzi and Kipnis (1984), Figlewski (1986), Schwarz, Hill and Schneeweis 

(1986), Copeland and Weston (1988) and Kolb (1988). The first model is based on the 

Unbiased Expectations Hypothesis (UEH) which predicts that futures prices on average 

equal realized spot prices at maturity; if this did not hold true, an opponunity for 

speCUlative profits would arise. In Chapter 1 it was tound that daily futures prices tend to 

be unbiased predictors of realized spot prices at maturity date. The expectations model 

does not specify the expectations fonnation mechanism and it is the task of the investor or 

researcher to specify an appropriate expectations mechanism. The second model is the 

Cost of Carry Model (CCM), which is based on arbitrage opponunities between the futures 

market and its underlying ipot market. The basic model and variations of it has received 

wide suppon among market panicipants and researchers I Modest and Sundaresan (1983), 

Cornell and French (1983 a,b) and Figlewski (1984 a)l. 

The CCM uses the spot price (also called cash price or current price or market price) 

as an imponant element in pricing futures contrdcts. According to classical stock valuation 

theory, the current stock price is the equilibrium price of the collective market assessment, 

which in turn reflects the expected dividend flows and stock appreciation in relation to the 

investment risk over some holding period. If the investors collectively assess a lower 

expected price and dividend flows, the current stock price would have to be adjusted 
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downwards accordingly. The spot price movements continuously retlect the market 

assessment process, because equity markets are liquid and assumed to be efficient and any 

short-tenn shocks will be discounted quickly by the market. Therefore, the spot price is 

taken as the point of departure for determining the futures price. 

The basic CCM for stock index futures is based on the following assumptions 

(some of these assumptions are relaxed in later developments): 

I . There are no transaction costs, which implies that the cost of carry equals the 

financing rate and the latter is known at the beginning of the contnct; 

2. There is actual delivery of the underlying stock index at the end of the contract; 

3. The end of the investment holding period coincides with the expiration date of the 

futures contract; 

4. The spot prices of the stocks are known at the beginning of the contract; 

5. The stocks can be sold short at any time; 

6. The full proceeds from the short sales are either available to the investor or 

"invested" on his behalf; 

7. The dividends on the stock portfolio are known at the beginning of the contract 

period and will be paid at the end of the contract period; 

8. The stock index selected is a "good" proxy for the market, such as the value 

weighted S&P 500 Inucx and the NYSE Index. 

The basic CCM is as follows: 

TFt,n = St (1 + rt,n)n-t - D I; where 

TFt,n = Theoretical futures price at time t for a contract 
maturing at time n 

St = Spot price of index at time t 

rt,n = Risk-free rate of interest at time t for n-t days 

(2.1 ) 
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01 = Dividends on stock index portfolio to be paid at maturity 
of the futures contract. 

Prior to the trading of index futures, the prevailing view was that the futures price 

would exceed the spot price by an amount equal to the interest- rate on risk-free securities 

minus the dividend yield on the index portfolio. 

The basic CCM has been developed further by relaxing most of the above 

assumption~, such as: multi-period analysis, the presence of transactions costs, the actual 

timing of dividend payments, a lim;ted or no access to the proceeds ff( m short-sales, 

different borrowing and lending interest rates [Modest and Sundaresan (1983), Modest 

(1984), Figlewski (1984 b) \1errick (1987 a,b) and MacKinlay and Ramaswamy (1988)1. 

The CCM has been tested empirically by, among others, Cornell and French (1983 

a,b), Modest and Sundaresan (1983), Modest (1984), Figlewski (1984 a), Cornell (1985 

a), Peters (1985) and MacKinlay and Ramaswamy (1988). The earlier studies 

unanimously show that the observed futures prices were on average below the theoretical 

futures prices since their introduction in April 1982 for both the NYSE Index and the S&P 

5(x) Index. In the initial years (1982-1983), the observed prices were systematically lower 

than the theoretical prices but since 1984 the price difference has become smaller and less 

predictable. The following reasons are provided for the persistent discount during the ftrst 

two years of the index futures trading and some of them may also explain the positive and 

negative mispricing in subsequent years: 

I. The arbitrage argument, which is the basis for the CCM, depends upon a theoretical 

world of perfect markets. In the real world there are markets with transaction costs, 

time delays in executing trades and restrictions on short sales. Arbitrage operations 
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are more difficult to implement; thus a band of values around the theoretical futures 

price can prevail without inducing arbitrage trading. 

2. Modest and Sundaresan (1983) suggest that the futures discount may reflect the 

shon-seller's inability to procure regularly the full proceeds of the shon sales. A 

shon-seller must pay the dividencfs on the borrowed share, but if the full proceeds 

of the shon sale are not available for investing in the money market, the short stock

long futures arbitrage becomes profitable only when the futures price is below the 

current spot index by an amount greater than the dividend yield on the index 

ponfolio. 

:3. Cornell and French (1983 a,b) suggest that the cash position offers a valuable "tax 

timing option." Prior to 1987, the benefits of long-term capital gains could be 

activated by the holder of a cash index position. However, for futures contracts, 

both the realized and unrealized gains or losses are accounted for at the end of the 

fiscal year for determining the tax liability. Thus, for a tax-paying investor, the 

stock index futures may be priced below the theoretical level by an amount equal to 

the value of the tax timing option. later, Cornell (1985 a) studied this issue in detail 

and found that the tax timing option is not an imponant factor in pricing stock index 

futures. The following two explanations are offered: (i) the marginal investor is a 

tax-exempt institution, thus, the tax timing option is wonhless, or (ii) the 

transaction costs, limitations on capital loss deductions for determining the tax 

liability and other tax-related constraints reduce the value of the timing option. 

4. The cost of the initial margin and changes due to the daily marking-to-market could 

explain some of the discount. Most researchers ignore the margin requirements by 

suggesting that it does not always represent an opponunity cost because it can be 

discharged by means of a bank letter of credit or by posting Treasury bills and the 

interest continues to accrue to the investor. However, Telser (1981) provides an 
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interesting argument for costly margin requirements in that interest-bearing 

securities such as Treasury bills are part of an investor's precautionary balance. If 

the securities are committed for margin requirements, then they are unavailable for 

other uses. 

5. Hanson and Kopprasch (1984) suggest that since the stock index does not have a 

simple asset underlying the contract. it requires a large number of securities to be 

assembled to duplicate the index itself and the transaction cost can be prohibitive. 

The changes in the stock index reflecting stock splits, stock dividends, or changes 

in the composition of the index itself funher complicate the matching process. The 

cash settlement procedure on maturity date prevents delivery of the underlying stock 

portfolio, resulting in transaction costs which may be significant. The entire 

portfolio has be be liquidated (or repurchased if shon) simultaneously, if the 

investor does not want to have any un hedged long (or shon position) on the 

expiration date. 

6. To evaluate the potential arbitrage transactions, the value of the stock index must be 

available during trading hours of the futures contract. The values of the index are 

available during trading hours but they may lag market movements, as reflected in 

the index futures. Using intra-day prices, Kawaller, Koch and Koch (1987) show 

that S&P 500 futures price movements consistently lead the index movements by 

twenty to fony-five minutes, while movements in the index rarely affect futures 

beyond one minute. Similar results are reponed by Merrick (1987 b). Thus, while 

a trade may look attractive, where the index looks "cheap" relative to the futures, 

the arbitrageur may find that the surrogate portfolio turns out to be more expensive 

than the indicated index value. 
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7. The seasonality of dividends received from stocks comprising the index based 

portfolio may affect the price of the futures contract. It is apparent from the CCM 

equations (2.1) and (2.2) that large dividends received on earlier dates will increase 

the reinvestment income from dividends, and this increase in dividends and 

reinvestment income will reduce the futures price. It is possible for the futures 

price to trade below the spot price without attracting arbitrage activities. However, 

in Chapter 3, it is shown that it is doubtful whether the reverse futures-spot price 

relationship can be adequately explained by large dividend payments. It is known 

that the dividends on the stock index varies non-linearly with time and this is called 

the "lumpiness of dividends over time" [Gastineau and Madansky (1983), Hanson 

and Kopprasch (1984), Kipnis and Tsang (1984), Modest (1984) and Schwarz, 

Hill and Schneeweis (1986»). Furthermore, the CCM pricing formula requires an 

estimate of the expected dividends over the contrdct period and this increases the 

uncenainty. However, Figlewski (1984 b) suggests that dividends are a small 

component of total return and fairly stable over time. 

In summary, Figlewski (1984 a) suggests that the above "equilibrium" arguments 

attempt to explain the existence of the discount on stock index futures within the context of 

a market in which all investors are behaving optimally, given their expectations and the 

institutional constrdints of the market place. However, the discounts are too large to be 

accounted for by the above factors to maintain the CCM equilibrium relationship. 

The inadequacy of the CCM to predict observed futures prices is also found with 

some of the other rdtional pricing models in financial economic theory. The findings of 

LeRoy and Poner (1981), Shiller (1981 a,b, 1982) and Grossman and Shiller (1981) 

suggest that the observed movement in stock prices appear to be significantly higher than 
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the movement predicted by the valuation models commonly used in financial economic 

theory. For example, Shiller applied the S&P 500 prices (or a proxy for S&P 500) for the 

perioo 1 ~~9-1981 to the classical Dividend Discount Model (DDM) suggested by Gordon 

and Shapiro (1956). The reSull<i of these tests question the validity of numerous efficiency 

market tests in support of the semi-strong form of the efficiency market hypothesis (EMH). 

One of the responses to the empirical evidence presented by Shiller, LeRoy and Porter is by 

Ravin (1983), suggesting that in small samples the "volatility" or "variance bounds" tests 

tend to be biased, often severely, toward rejecting the null hypothesis of market efficiency. 

Thus, the apparent violation of market efficiency may reflect the sampling properties of the 

volatility measures, rather than a failure of the EMH itself. In a recent study, Campbell and 

Shiller (1988) ftv iewed the evidence on whether stock prices are too volatile to behave 

according to the simple present value models. They found that the ratio of a long moving 

average of real earnings to the current stock price is a powerful predictor of stock returns 

particularly when the returns are measured over several years. The tests covered the S&P 

5(x) index and related dividends and earnings for the 1871-1987 period. 

Returning to the main purpose of this chapter, the basic CCM described in equation 

(2.1), with some changes, will be examined, using the overnight federal fui;ds rate as an 

i.1ppropriate cost of financing as opposed to the Treasury bill rate. It is customary to use the 

,(l.te on the Treasury bill whose maturity date is closest to the expiration date of the stock 

index futures contract. Kipnis and Tsang (1984) and Kawaller (1987) suggest that, 

contrary to traditional theory, in practice it is not possible to arrange a truly risk-free 

arbitrage using stock index futures. The reasons given are similar to those provided above 

for the persistent discount in the futures price during the first two years. Although the 

interest rate is tied to the time to expiration of the futures contract in calculating the 

theoretical value, in practice arbitrdgeurs will typically finance this activity using an 
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overnight rate. Arbitrageurs are exposed to an interest ::lte risk because the rate realized 

upon completion of the arbitrage may differ from the term rate IlJlticipated at the initiation of 

the arbitrage (Kawaller and Koch (1984), and Kawaller (1987)]. The latter suggests using 

two different rates: (i) a rate for determining a threshold for buying stocks and selling 

futures, and (ii) another rate for determining a threshold for the reverse trade. Both these 

rates will be greater than the risk-free rate, and will be based on the marginal cost of funds 

for arbitrageurs and on the available alternative fixed income investment returns. 

The short-term interest rates usually associated with carrying costs in the cash and 

futures market are rates on repurchase agreements (repo rates) on Treasury securities. The 

repo market is commonly used to finance short-term government bonds and for investing 

cash held by financial and non-financial institutions on a very short-term basis. It is a large 

dealer market in which most volume consists of overnight sales of govefJ1ment securities 

with an agreement to repurchase these securities a day later at a price reflecting overnight 

interest charges. There is also a term repo market for periods longer than a day, but this is 

a relatively thinner market than the overnight repo market (Schwarz, Hill and Schneeweis 

(1986»). The repo market is essentially a dealer market and the rates are not widely 

published, but the daily rates on federal funds are widely published and these two rates are 

very close to each other as shown in Table VI. These rates are discussed in the next 

section. Commercial banks lend one another funds through the Federal Reserve System or 

through a correspondent bank which is a member of the System. Federal fund loans are 

usually for one day and the rates are marginally above the repo rates since the latter is a 

secured loan. Schwarz, Hill and Schneeweis (1986) also use the federal funds rate as a 

proxy for the overnight repo nile. 
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The basic CCM will be tested using (a) the daily federal funds rate as the 

appropriate rate of financing the spot rate forward to the expiration date. and (b) assuming 

dividends are paid evenly during the year. which in tum will be reinvested at the risk-free 

rate (Treasury bill yield) from the date of payment to the expiration date. The suggested 

version of CCM: 

TFt.n = 

St = 

ft = 
Dt.n = 

TFt.n = St (1 +ft)n-t - Dt.n ; where: (2.2) 
Theoretical futures price of contract at time t. which matures at 
time n 

Value of cash index at time t 

Federal funds rate (overnight rate) at time t 
Cumulative value of dividends payable on the cash index (SO 
during the period t to n. assuming reinvestment at the Treasury 
bill yield. 

As discussed earlier. cumulative dividends should represent the expected dividends 

during the futures contract period. assuming reinvestment at the Treasury bill yield from 

date of dividend payment to expiration date. Daily expected dividend infonnation is not 

readily available. although large stockbrokerage fmns produce the series for their own 

arbitrage trading operations. The procedure used to establish the cumulative value of 

dividends. presented in Table V and discussed in the next section. has the effect of 

removing dividend risk. but the dividend yield remains [Figlewski (1984 b)l. 

Funhennore. it is assumed that the overnight federal funds rate is a reasonable proxy for 

the overnight repo rate. For pricing purposes. futures contracts have generally been treated 

like fOlward contracts in the futures markets lite;ature. In the case of stock index futures it 

is generally assumed that interest rates and div~~~nd payments are known at the beginning 

of the futures contract. Black (1976) made a theoreti:al distinction in the cash flows 

associated with forward and futures contracts. and the differences in the pricing of these 

two types of contracts have also been examined by Cox. Ingersoll and Ross ( 1981). 
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Richard and Sundaresan (1981), Jarrow and Oldfield (1981) and French (1983). A 

common point is that if interest rntes are nonstochastic, then the futures price is equal to the 

forward price. 

In a reasonably frictionless market, deviations from the CCM prices should be 

transitory and should be accompanied by opposing price pressures generated by 

arbitageurs. However, Modest and Sundaresan (1983), Cornell and French (1983 a,b), 

Figlewski (1984 a,b), Merrick (1987 a) and MacKinlay and Ramaswamy (1988), among 

others, report varying degrees of significant deviations from fair relative pricing for stock 

and stock index futures contracts. Similar evidence of mispricing in Treasury bill futures 

market is reported by, among others, Elton, Gruber and Rentzler (1984) and Hedge and 

Branch (1985). The documented mispricings indicate that fUlure~ dud ~ash positions are 

less than perfect substitutes (net of carrying I.;OStS) for the majority of market participants, 

and that arbitrageurs and other investors are unable to exert sufficient pressure to keep these 

prices continuously in their correct theoretical relationship. Garbade and Silber (1983) 

suggest that, in prdctice, the supply of arbitrage services may be less than perfectly elastic 

and in a recent paper, Rubenstein (1987, p. 84) concludes that "the growth in index futures 

trading continues to outstrip the amounts of capital that aI ~ available for arbitrage." The 

following comments by MacKinlay and Ramaswamy (1988, p. 138) summarizes the 

problems encountered by researchers in testing the pricing of stock index futures contmcts: 

"It should be emphasized at the outset that it is extremely difficult to specify a ~ 
for the deviatior.:; (if futures prices from "fair values." These deviations are, 
presumably, aftected by the flow of orders as well as by the difference of opinion 
among participants regarding parameters of the valuation model that provides "fair 
values." It is well known that the ~onventional strategies pursued by arbitra~eurS to 
take advantage of these deviations are lli4 risk free, and are influenced further by 
the transaction costs they involve. The purpose of this article is to examine the 
empirical behavior of these deviations; in doing so, we examine the validity of 
certain propo~'!d hypotheses regarding the stochaMic behavior of these deviations 
given that market participants will attempt to exploit these as profit opponunities." 
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The recent study by MJcKinlay and Ramaswamy (1988), hereafter referred to as 

M&R (1988), comprehensively covers the stock index pricing literature and numerous 

hypotheses are put forward, of which not all relate to stock index pricing. The authors 

provide a detailed theoretical and empirical analysis of S&P 500 futures contracts using 

intraday data in the form of observations at 15-minute intervals for the September 1983 to 

June 1987 contracts (16 contracts). Their hypotheses and findings are discussed and 

analyzed in the next section. An attempt will be made to support/refute their findings. 

In this chapter, the following additional issues and questions will be examined: 

(i) Does the CCM using the federal fund rate provide better estimates of futures 

prices? 

(ii' Can a weekly pattern be observed in the futures mispricing series? 

(iii) Can a trend over time be observed in the futures mispricing series? 

(iv) What are the economic circumstances surrounding the futures mispricing 

series? Are variables such as returns on spot index, returns on index 

futures, volume and open-interest positions in the futures market relevant? 

Data and Empirical Results 

The following data were taken from the Chicago Mercantile Exchange (CME) 

Yearbook for 1984, 1985 and 1986: daily spot prices, futures prices, volume, open

interest and the overnight federal funds rate. The Treasury bill yield was taken from the 

Wall Street Journal. A total of twelve quanerly contracts are examined, providing 716 

daily observations. The daily prices are for up to 67 trading days prior to the expiration of 
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the near tenn futures contract, which represents at lea~t 80% of the total trading volume and 

open- interest. 

The S&P 500 futures price refers to the daily settlement price set by the CME 

Settlement Committee and the S&P 500 index price refers to the daily closing value. The 

CME closes fifteen minutes after the NYSE and the Settlement Committee takes the longer 

trading period into account. The daily risk-free rate is represented by the yield on Treasury 

bills, selecting those with maturity dates closest to the expiration date of the near term 

contracts. The futures contract matures on the third Thursday in March, June, September 

and December. The Wall Street Journal reports daily on Treasury bills: the bid discount, 

the ask discount and the yield, which is based on the asking price. These bills mature on 

Thursdays and they cover the full range of maturities from one week up to the maximum 

fifty-two weeks. The Treasury bill yield based on the asking price i;.; used in this study. 

Dividends were taken from Standard and Poor's Security Price Index Record 

(1986) and Current Statistics Book (published quarterly). At the end of each quarter, 

dividends per share (DPS, adjusted to index) for the previous twelve months are reported. 

The reported DPS is divided by four to give a quarterly dividend, which in tum is spread 

over the number of tmding days for the near tenn contract. This gives a daily dividend 

which will be the same over an approximately sixty-day trading period. In applying the 

above procedure, it is assumed that the dividends for the forthcoming twelve months will 

be the same as the lJlcvious twelve months' dividends. This procedure has the effect of 

removing the dividend risk, but the dividend yield remains IFiglewski (l984b)l. The 

dividend data are presemed in Table Y. Dividends have increased steadily over the three 

year period. 
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In Table VI. the overnight federal funds rate is analyzed. The following two issues 

are addressed: 

I. Is the federal funds rate a "good" proxy for the overnight repo rate? 

2. The conventional wisdom is that the federal funds rate on Wednesdays is 

significantly higher than on other days of the week. because the minimum 

average weekly federal reserve requirements for commercial banks are 

established on Wednesdays. Therefore. should there be any adjustment to 

Wednesdays'rate? 

The overnight repo rate on Fridays for the period March. 1986 to October. 1988 

was obtained from a private source (a large nationally known savings and loan 

association). The 139 weekend repo rates are compared to the weekend overnight federal 

funds rates. The federal fund rate has a mean of 6.80% versus 6.67%; a standard deviation 

of 0.70% for federal funds rates versus 0.68% for repo rates. The paired differences show 

that the federal funds rate is on average 13 basis points above the repo rate. which is 

significantly different from zero at a I % level. However. the federal funds rate is not 

consistently above the repo rate; the federal funds rate exceeds the repo rate on 92 

occasions (66% of total observatiom.j. The federal funds rate exceeds the repo rate by a 

maximum of 185 basis points; Y.'hik: the repo rate exceeds the federal funds rate by a 

maximum of 65 basis points. There are also statistical tests which require no assumption 

regarding the probability distribution of the time series data. such tests are usually referred 

to as non parametric tests or distribution-free tests. They test for stationarity and 

mndomness and are discussed in any standard statistics book. The runs test is a simple test 

for randomness. which is based on the premise that any observation from a horizontal time 
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series with independent error terms is equally likely to be above or below the median of the 

series. First, the median of the series is determined, then assign a plus sign to observations 

above the median and a minus si£n below it. Finally, the pluses and minuses are listed in 

chronological order and the number of "runs," or blocks of pluses and minuses are 

counted. The runs test can be specified around any value, including zero. The latter is 

more meaningful in finance because it signifies gains and losses. The statistical runs test 

shows that the paired differences are randomly distributed around zero at a 5% significance 

level. Based on the above analyses, the overnight federal funds rate may be regarded as an 

"acceptable" proxy for the overnight repo rate. 

The daily federal funds rate was on a down trend during the 1984-1986 period. 

Wednesdays' rates are compared to the rates on Tuesdays, Thursdays and a simple average 

of the Tuesday and Thursday rates. The paired differellces between the rate on 

Wednesdays and each of the other three rates are also reponed in Table VI. Wednesdays' 

rates on average lies between the rates on Tuesdays and Thursdays; however, the rate on 

Wednesdays is substantially greater than on Tuesdays, but the rate on Thursdays is not 

significantly above the rate on Wednesdays. The paired differences test shows that 

Wednesdays' rate exceeds Tuesdays' rate on average by 13 basis points. which is 

significantly different from zero at a I % level. The paired difference test shows that 

Wednesdays' rate exceeds Thursdays' rate on average by I basis point, which is not 

significantly different from zero at a 5% ltvel. Similarly, the paired difference tests shows 

that Wednesdays' rate exceeds the average rate based on Tuesdays' and Thursdays' rates, 

by 6 basis points, which is not significantly different from zero at a 5% level. The above 

analyses show that the federal funds rate on Wednesdays is above the nile on Tuesdays, 

but the higher nlle on Wednesdays is sustained on Thursdays; thus no adjustment is 

suggested. 
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In Table VII, statistical data for the spot index, index futures, and basis are 

presented. Daily closing index and settlement prices move in a fairly close range to each 

other. This is expected, since the spot index and futures price must converge on the 

expiration date. The futures price traded above the spot price on 619 of the 726 days 

examined, for about 85% of the observations. The basis, which is the difference between 

the futures price and the spot index, has a mean of 1.037 and standard deviation of 1.137, 

which shows great volatility. The mean is statistically different from zero at a 1% 

significance level. The stochastic behavior of the daily basis is examined in Chapter 3. 

Daily returns on the spot index and futures index are also reponed in Table VII. The spot 

index returns have a higher mean value and lower standard deviation relative to the returns 

on the futures index. The minimum and maximum values confirm the greater volatility in 

futures index returns. The mean return on the spot index is statistically different from zero, 

but at a 10% significance level, whereas the mean return on the futures index is not 

signiiicantJy different from zero at a 5% level. However, the equal means test shows that 

one cannot reject the null hypothesis that the two means are equal at a 1 % significance 

level. These results are consistent with those reponed by Cornell (1985), although he used 

daily opening and closing prices. The statistical runs test for the spot index returns shows 

that the null hypothesis that returns are randomly distributed around zero cannot be rejected 

at a 5% significance level. The 355 observed runs versus the 364 expected runs indicates a 

small degree of positive autocorrelation. M&R (1988) using intraday data (observations at 

15-minute intervals), found that the positive autocorrelation diminished as the observation 

interval in("Teased (none at 60-minute observation intervals). In the case of dle futures 

index, the statistical runs test results show that the null hypothesis that returns are randomly 

distributed around zero cannot be rejected at a 5% significance level. The 383 observed 

runs versus the 364 expected runs indicates a slight degree of negative autocorrelation. 
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M&R (1988) found that the autocorrelations of the futures series are close to zero a! all 

eight lags (IS-minute intervals). wlth only a slight tendency for the first order 

autocorrelation coefficient to be negative. They speculated that it could be induced by 

observed futures prices bounding between the bid and asked prices. It is doubtful whether 

such an explanation can account for the small degree of negative autocorrelation. based on 

daily settlement prices in the futures market. The negative autocorrelation implies frequent 

price reversals and it may be atuibuted to the faster reaction time to new information of 

futures prices relative to the spot market. Kawaller. Koch and Koch (1987 b) investigated 

the lead and lag relationship between the two markets using minute-by-minute data. The 

empirical results from their causality tests indicate that the futures price leads the spot price 

by twenty to forty-five minutes on the days prior to expiration and on expiration days, 

whereas the lead from the spot price to the futures price seldom exceeded one minute. 

The results of the empirical analyses of the Cost of Carry Model (CCM) for pricing 

S & P 500 near term futures contracts for the 1984-1986 period are reported in Tables VIII 

to XVI. In Table VIII. the theoretical CCM prices. using the federal funds rate, are 

evaluated relative to the actual closing futures prices. Furthermore, the CCM prices based 

on federal funds rates for forward financing are compared to the CCM prices based on 

Treasury bill yields. The riskless rate. represented by Treasury bills or certificate of 

deposits, is the most frequently used nlte in futures contracts pricing literature. The 

arguments for and against using the riskless rate has been discussed in the literature survey 

section. 

S & P 500 futures prices were generally increasing during the 1984-1986 period, 

with a mean daily return of 0.034%. The mean daily futures price was 195.04, while the 

CCM projected mean price was 194.99. The standard deviation of the futures pnce was 
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32.23 versus 32.56 for the CCM. Thus, the CCM prices, based on the federal funds rate, 

are relatively more volatile than the actual futures prices. The actual difference, defined as 

the futures price minus the theoretical CCM price, has a mean of 0.050, which is not 

significantly different from zero at a 5% level. The futures price exceeds the CCM price on 

386 days (53% of total observations), called a futures premium; while the CCM price 

exceeds the futures price on 340 days (47%), called a futures discount. The statistical runs 

test shows that the null hypothesis that the actual differences are randomly distributed 

around zero can be rejected at a 5% signii!cance level. The conventional approach is to 

normalize the actual difference so that any mispricing is measured in relative terms. The 

approach taken by Figlewski (1984 a, b, 1985), and many others, is to measure the 

mispricing relative to the theoretical price: 

Futures Mispricing = 100 (Ft,n - TFt,n){fFt,n ; where: 

Ft,n = Futures price at time t of a contract maturing at time n 

TFt,n = Theoretical futures price of contract at time t, which matures 
at time n. 

(2.3) 

A futures discount (futures premium) is where (2.3) is negative (positive). An 

approach taken by M&R (1988), and others, is to divide by the spot index itself (St). The 

approach taken by Figlewski will be followed here, because it expresses in percentage 

terms the extent that the theoretical price is over-stated (under-stated). The futures 

mispricing has a mean of 0.054%, which is significantly different from zero at a 1 % level. 

Therefore, although the mean of the actual differences is not signific:intly different from 

zero, but in relative terms the mean of the deviations is statistically 'sirnificant. When 

analyzed separately, the mean of the daily futures discount is -0.321 %, while the mean of 
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the daily futures premium is 0.385%, both of which are significantly different from zero at 

a 1 % level. 

The above results are based on using the federal funds rate in the CCM. Where the 

spot index is financed at the Treasury bill yield, the new CCM prices are shown in Table 

VIII. The mean of the CCM prices is 194.75, which is below the mean of both the futures 

price and the federal funds rate CCM price. Howpver, the Treasury bill yield approach has 

a smaller standard deviation (32.47) than under the federal funds rate approach (32.56), but 

both of these are greater than the standard deviation of futures prices (32.23). The actual 

difference test shows that the Treasury bill yield approach has a mean deviation of 0.221 

relative to the futures price, which is significantly different from zero at a 1 % level. 

Whereas, the same test for the federal funds rate approach reveals a mean value of 0.054, 

which is not significantly different from zero at a 5% level. Thus, the CCM prices, with 

federal funds rate, provide relatively superior estimates of futures prices and this approach 

will be adhered to for the remainder of this chapter. 

M&R (1988) hypothesized that the magnitude of the mispricing is positively related 

to the time to expiration date. The empirical evidence, based on intraday data, suppons 

their hypothesis. The regression results of a similar test are reponed in Table IX. The 

absolute value of the futures mispricing is regressed against the number of days to 

expiration date: 

ASS I Futures Mispricing] = a + P (n-t) + [t; where 

ASS I Futures Mispricing] = Absolute value of futures mispricing 

n-t = Number of days to expiration of futures contrdct 

a,p = Panlmeter estimates 

(2.4) 



Et = Standard OLS error term 

Hypothesis Ho: a=O and J3=O 

Ha: afO and/or J3=1o. 
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The constant coefficient (a) has a mean of 0.153%, with a standard deviation of 

0.036%. The slope coefficient (J3) has a mean of 0.006%, with a standard deviation of 

0.001 %. Both coefficients are statistically different from zero at a 1 % significance level. 

These results confirm the findings of M & R (1988). However, the low R2 of 5.9%, 

reported in Table IX, questions the explanatory power of the model itself; a non-linear 

model may provide improved results. 

The deviation in futures pricing is examined, in Tables X and XI, to determine 

whether a weekly pattern of price deviations is discernible. The initial 726 observations are 

reduced by 37 observations which represent the first trading day subsequent to a public 

holiday. This is to conform with the research methodology relating to the day-of-the-week 

effect. In this study, only daily closing prices are available, whereas the results presented 

by, among others, Rogalski (1986), Cornell (1985), and Dyl and Maberly (1986 a,b) are 

based on opening and closing prices. They show that the bulk of the negative returns on 

Mondays can be attributed to the non-trading period from Friday's close to Monday's 

opemng pnce. 

In Table X, the daily distribution of the futures mispricing is presented. The 689 

observations are almost evenly spread across the five trading days, except Mondays and 

Tuesdays have fewer observations, because public holidays and the following day are 

excluded from the test sample. The sample is further analyzed by futures discount and 

premium. The 318 observations (40% of the total 689) where the futures price is at a 
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discount are li;)t evenly spread across the five trading days: only 15% of these 

obsc;1 VQ':0~5 occur on Mondays, whereas 25% of these observations occur on Fridays and 

23% on Thursdays. The reverse situation occurs where the 371 observations (54% of the 

total 689) representing futures premium are analyzed: only 15% of these observations 

occur on Fridays, whereas 23% of the observations occur ~!1 Mondays and Wednesdays. 

It should be noted that the relatively frequent occurrence of futures price premia on 

Wednesdays, supports the earlier finding, reported in Table VI, that the relatively higher 

federal fund rate on Wednesdays is not of a sufficiently large magnitude to suggest any 

downward adjustment. 

In Table XI, the magnitude of the day-of-the-week effect is examined. The net 

mean is the sample mean minus the grand mean, where the latter is based on the total 689 

observations. The studies by Cornell (1985) and Dyl and Maberly (1986 a,b) also examine 

the grand mean and net mean as in this study. The t-statistic tests the null hypothesis that 

the mean (net mean) is equal to zero. The test of the actual differences (Ft,n - TFt,n) show 

that the deviations on Mondays and Tuesdays are positive, 0.190 and 0.167 respectively, 

which are significantly different from zero at a 5% level. Only Friday's deviation had a 

negative mean (-0.111), but it is not significantly different from zero at a 5% level. The F

statistic shows that the null hypothesis that the daily coefficient are equal can be rejected at a 

5% level. The test of the net means show that the deviations on Mondays and Tuesdays on 

average exceed the grand mean of 0.055, but they are not significantly different from the 

grand mean at a 5% level. The net means for the remaining three days are below the grdnd 

mean, but only Friday's net mean of -0.166, is significantly different from the grand mean 

of 0.055 at a 5% level. These results confirm the findings in Table X. 



The pricing deviations are also analyzed in relative tenns in Table XI, where the 

futures mispricing is defined in equation (2.3) as: 100 (Ft,n-TFt,n)ffFt,n. The futures 
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mispricing on Mondays and Tuesdays are positive, which are significantly different from 

zero at a 1 % significance level. This confmns the above findings, but at a higher 

significance level. Furthennore, only Friday's futures mispricing has a negative mean 

(-0.022%), but it is, as previously, not significantly different from zero at a 5% level. The 

F-statistic, as previously, shows that the null hypothesis that the daily coefficients are equal 

can be rejected at a 5% level. The test of the net means show that the futures mispricing on 

Mondays and Tuesdays are above the grand mean of 0.057%, while the net means for the 

remaining three days are below the grand mean. However, only Monday's net mean of 

0.074% and Friday's net mean of -0.079% are significantly different from the grand mean 

of 0.057%, but only at a 10% level. These results con finn the findings based on the actual 

price deviations. 

In summary, futures price deviations from the theoretical CCM prices appear to 

follow the well documented weekend effect anomaly. There is a tendency for futures 

prices to be above the CCM prices on Mondays, whereas the opposite occurs on Fridays. 

There is no satisfactory explanation in the academic literature as to the cause of the weekend 

effect. Therefore, no attempt is made here to give reasons for the weekend futures 

mispricing. It should be reiterated that there is no evidence of research studies relating the 

futures pricing deviations to the financial markets weekend anomalies, although both these 

phenomena are independently well documented in the literature. 

The futures pricing analysis is examined by calendar year in Tables XII and XIII, 

where each year comprises four quarterly futures contmcts. The futures prices and CCM 

prices increased in each of the three years: 1984, 1985, 1986. The futures price deviations 
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expressed in actual index values and in relative tenns both give the same results, refer to 

Table XII. In 1984, the futures mispricing on average was 0.227% per day, which is 

significantly different from zero at a ! % level. The futures contracts traded at a premium 

on 166 days (69% of 240 observations) and at a discount on 74 days (31 % of 240 

observations). The reverse situation occurred in 1986, with a mean futures mispricing of -

0.488% per day, which is significantly different from zero at a 1 % level. The standard 

deviation of 0.526% for 1985 is the highest over the three years. The historical S & P 500 

futures pricing pattern has fluctuated since its inception in 1982: The 1982-1983 period 

was dominated by futures discounts; while the 1984-1985 period was characterized with 

futures premia; the 1986 period was dominated by futures discounts, but the trend towards 

futures discounts commenced in the latter part of 1985. The twelve futures contracts are 

analyzed separately in Table XIV and the results are reconciled to the findings of M & R 

(1988). 

To further test the detenninistic power of the CCM described in equation (2.2), the 

following regression equation is run: 

Ft,n = a + ~ TFt,n+Et 

Hypotheses Ho: a=O and ~= 1 

Ha: a=lO and/or ~4= 1 

(2.4) 

The regression results are presented in Table XIII, where the equation is tested on 

the full sample and separately for each of the three calendar years. For the full sample, 

both a and ~ are significantly different from zero at a 1 % kvel; but the proposition that 

~ 1 can be rejected at a 1 % level. Thus, the null hypothesis is rejected at a 1 % significance 

level. However, the R2 of 99.7% shows that virtually all the variation in the futures price 
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can be related to variations in the CCM price, a finding substantiated with the very small 

standard deviation for J3. The results for 1984 and 1985 are almost identical to the findings 

for the full sample, where the null hypothesis is rejected at a 1 % significance level. The 

null hypothesis cannot be rejected for the 1986 data, where (1=-2.511 and J3= 1.15. The 

two-tailed t-tests show that the null hypothesis that a--o and J3= 1 cannot be rejected at a 5% 

significance level. The R 2 continues to have a high value of 98.6%. These results show 

that the CCM has been relatively more successful in determining futures prices in the latter 

pan of the sample period. These results confirm the findings of, among others, Merrick 

(1987 a, b), M & R (1988), and Saunders and Mahajan (1988) that progressively the 

futures pricing deviations have narrowed because the futures market has matured. 

The futures mispricing over the life of each contract is presented in Table XIV. The 

mean deviation for the full sample was 0.054% per day, with a standard deviation 0.485%. 

The mean is significantly different from zero at a I % level (refer to Tables VIII and XII). 

M & R (1988) reponed an average mispricing of 0.12%, with a standard of 0.44%. The 

mean of eight of the twelve contracts are significantly different from zero at a I % level. 

The twelve contracts have an equal number of positive and negative values. The largest 

mispricing is detected in the December 1984 contract (0.647% per day), which is also 

identified by M&R (1988) with 0.78% per day. The lowest average mispricing is detected 

in the September 1985 contract (0.016% per day), but M & R (1988) identified the 

December 1986 contract with a mean of -0.20%. 

One of the main hypothesis of M & R (1988) is that the futures mispricing is palh 

dependent. An implication of this hypothesis is that, conditional on the mispricing having 

crossed one arbitrage bound, the contract is less likely to cross the opposite bound. The 

upper and lower bounds are set at I 0.4%, ± 0.6%, ± 0.8% of the index value to take 
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account of the variation in transaction costs. Based on conditional probability theory, they 

conclude that the arbitrageurs' option to unwind a strategy prematurely introduces path 

dependence into the mispricing series. In Table XIV, the number of daily observations for 

each contract are separated into futures discount and futures premium, and statistical runs 

tests are conducted. For five of the contracts, the statistical runs tests show that the null 

hypothesis that the discounts/premia are randomly distributed around zero can be rejected at 

a 5% significance level. These five near term contracts traded consecutively, with the 

following maturities: June 1985, September 1985, December 1985, and September 1986, 

December 1986. Thus, it appears that futures prices tend to trade above (below) the CCM 

prices for an appreciable length of time over the contract period. For the other seven 

contracts, the statistical runs tests show that the null hypothesis that the discounts/premia 

are randomly distributed around zero can be rejected at a 5% significance level. However, 

many of these seven contracts reveal relatively greater number of either futures price 

discounts or price premia over a contract's life. Thus, some suppon can be found in the 

analyses in Table XIV for the "path dependent hypotheses" suggested by M&R (1988). 

The final series of tests focus on the behavior of various economic variables under 

conditions of futures discounts and futures premia. In Table XV, the daily returns on spot 

index, futures index and the daily change in basis are divided into two samples: when the 

futures mispricing is at a discount and at a premium. The mean daily return on spot index 

when the futures price is at a discount is -0.054%, but it is not significantly different from 

zero at a 5% level; whereas, the spot index mean daily returns is 0.149% under conditions 

of a futures premium, which is statistically different from zero at a 1 % level. The mean 

return on the futures index when the futures index is at a discount is -0.201% and 0.241 % 

when at a premium, both of which are significantly different from zero at a 1 % level. 

Similar results are found for the mean of the daily change in basis under conditions of 
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futures discount and futures premium. For all three variables, the daily mean for the 

futures discount sample is significantly different from the daily mean for the futures 

premium at a 1 % level. In summary, futures pricing discounts are generally associated 

with "bear" financial markets; futures pricing premia are associated with "bull" financial 

markets. Funhermore. the futures price decreased (increased) by a larger amount relative 

to the spot price in the case of futures price discounts (futures price premia). Thus, futures 

mispricing is associated with stronger price reactions in the fUlw-eS market relative to the 

underlying spot index market. 

In Table XVI, the volume and open-interest for the near term contract and for all 

S&P 50) futures contracts are analyzed. Total volume and total open-interest are included 

in the analysis because they can reflect broad market sentiments; the near term contract, 

generally, goes out of favor at the beginning of the expiration month. when ponfolio 

insurers switch to the second near term contract. 

There exists extensive empirical evidence of the positive relationship between 

trading volume and price volatility for the cash equity markets (Merrick (1987 a) provides a 

list of the major contributors I. The studies by Smirlock and Starks (1985). and Harris and 

Gurel (1986) deal specifically with the S&P 500 spot index. The positive relationship has 

also been reponed for various futures markets. with contributions from Cornell (1981), 

Tauchen and Pitts (1983), Grammatikos and Saunders (1985), and Merrick (1987 a). The 

latter deals exclusively with the S&P 500 futures market. The \olume and open-interest 

under futures pricing discounts are significantly greater than under futures pricing premia 

(equal means t-test shows significance at 1 % level in all cases). Thus, the futures pricing 

discounts occurs during periods of strong futures market participation. 
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Conclusion 

Numerous results are presented relating to the S&P 500 futures contract mispricing 

during the 1984-1986 period. The Cost of Carry Model (CCM) using the federal funds 

rate, a proxy for the overnight repo rate, provides relatively better estimates for near term 

futures contracts. The following findings of previous studies are confirmed: (i) the 

mispricing is positively related to the time to expiration date of the futures contract; (ii) the 

mispricing is path dependent over the contract period; and (iii) the magnitude of the 

mispricing has decreased over the years. However, it is also found that the direction of the 

mispricing appears to go in trends over the years: the initial 1982-1983 period was 

dominated by futures discounts; followed by futures premia in 1984-1985; and back to 

futures discounts in 1986, although the change in direction commenced in the latter part of 

1985. Mispricing also reflects the weekend effect anomaly: there is a tendency for futures 

prices to be above the CCM prices on Mondays, whereas the opposite is detected on 

Fridays. However, the phenomenon calls for funher investigation. Finally, the futures 

discount (futures premia) are characterized by "bear" ("bull") financial markets and the 

extent of price changes are greater in the futures market relative to the spot index market. 

The futures discounts occur during strong futures market participation, as measured by 

volume and open-interest positions, relative to trading during futures pricing premia. 

Thus, the decrease in futures and spot prices are supponed by strong volume and open

interest positions. 



CHAPTER 3 

A STUDY OF THE BASIS DURING THE NEAR TERM S&P 500 

FUTURES CONTRACT PERIOD, WITH SPECIAL ATTENTION TO 

THE CASES WHERE THE BASIS IS NEGATIVE 

Statement of the Problem 
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Chapter 2's focus was on the pricing of the near term S&P 500 futures contract in 

terms of the Cost of Carry Model (CCM). The model is based on arbitrage opponunities 

between the futures market and its underlying spot (cash) market. A mea-;ure of the link 

between the two markets can be described by the basis, which is equal to the futures price 

minus the contemporaneously observed spot price. For stock index futures, the basis 

should reflect, theoretically, the financing cost of carrying the spot position forward to 

expiration date of the futures contract minus the cumulative value of the expected dividends 

to be paid over the contract period. Another imponant propeny is that the basis decreases 

as the expiration date approaches and has a value of zero on the expiration date. The 

change in the basis over time is referred to as basis risk and the management of basis ri~k is 

of primary imponance to hedgers. Working (1953) was the first to acknowledge that cash 

and futures prices do not move perfectly in tandem. There are only a few papers dealing 

extensively with the behavior of the basis and the management of basis risk on stock index 

futures. Some of the contributors to the literature are Weiner (1981), Figlewski and Kon 

(1982), Tosini and Moriarty (1982), Cornell and French (1983 a,b), Modest and 

Sundaresan (1983), Figlewski (1984 b), Modest (1984), Figlewski (1985), MacKinlay 

and Ramaswamy (1988) and Harris (1989). 
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This chapter focuses on the behavior of the daily basis for the period 1984-1986, 

with particular attention to the situation where the basis is not positive. The latter may be 

regarded as an anomaly since the futures price is expected to be above the spot price (except 

on expiration date) by an amount at least equal to the excess of the financing cost over the 

dividend yield. However, a negative basis can arise where the dividend yield exceeds the 

financing cost, but Figlewski (i 984 b) found no such evidence for the period June 1982 to 

September 1983. 

Literature Survey and Rese~tethodoloe:y 

The S&P 500 futures contract accounts for about 75 percent of the stock index 

trading volume and it has generally served as a successful medium for speculating and 

hedging operations. Speculators buy or sell the contract to take advantage of anticipated 

market moves. Investors hedge their stock portfolios in a declining market by selling stock 

index futures via a computerized trading system, known as portfolio insurance. The index 

futures markets have also attracted program traders (known as arbitrageurs) who attempt to 

arbitrage the cash and futures markets, using sophisticated computer systems to identify 

any relative mispricing between the two markets. The exceptionally strong growth in index 

futures trading is facilitated by the high-speed computerized order-execution system, 

Super-DOT (Designated Order Turnaround), to sell (buy) the overpriced (underpriced) 

futures contrdct and to buy (sell) the basket of stocks which track the S&P 500 index. 

Basis risk can arise from a number of different sources and it is a more significant 

problem for stock index futures than for other financial futures, like Treasury bills and 

bonds (Elton, Gruber and Rentzler (1984), Hoag and Labarge (1983) and Figlewski (1984 

b)j. The application of stock index futures in ponfolio insurance usually involves a lTOSS-
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hedge, where the composition of the cash stock portfolio is different from that of the index 

futures and the two do not track each other perfectly. The most apparent cause of basis risk 

is the non-market element (non-systematic element) of returns on the cash stock portfolio, 

because the behavior of the index futures is tied to the underlying stock market index. The 

non-market risk cannot be diversified by hedging operations. 

It is also fairly difficult to implement a perfect arbitrage using the well-known index 

futures contracts, such as the S&P 500 and NYSE indices, since the underlying index 

consists of a large number of securities. Although, the Major Market Index (MMI) futures 

traded on the CBOT consists of only twenty blue-chip securities (eighteen of them 

constitution the thirty Dow Jones Industrial stocks), the S&P 500 and NYSE futures 

continue to account for at least 90% of the stock index futures trading. A trading portfolio 

consists of a small subset (about fifty) of stocks in the index and is trdded against the index 

futures when substantial discrepancies are identified. This is commonly referred to as risk

arbitrage because these transactions are not risk-free and there are sizeable trdnsaction 

costs. Hence, there exists a broad range of values within which the futures price can move 

relative to the spot index without inducing arbitrage trading,which implies that some 

amount of basis risk is expected. 

Another source of basis risk is that dividends are included in the cash stock 

portfolio but are excluded from the stock index and the derivative index futures. However, 

Figlewski (1984 b) reports that dividends constitute a small component of total returns and 

are fairly stable over the short-term, therefore, they should not significantly contribute to 

changes in the basis. 
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The impact of changes in the basis on hedging can be demonstrated by means of the 

following equations [Figlewski (1984 b)J. Assuming the stock index is assembled on a 

cash portfolio whIch pays dividends, called a cash index ponfolio; the expected return will 

be: 

RSt,x = Sx - St + Dt.x 
St 

where: 

RSt,x = 

Sx = 

St = 

Dt,x = 

Expected rate of return on the cash index portfolio from 
time t (the beginning of the investment period) to time x 
(where x < = n; n is the expiration date of the index 
futures contract) 

Expected spot price of cash index ponfolio at time x 

Spot price at t, the beginning of the investment period, of 
the cash index ponfolio 

Expected cumulative value of dividends payable on the 
cash index ponfolio (St) from time t to time x, assuming 
reinvestment at the risk-free rate of interest from date of 
payment to time x. 

(3.1 ) 

The rate of retwn on a futures contract is not a well-defined concept, since taking a 

futures position may not require an initial outlay of capital (the initial margin deposit to 

open a futures position can be posted in the form of interest bearing Treasury bills or a 

letter of credit). Black (1976) considers this issue at length and concludes that the expected 

returns should be in dollar terms. however, for expository convenience it will be defined 

in percentage tenns (refer to Figlewski (1984 b)): 

RFt,x,n = Fx,n - Ft,n; 
St 

where: 

RFt,x,n = Expected return on the index futures contract from time t 
to time x, where the contract matures at time n 

F x, n = Expected futures price at time x of contract maturing at 
time n 

(3.2) 
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Ft,n = Futures price at time t of contract maturing at time n 

The return on the futw'es contract (3.2) can be expressed in tenns of the basis by 

manipulating equations (3.1) and (3.2): 

RFt,x,n, = Sx-St +Ot,x -Dt,x+(Fx,n -Sx)-(Ft,n-St) (3.3) 

St St St 

RFt,x,n, = RSt,x - Dt,x + Bx,n - Bt,n ; where: (3.4) 

St St 

Bx,n = Expected basis at time x of contract maturing at time n; 
where Bx,n = Fx,n - Sx 

Bt,n = Basis at time t (beginning of investment period) of 
contract maturing at time n; where Bt,n = Ft,n - St 

The expected rate of return on a stock index futures contract is equal to the total 

expected return on the underlying cash index ponfolio, minus the expected dividend yield 

on the cash index portfolio, plus expected changes in the basis over the period as a fraction 

of the initial value of the cash index portfolio. All the tenns in the equations are random 

variables, except those observed at time t, the beginning of the investment period. The 

tenn Ot,x refers to the expected dividends payable from t to x, assuming each payment is 

reinvested at the then prevailing risk-free rate of interest from date of payment to time x. 

Both the dividend payments and the future risk-free rates are stochastically determined. 

Furthermore, the impact of daily marking-to-market is ignored since it can be covered by 

posting Treasury bills or by letter of credit, thus the future contrdct is treated as a forward 

contmct. 

Equation (3.4) can be manipulated to determine the rate of return on the cash index 

ponfolio, so that: 
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RSt,x = RFt,x,n + Dt,x - Bx,n - Bt,n (3.5) 

St St 

The change in the basis over time could affect the rate of return on the cash index 

portfolio, if the investment strategy includes the use of index futures. An issue related to 

this is whether the introduction of stock index futures has created greater volatility in stock 

market prices. Edwards (1988 a, b) reports that stock market volatility in the pre-futures 

period (1973-1982) was greater th:ut in the post-futures period (1982-1986). Therefore, 

stock index futures trading may induce only shoo-run volatility, for example on expiration 

days, but not long-run volatility. Merrick (1987 a) studied the relationship ~tween 

arbitrage strategy and stock market volatility and he carne to the same conclusion as did 

Edwards. The conventional wisdom is that the basis should systematically decrease over 

time so that it is zero on the maturity date. Thus it is expected that Bt,n > Bx,n > Bn,n, 

where the investment period ends on the maturity date of the futures contract. when x = n, 

then Sn = Fn,n so as to eliminate any arbitrage opportunities and Bn,n = O. 

In practice, investors do not hold the cash index portfolio itself, but a ponfolio of 

stocks that emulate the index which gives rise to a cross-hedge. The rate of return on the 

actual stock ponfolio will be similar to (3.1): 

RPt,x = 

RPt,x = 

Vx = 

Vt = 

It,x = 

Vx - Vt + It,x; 

Vt 

where 

Expected return on the stock ponfolio from t to x 

Value of stock portfolio at time x 

Value of stock portfolio at time t 

Expected cumulative value of dividends on the stock 
ponfolio (Vt) from t to x, assuming reinvestment at the 
risk-free of interest from date of payment to time x. 

(3.6) 
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On a hedged portfolio, futures contracts on N index "shares" are sold short against 

the long portfolio of stocks. An index share is defined to be an amount of the index 

portfolio itself, whose market value is equal to $1 times the spot index. Most currently 

traded stock index futures have contract sizes of 500 index shares. The expected rate of 

return on a hedged stock portfolio (RHt,x) will be: 

RHt,x = Vx - Vt - It,x - N (Fx,n - Ft,n) 

Vt Vt 

RHt,x = RPt,x - NSt· Fx,n - Ft,n 

Vt St 

RHt,x = RPt,x - ARFt,x,n : where: 

A = The hedge ratio, its the value of the index shares sold forward 
as a fraction of the value of the stock portfolio being hedged; 

A=NS t· 

Vt 

The hedge ratio (A) detennines the overall risk and expected return (RHt,x) 

characteristics of the hedged portfolio, where the risk portfolio fonnula will be: 

(3.7) 

(3.8) 

(3.9) 

o rh2 = orp2 + A2 0 rf2 - 2 A orp,rf ; where: (3.10) 

o rh2 = Variance of the hedged stock portfolio 

o rp2 = Variance of the stock portfolio (not hedged) 

o rf2 = Variance of the index futures contract 

o rp,rf = Covariance between the stock portfolio and the index 
futures contract 

Taking the derivative of (3.10) with respect to A and setting it equal to zero will provide the 

hedge ratio, which minimizes risk: 
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A. * = 0 rp,rf/O rf2 (3.11 ) 

This is easily estimated by running a regression of RPt,x on RFt,x,n using 

historical data. The slope coefficient in the regression equation is A.., which is the beta of 

the stock portfolio with respect to the futures contract. 

Substituting (3.11) into (3.10) yields the variance of returns for the minimum risk 

hedge: 

Omin2 = orp2 (1 - 'l'2rp,rf); where: 

'l'2rp,rf = Correlation coefficient between the returns on the stock 
portfolio and the futures contract. 

(3.12) 

It is apparent from (3.12) that only with perfect correlation can risk be completely 

eliminated by hedging. A study of equation (3.4) reveals that the variance of the expected 

futures return is affected by: (a) The total expected return on the market index portfolio 

(RSt,x); (b) expected dividends on the market index (Dt,x); and (c) the expected change in 

the basis over time (Bx,n-Bt,n). These will affect A.. as well. 

To complete the analysis, the special case is addressed in which dividends are not 

random and the hedged position is held until expiration date of the futures contract. The 

change in the basis will also be non stochastic, thus (3.11) becomes: 

A. *. = 0 rp,rs/ors2 = I3rp; where: (3.13) 

Orp,rs = Covariance between the stock portfolio and the index 

= Variance of the index 



I3rp = Beta coefficient of the stock portfolio with respect to 
the index. 
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With regard to the above, Figlewski (1984 b) finds that while dividends tend to be 

relatively stable, the same is not true of the basis, which is quite volatile over short periods. 

Therefore, using the stock portfolio beta relative to the index as the hedge ratio is unlikely 

to be optimal, except when the position is to be held until IIhlturity of the futures contract. 

There has been extensive discussion of the hedging role of stock index futures 

against stock market volatility and the contributors to the literature, among others, are 

Weiner (1981 ), Figlewski and Kon (1982), Tosini and Moriarty (1982), and Figlewski 

(1984 b). The latter conducted an extensive empirical study of the S&P 500 futures 

contracts for the period June 1982 to September 1983 relative to the following stock market 

indices: S&P 500, NYSE, ASE, NASDAQ's OTe and the DJIA. Daily closing prices 

were used and in most cases the actual dividends paid on the index were available. The 

major findings were: 

(i) The hedging effectiveness of the S&P 500 futures conuact relative to the 

five stock market indices varied significantly and the unsystematic risk in 

cross-hedging is imponant. The hedging effectiveness may be achieved 

with specialized derivative instruments, such as an industry group index 

option or futures, or an individual stock option. 

(ii) Dividend risk is not an important factor in basis risk. 
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(iii) The period of the hedge is important; one day hedges were subject to 

substantially more basis risk than one week hedges, but there was no 

further improvement when the holding period was extended to four weeks. 

(iv) Time to the expiration date became an important factor when the futures 

contract had more than two months to the expiration date. 

(v) Progressively fewer profitable arbitrage opportunities were identified than in 

the 1982-1983 period, because the futures price traded within the range of 

values specified by the cost of carry pricing model (CCM). 

The change in the basis over time is directly affected by the "causal" relation 

between the stock index and the derivative futures contract. There are several recent studies 

on this issue, which include Finnerty and Park (1987), Kawaller, Koch and Koch (1987 a, 

1987 b) and Stoll and Whaley (1987). They all show that the "causality" runs from the 

futures markets to the cash index markets. However, the authors acknowledge that the 

"causality" may be due to the lag that nonsynchronous trading induces into the indices. 

Harris (1989) shows that even after the non synchronous trading is removed, the S&P 500 

futures price strongly leads the S&P 500 index. The study is confined to the intraday price 

changes surrounding the October 1987 stock market crash. 

The recent study by MacKinlay and Ramaswamy (1988) provides a detailed 

theoretical and empirical analysis of the S&P 500 futures arbitrage conditions us;ng 

intraday data: observations at 15-minute intervals for the September 1983 to June 1987 

contracts (16 contracts). They find that futures price changes are not autocorrelated and 

that the variability of these price changes exceeds the variabiiity of price cnanges of the spot 
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index itself. This excess variability remains even after controlling for the nonsynchronous 

prices in the index quotes, which induces autocorrelation in the index changes. They also 

compared the observed futures prices against the theoretical prices as suggested by CCM. 

The average magnitude of the mispricing decreased as time to expiration decreased. The 

futures price was consistently above (or consistently below) the theoretical price over the 

life of a specific futures contract. A specific contract frequently had dominant violations 

either above or below the non arbitrage pricing boundaries over long time periods for up to 

three months. 

An issue which has received wide attention over the past fifteen years is the day-of

the-week-effect. Detailed research on the U.S financial markets by, among others, French 

(1980), Gibbons and Hess (1981), Lakonishok and Levi (1982), and Keirn and 

Stambaugh (1984) clearly show that the mean return on Mondays is less than the returns 

for the other four days, and is negative in general. This anomaly is referred to as the 

"weekend effect." These studies also reveal unusually high returns on Wednesdays and 

Fridays. Similar findings in other countries are reponed by Jaffe and Westerfield (1985). 

A substantial ponion of the negative return can be accounted for by taking the return based 

on Friday's closing price and the opening on Monday, according to Rogalski (1984) and 

Harris (1985). This implies that unfavorable infonnation comes to light over the weekend 

and stock prices adjust very rapidly at the opening session of trading on Monday, to reflect 

the unfavorable information. 

The day-of-the-week effect on the S&P 500 index has been reponed by French 

(1980), Keirn and Stambaugh ( 1984) and Rogalski (1984), and the effect on the S&P 500 

futures market was considered by Cornell (1985) and Dyl and Maberly (1986 a,b). Based 

on the daily opening and closing prices for the period May 3, 1982 to July 24, 1984, 
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Cornell (1985) confinns that the weekend effect exists in the returns on the S&P spot 

market and the bulk of the negative return is confined to the non-trading period from 

Friday's closing price to Monday's opening price. However, the S&P 500 futures reveal 

no weekly pattern of returns. Surprisingly, the daily basis reveals a significant weekly 

pattern of returns, which tends to widen on Mondays and narrow on Tuesdays. On the 

other hand, Dyl and Maberly (1986 a,b) also using daily opening and closing prices repon 

negative returns on Mondays for the S&P 500 futures market and the bulk of the negative 

returns can be attributed to returns based on Friday's closing price and Monday's opening 

price. They replicated the methodology and sample period used by Cornell and also 

enlarged the sample period from May 3, 1982, to December 31, 1985. For both sample 

period the non-trading period weekend effect persisted. The authors alluded to the 

possibility of errors in the data used by Cornell. In this chapter, the day-of-the-week effect 

will be examined, but the sample is confined to the daily closing prices for the 1984-1986 

period. The opening prices are not available. 

There exists extensive empirical evidence of the positive relationship between 

trading volume and price volatility for the cash equity markets I Merrick (1987 a) provides a 

list of the major contributors I. The studies by Smirlock and Starks (1985) and Harris and 

Gurel (1986) deal specifically with the S&P 5(x) spot index. The positive relationship has 

also been reponed for various futures markets, with cuntributions from Cornell (1981), 

Tauchen and Pitts (1983), Grammatikos and Saunders (1985) and Merrick (1987 a). The 

latter deals exclusively with the S&P 500 futures market. The near tenn S&P 500 futures 

contnlct volume and open-interest will be examined to detennine whether a weekly pattern 

of activity in futures contracts is discernible. This aspect has not been covered in the above 

mentioned studies. 
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Finally. the economic circumstances surrounding the presence of negative basis are 

examined. Conceptually. the basis should not be negative except where the expected 

dividend yield exceeds the cost of carrying the cash index forward to expiration date. 

Generally. a positive basis is expected because the cost of carrying the cash index forward 

to the expiration date is expected to exceed the expected dividend yield over the contract 

period, resulting in a positive net financing cost. A positive net financing cost implies a 

positive basis. There is no empirical evidence to show that the dividend yield exceeds the 

cost of carrying the cash index forward to expiration date [Figlewski (1984 b)l. Some of 

the economic variables examined include: returns on the spot index, returns on index 

futures. volume and open-interest activities. and the net cost of financing, using the federal 

funds rate and Treasury bill yield. A review of the literature reveals no published study 

dealing extensively with the issue of the negative basis. For example. the recent study by 

Harris (1989) examined changes at five-minute intervals in the S&P 500 index and futures 

contmct over the ten-day period surrounding the October 1987 stock market crash. The 

main focus of his paper is to explain the large basis spread during this period, after 

adjusting for non synchronous trading. The basis was negative for long periods on October 

19-20 (Monday-Tuesday). 

In summary. the purpose of this chapter is to examine the empirical behavior of the 

basis, particularly where it is negative. The laner may be added to the growing army of 

financial market anomalies. The validity ot the following proposed hypotheses, based on 

conventional wisdom and ancedotal evidence, regarding the stochastic behavior of the basis 

over time is examined: 

(i) The rate of decrease in the daily basis is independent of the time to 

expiration day; 
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(ii) The rate of change in the daily basis is the same across all days of the week: 

Cornell (1985) finds that Monday's basis change to be positive and 

significantly different from zero; 

(iii) lhe volume and open-interest of futures trading is the same across all days 

of the week; 

(iv) There are no significant differences in the behavior of stock index prices, 

index futures prices, volume and open-interest when the basis is negative as 

opposed to being positive; 

(v) The CCM is able to produce values which are consistent with the presence 

of negative basis. 

Data and Empirical Results 

The following data were taken from the Chicago Mercantile Exchange (CME) 

Yearbook for 1984, 1985 and 1986: daily spot prices, futures prices, volume, open

interest and the overnight federal funds mte. The Treasury bill yield was taken from the 

Wall Street Journal. A total of twelve quarterly contmcts are examined, providing 726 

daily observations. The daily prices are for up to 67 trading days prior to the expiration of 

the near tenn futures contmct, which represents at least 80% of the total tmding volume and 

open- interest. 
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The S&P 500 futures price refers to the daily settlement price set by the CME 

Settlement Committee and the S&P 500 index price refers to the daily closing value. The 

CME closes fifteen minutes after the NYSE and the Settlement Committee takes the longer 

trading period into account. The daily risk-free rate is represented by the yield on Treasury 

bills, selecting those with maturity dates closest to the expiration date of the near term 

contracts. The futures contract matures on the third Thursday in march, June, September 

and December. The Wall Street Journal reports daily on Treasury bills: the bid discount, 

the ask discount and the yield, which is based on the asking price. These bills mature on 

Thursdays and they cover the full range of maturities from one week up to the maximum 

fifty-two weeks. The Treasury bill yield based on the asking price is used in this study. 

The dividends were taken from Standard and Poor's Security Price Index Record 

(19~6) and Current Statistics Book (published quanerly). At the end of each quaner, 

dividends per share (DPS, adjusted to index) for the previous twelve months are reported. 

Reponed DPS is divided by four to give a quanerly dividend, which in tum is spread over 

the number of trading days for the near term contract. This gives a daily dividend which 

will be the same over an approximately sixty day trading period. In applying the above 

procedure, it is assumed that the dividends for the forthcoming twelve months will be the 

same as the previous twelve months' dividends. The dividend data are presented in Table 

V. Dividends have inlTeased steadily over the three year period. 

In Table VII, the statistical data for the spot index, index futures, and basis are 

presented. The daily closing index and settlement prices move in a fairly close range to 

each other. This is expected, since the spot index and futures price must converge on the 

expiration date. The futures price traded above the spot price on 619 of the 726 days 

examined, for about 85% of the observations. The basis, which is the difference between 



72 

the futures price and the spot index, has a mean of 1.037 and standard deviation of 1.137, 

which shows great volatility. The mean is statistically different from zero at a 1 % 

significance level. Daily returns on the spot index and futures index are also reported in 

Table VII. The spot index returns have a higher mean value and lower standard deviation 

relative to the returns on the futures index. The minimum and maximum values confirm the 

greater volatility in futures index returns. The mean return on the spot index is statistically 

different from zero, but at a 10% significance level, whereas the mean return on the futures 

index is not significantly different from zero at a 5% level. However, the equal means test 

shows that one cannot reject the null hypothesis that the two means are equal at a 1% 

significance level. These results are consistent with those reported by Cornell (1985), 

although he used daily openmg and Closing prices. 

The statistical runs tests, which is discussed in Chapter 2, for the spot index returns 

shows that the null hypothesis that returns are randomly distributed around zero cannot be 

rejected at a 5% significance level. The 355 observed runs versus the 364 expected runs 

indicates a small degree of positive autocorrelation. MacKin lay and Ramaswamy (1988) 

using intraday data (observations at 15-minute intervals), found that the positive 

autocorrelation diminished as the observa~c!l interval increased (none at 6O-minute 

observation intervals). In the case of the futures index, the statistical runs test results show 

that the null hypothesis that returns are randomly distributed around zero cannot be rejected 

at a 5% significance level. The 383 observed runs versus the 364 expected runs indicates a 

slight degree of negative autocorrelation. MacKinlay and Ramaswamy (1988) found that 

the autocorrelations of the futures series are close to zero at all eight lags (15-minute 

intervals), with only a slight tendency for the frrst order autocorrelation coefficient to be 

negative. They speculated that it could be induced by observed futures prices bouncing 

between the bid and asked prices. It is doubtful whether such an explanation can account 
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for the small degree of negative autocorrelation, based on daily settlement prices in the 

futures market. The negative autocorrelation implies frequent price reversals and it may be 

attributed to the faster reaction time to new information of futures prices relative to the spot 

market. Kawaller, Koch and Koch (1987 b) investigated the lead and lag relationship 

between the two markets using minute-by-minute data. The empirical results from their 

causality tests indicate that the futures price leads the spot price by twenty to fony-five 

minutes on the days prior to expiration and on expiration days, whereas the lead from the 

spot price to the futures price seldom exceeded one minute. 

In Tables XVII and XVIII, the behavior of the daily basis over the 1984-1986 

period is examined. On 107 days the basis was not positive, which includes four non

expiration days, where the basis was equal to zero. The 726 observations are divided into 

two groups: where the basis is positive, called Sample P, and where it is non-positive, 

called Sample N. From Table XVII, it is apparent that the samples are substantially 

different from each other, which is confmned by the equal means test at a I % significant 

level. 

The daily change in basis is defined as follows: 

Bt - Bt-I = (Ft - St) - (Ft-l-St-l) 

Bt - Bt-I = (Ft - Ft- I> - (St-St-l) 

(3.14) 

(3.15) 

The change in the basis depends on the futures price changes relative to spot price 

changes over the contract period. It is expected that Bt < Bt-I since the basis systematically 

decreases over time so that it has a value of zero on the expiration date. The daily change in 

basis has a mean of -0.055 and it is statistically different from zero at a 5% significance 

level. The standard deviation of 0.740 is high relative to the mean of -0.055. The 
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minimum and maximum values confmn the volatility in the series. The statistical runs test 

shows that the null hypothesis that the daily change in basis is randomly distributed around 

zero can be rejected at a I % significance level. The 443 observed runs versus 346 expected 

runs indicates substantial negative autocorrelation in the daily change in basis series. Only 

52% of the observations showed the expected decrease in the daily change in the basis. 

The substantial basis risk during the life of the near term futures contract, suggests that 

portfolio insurers should maintain their hedged position until expiration, when the basis is 

marked to zero. If the hedge is lifted prior to expiration date, an unexpected gain or loss 

may be realized because the spot index and the futures index may not move in tandem. 

Thus, to achieve an effective hedging strategy the hedge should not be lifted prematurely. 

In Table XVIII, the regression results involving the daily basis and daily change in 

basis are presented. The daily basis decreases as time to expiration approaches, but the 

linear relationship is of a modest degree, with an R2 of 16% (R2 of 19.4% where the basis 

is restricted to positive values). On average. the basis decreased by 3.6 points per day for 

the near term contract, which is statistically different from zero at a I % significance level. 

Although, the basis on average decreased over time. the rate of decrease is not significantly 

affected by the time to expiration. as per the regression results. The basis decreased at a 

rate of 0.17 points per day. but it is not statistically significant from zero at a 5% level. 

However, the daily change in basis is directly related to the daily returns on stock index 

futures. The daily change in basis incorporate 32% of the daily returns on futures. which 

is statistically different from zero at a 1% significance level. with an R2 of 15.5%. The 

daily returns on the spot index and on the futures index have a correlation coefficient of 

0.89. Thus. the presence of basis risk is expected because the prices in the two markets do 

not move in tandem. 
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Daily returns on the spot index, futures index and the daily change in basis are 

analyzed to detennine whether a weekly pattern of returns is discernible. The regression 

results are presented in Table XIX. The initial 726 observations are reduced by 37 

observations which represent the first trading day subsequent to a public holiday. This is 

to confonn with the research methodology relating to the day-of-the-week effect. In this 

study only daily closing prices are available, whereas the results presented by, among 

others, Rogalski (1986). Cornell (1985) and Dyl and Maberly (1986 a, b) are based on 

opening and closing prices. They show that the bulk of the negative returns on Mondays 

can be attributed to the non-trading period from Friday's close to Monday's opening price. 

The results in Table VII show that the daily returns on the spot index and index futures are 

not statistically different from each other at a 5% significance level, but the daily change in 

basis provides interesting results. 

The net mean is the sample mean minus the grand mean, where the latter is based 

on the total 689 observations. Cornell (1985) and Dyl and Maberly (1986 a, b) also 

examined the grand mean and net mean as in this study. However, they also examined the 

opening and closing prices. The t-statistic is used to test the null hypothesis that the mean 

(net mean) is equal to zero. The mean return on Mondays for the spot index is negative but 

it is not significantly different from zero at a 5% level. The F-statistic shows that the null 

hypothesis that the daily coefficients are equal cannot be rejected at a 5% significance level. 

These findings are consistent with those reponed by Cornell (1985), in the case where only 

closing prices are used. The returns on Mondays' index futures are not on average 

negative, whereas the Wednesdays' and Fridays' returns are on average negative. 

However, none of the day-of-the-week coefficients are significantly different from zero at a 

5% significance level. nor are any of these coefficients different from each other at a 5% 
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significance level. These results are consistent with the findings of Cornell (1985) and Dyl 

and Maberly (1986 a), in the case where only closing prices are used. 

The mean daily change in basis on Mondays is significantly above the grand mean, 

whereas the mean on Fridays is significantly below the grand mean. Both these 

coefficients are statistically different from the grand mean at a 1 % significance level. 

Funherrnore, each of the two coefficients, in tum, are statistically different from the mean 

daily change in the basis for the other four days at a I % significance level. Based on 

closing prices, Cornell (1985) finds Monday's basis change to be positive and significantly 

different from zero at a 5% level, whereas the mean for the other four days are negative but 

only Tuesday's mean is significantly different from zero at a 5% level. He also repons that 

the daily means are not statistically equal to each other at a 1 % significance level. The basis 

is expected to decrease over time, which implies that the daily change in basis should have 

a downward bias. Thus, the negative average values for the grand mean and the daily 

means, except for Mondays, have the appropriate negative signs. 

The positive mean basis change for Mondays is an anomaly, which can be 

attributed to the negative returns on the spot index and the positive returns on index futures 

on Mondays. There is no satisfactory explanation in the academic literature as to the cause 

of the weekend effect. Therefore, no attempt is made here to give reasons for the weekend 

effect in the daily basis price series. The largest decrease in basis occurs on Fridays, which 

can be attributed to the positive returns on the spot index and the negative returns on index 

futures on Fric<1Ys. This will cause a narrowing of the basis on Fridays and in some cases 

may cause the futures price to fall below the '\pot price. The 107 observations, where the 

basis is non-positive, occur on the following days: 



Monday 15 14% 

Tuesday 22 21% 

Wednesday 23 21% 

Thursday 20 19% 

Friday 21 ~ 
ill ~ 

The daily distribution of observations confinn the Monday and Friday effects 

revealed by the regression analysis reponed in Table XIX. 

In Table XX, the regression results of the day-of-the-week effect relating to 

contract volume and open-interest are presented. Only the near tenn S&P 500 futures 

contracts will be examined. There exists extensive evidence of the positive relationship 
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between price changes and volume of activity in both the spot and futures markets, which 

is discussed in the litemture survey. The net mean is defined as the daily mean minus the 

grand mean, where the latter is based on all 689 observations. T-statistics show that the 

volume on Tuesdays and Wednesdays is, on average, above the grand mean and 

statistically significant at a 5% level. The volume of activity on Fridays is below the grand 

mean and statistically significant at a I % level. The F-statistic confmns that the daily 

volume of activity is not the same across all days of the week at a I % significance level. 

The second regression shows that the open-interest position reveals no weekly pattern of 

activity. The open-interest position is genemlly dominated by ponfolio insurers for 

ponfolio hedging purposes. The volume of activity genemlly reflects the positions taken 

by speculators and stock index arbitmgeurs, who tend to hold their positions in the market 

for very shon intervals, very seldom do they hold overnight positions. The bulk of daily 

trading occurs at the opening and closing of the futures markets IStoll and Whaley (1986»). 
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The lower than average volume of activity on Mondays (although, not significantly 

different from the grand mean) and on Fridays, may be attributed to a "wait and see" 

anitlJde of stock index futures participants. The reasons for the weekend effect in near term 

futures volume may be added to the growing array of financial market anomalies. 

The final series of tests focus on the behavior of various economic variables when 

the basis is either positive or negative. The latter comprises 1 (J7 observations which is 

about 15% of the total observations. 

The distribution of the 107 negative bases by number of weeks from expiration of 

futures contract: 

Week Number 

1 (Expiration Week) 

2 

3 

4 

5 

6 

7 

8 

9 

lO 

11 

12 

13 

Number of Observations 

18 

19 

to 

8 

3 

5 

4 

12 

11 

5 

4 

4 

4 
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The expiration month (weeks 1,2,3) represents 44% of the 107 observations. 

There is generally a switch around this period from the immediate near term contract to the 

second near term contract. It should be reiterated that the basis is expected to decrease as 

expiration date approaches, leading to the greater concentration of negative basis during the 

expiration month, when the basis spread is expected to narrow. 

In Table XXI, daily returns on spot index, futures index and the daily basis change 

are divided into Sample P and Sample N. For all three variables, the mean of Sample P is 

statistically different from the mean of Sample N at a I % significance level. The futures 

market shows greater volatility relative to the spot market in both situations, where the 

basis is positive and where it is negative. The mean of the daily basis change for Sample N 

has the appropriate negative sign since the change in basis should be negative over time. In 

Summary, the negative basis is generally associated with "bear" financial markets and the 

futures market delTeases by a larger amount relative to the spot "!'arket. 

In Table XXII, the volume and open-interest for the near term contract and for all 

S&P 500 futures contmcts are analyzed. The total volume and total open-interest are 

included in the analysis since they can reflect broad market sentiments; the near term 

contrdct, generally, goes out of favor at the beginning of the expimtion month, when 

ponfolio insurers switch to the second near term contract. For the total volume and total 

open-interest position, Sample N is statistically greater than Sample P at a I % significance 

level. The same result is found in the near term open-interest position at a 1 % significance 

level. In the case of the near term contrdct volume, the mean of Sample P is greater than 

the mean of Sample N, but the difference is not statistically significant at a 5% level. 

However, the standard deviation of Sample N is greater than the standard deviation of 
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Sample P, implying greater volume movements when the basis is negative. In summary, 

the negative basis, generally, occurs during periods of strong futures market participation. 

Finally, the cost of carry pricing model (CCM) is analyzed to explain the behavior 

of the basis over time. The CCM can be described as follows: 

TFt,n = 

St = 

ft = 

Dt,n = 

TFt,n = St (1 +ft)n-t - Dt,n ; where: 

Theoretical futures price of contract at time t, which matures 
at time n 

Value of cash index at time t 

Federal funds rate (overnight rate) at time t 

Cumulative value of dividends payable on the cash index (St) 
during the period t to n, assume reinvestment at the Treasury 
bill yield. 

The financing cost element based on the federal funds rate is: 

St (1 +ft)n-t - St 

The net financing cost element based on the federal funds rate is: 

St (! +ft)n-t - St - Dt,n 

(3.16) 

(3.17) 

(3.18) 

If the Treasury bill yield is used in place of the overnight federal funds rate, then ft 

is replaced with rt,n in equations (3.16), (3.17), (3.18), so that rt,n is the Treasury bill 

yield at time t of a bill maturing at time n, the expiration date of the near tenn futures 

contract. 

As discussed earlier, cumulative dividends are hypothesized to represent the 

expected dividends during the futures contract period, assuming reinvestment at the 

Treasury bill yield from date of dividend payment to expiration date. Daily expected 
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dividends infonnation is not readily available, although the large brokerage finns produce 

the series for their arbitrage trading operations. The procedure used to establish the 

cumulative value of dividends, presented in Table V, has the effect of removing the 

dividerd risk, but the dividend yield remains [Figlewski (1984 b)). 

The possible impact of financing cost and dividend yield on the presence of 

negative basis is presented in Tables XXIII, XXIV, XXV. In each case, the full sample of 

726 observations is divided into Sample P, where the basis is positive, and Sample N, 

where the basis is negative. The results in Table XXIII show that for the financing cost 

and dividend yield, the mean of Sample P is statistically greater than the mean of Sample N 

at a I % significance level. The dividend yield exceeds the financing cost on only one day 

out of 726 days, where the federal funds rate is used, and on ten days, in the case of 

Treasury bills. This raises the following question: what amount of increase in the dividend 

yield from its present level, will be sufficient to explain the negative value of the basis. The 

results in Table XXIV show that on average the dividend yield will have to increase by 

276%, where the CCM is based on the Treasury bill yield. In the case of federal funds 

rate, an increase of 296% in dividend yield. The 107 observations are also analyzed by the 

number of weeks to the expiration date. The minimum increase in dividends is 73% In 

week 13 and a maximum increase of 885% in the expiration week. If the 18 observations 

in the expiration week is excluded, the average increase in the dividend yield will have to be 

157%, where the Treasury bill yield is used. Where the federal funds rate is used, an 

increase of 177% in dividend yield. These results show that there would have to be 

substantially large errors in the dividend yield measurements for the dividend yield 

phenomenon to explain the negative basis. Thus, the empirical test results of the CCM fail 

to provide adequate explanations of the negative basis. 
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In Table XXV, the regression results are presented where the daily basis, divided 

into positive or negative, is regressed against the net financing cost, using the federal funds 

rate and Treasury bill yield, respectively. For Sample P, the slope coefficients are 

statistically different from zero at a 1 % significance level. For Sample N, the slope 

coefficients have very small values and are not significantly different from zero at a 5% 

level. Furthennore, the R2 is equal to zero. The results for Sample P show that, on 

average, 83.4% of the changes in the net financing cost. with federal funds rate, is 

incorporated in changes in the basis, with an R2 of 16.3%. Similar results are found 

where the Treasury bill yield is used, except that the basis is more sensitive (it incorporates, 

on average, 114.2% of changes in the net financing costs), with an R2 of 24.1 %. 

The above results could imply occasional periods of disequilibrium between the 

spot and futures markets, so that negative bases may arise. Figlewski (1984 a) observed 

that actual futures prices traded at a discount relative to the theoretical prices in the early 

years and he posited (Page 43): 

"It is more likely that the discount represented a situation of 
disequilibrium - a transitory phenomenon caused by 
unfamiliarity with new markets and institutional interia in 
developing systems to take advantage of the opponunities 
presented. " 

Figlewski (1984 b) found that the initial disequilibrium situation became less 

pronounced with the passage of time. The data in this chapter are for the 1984-1986 period 

and the two markets should be well integrated by then. However, some 

"disequilibrium/anomaly" may occasionally arise, the negative basis is one of them. The 

October 1987 stock market crash lends further support to the assertion of 

"disequilibrium/anomaly". Harris (1989) suggests that the dramatic drop in stock prices in 

October 1987 may be attributed to disintegration of the cash and index futures markets, 
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which in turn may be due to institutional factors and/or investor behavior. For example, to 

take advantage of a negative basis the strategy calls for the purchase of the futures contract 

and the simultaneous sale of a portfolio of securities. However, the negative basis is 

characterized by falling stock prices and the "uptick trading" rule, set by the SEC, may 

prevent shon-selling in the spot market. Thus, the negative basis may prevail. 

Conclusion 

Numerous results are presented relating to the basis for the S&P 500 futures during 

the 1984-1986 period. As expected, the daily basis generally decreases over the contract 

period, but the rate of decrease is independent of the time to expiration. Approximately 

32% of the daily change in futures price is incorporated in daily basis change. The daily 

basis change also reflects the weekend effect anomaly: the change on Fridays is 

substantially negative, but the change on Mondays is, generally, positive. The Monday 

phenomenon calls for further investigation. The decrease in basis on Fridays has lower 

than average trading volume, while Tuesdays and Wednesdays have greater than average 

activity. 

The daily basis is negative on I (J7 days (15% of all observations) and these days 

are characterized by greater volatility in futures prices relative to the spot index. The total 

volume and open-interest on these days are substantially greater than when the basis is 

positive, thus the negative basis anomaly occurs during strong futures market participatioll. 

It is doubtful whether the negative basis can be attributed to a negative net financing cost, 

where the dividend yield exceeds the financing cost of carrying the spot portfolio forward 

to expiration date. The negative basis is most probably due to a shon-tenn disequilibrium 



between the spot and futures markets, which in turn may be due to institutional trading 

factors and investor behavior. 
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APPENDIX A: 

T ABLES I to XXV 
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TABLE I 

REGRESSION RESULTS USING THE TRADITIONAL APPROACH 

Sn = a + 13Ft,n + Et [Equation (1.1) I 

Ho : a = 0 and 13 = 1 

N umber of Contracts Observed: 19 for days 1-39 
18 for days 40-56 
17 for days 57-60 

Days to Constant Slope 
Maturity a to lL-l1 R2 S.E. DWa 

1 -3.374 -1.87 1.018 1.86 .998 1.68 2.50 
2 -4.398 -2.06 1.023 2.00 .998 1.98 2.33 
3 -4.795 -1.74 1.022 1.48 .996 2.55 2.22 
4 -2.766 -0.84 1.013 0.73 .995 3.09 2.82* 
5 -3.723 -1.02 1.019 0.96 .993 3.41 2.55 
6 -5.400 -1.20 1.029 1.16 .990 4.15 2.90* 
7 0.357 0.06 0.991 -0.28 .983 5.45 2.71 
8 -2.007 -0.33 1.002 0.06 .982 5.59 2.76* 
9 0.160 0.03 0.993 -0.22 .980 5.91 2.31 

10 3.353 0.53 0.974 -0.74 .979 6.12 2.23 
11 6.584 1.00 0.955 -1.25 .977 6.41 2.06 
12 5.121 0.81 0.967 -0.96 .978 6.15 2.06 
13 5.798 0.95 0.965 -1.06 .980 5.90 1.76 
14 4.080 0.60 0.972 -0.75 .')75 b.57 2.07 
15 5.492 0.81 0.964 -0.96 .lJ7 'j 6.56 2.28 
16 7.461 1.11 0.953 -1.29 .976 6.55 2.27 
17 5.847 0.79 0.963 -0.92 .971 7.13 2.03 
18 1.987 0.27 0.985 -0.38 .972 6.95 2.14 
19 2.147 0.26 0.986 -0.32 .966 7.71 2.42 
20 1.532 0.18 0.990 -0.22 .963 8.06 2.45 
21 -1.650 -0.17 1.010 0.18 .953 9.10 2.46 
22 1.400 -0.13 1.012 0.21 .948 9.53 2.35 
23 -I. 772 -0.18 1.013 0.24 .953 9.13 2.55 
24 -1.190 -0.11 1.010 0.17 .944 9.93 2.49 
25 -1.950 -0.18 1.017 0.28 .943 9.99 2.47 
26 -0.630 -0.06 1.007 0.12 .942 10.06 2.42 
27 -2.390 -0.23 1.018 0.31 .949 9.43 2.24 
28 -4.650 -0.45 1.028 0.50 .950 9.40 2.26 
29 -7.190 -0.68 1.046 0.79 .949 9.42 2.10 
30 -6.970 -0.61 1.046 0.73 .942 10.12 1.99 
31 -5.830 -0.53 1.043 0.71 .945 9.79 1.85 
32 -8.560 -0.74) 1.056 0.09 .948 9.57 1.72 
33 -5.250 -0.48 1.039 0.65 .946 9.76 1.87 
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TABLE I (continued) 

Days to Constant Slope 
Maturity a to JL...ll &2 ~ ~ 

34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 

a. 

-9.600 -0.86 1.067 1.07 .945 9.79 1.78 
-6.890 -0.55 1.053 0.76 .930 11.06 1.90 
-9.090 -0.73 1.066 0.94 .932 10.93 1.99 
-7.200 -0.59 1.058 0.84 .933 10.82 2.00 
-8.490 -0.67 1.063 0.90 .930 11.07 1.98 
-8.250 -0.61 1.058 0.77 .921 11.77 2.01 
-3.710 -0.24 1.036 0.44 .906 12.04 1.77 
-4.250 -0.27 1.042 0.48 .899 12.52 1.79 
-2.650 -0.17 1.033 0.42 .899 12.47 1.89 
-1.250 -0.08 1.024 0.30 .907 12.00 1.94 
-1.010 -0.07 1.023 0.22 .905 12.12 1.93 
-0.400 -0.03 1.018 0.10 .911 11.75 1.97 
1.970 0.14 1.008 0.52 .908 11.92 1.78 

-4.050 -0.26 1.045 0.23 .900 12.43 1.79 
0.860 0.06 1.019 0.03 .902 12.31 1.74 
4.580 0.29 1.002 0.34 .893 12.84 1.78 

10.610 0.68 0.971 -0.39 .886 13.26 1.74 
11.770 0.79 0.967 -0.41 .893 12.83 1.74 
11.360 0.80 0.968 -0.20 .903 12.27 1.72 
8.710 0.56 0.983 -0.48 .888 13.14 1.78 

12.870 0.79 0.956 -0.64 .874 13.95 1. 91 
14.620 0.91 0.944 -0.64 .876 13.82 1.89 
13.900 0.90 0.945 -0.65 .884 13.37 1.86 
11.220 0.70 0.959 -0.46 .887 12.64 1.93 
12.760 0.78 0.952 -0.53 .882 13.94 1.78 
12.320 0.76 0.954 -0.51 .884 13.80 1.81 
14.780 0.88 0.942 -0.63 .874 14.40 1.78 

There may be some autocorrelation since the OW statistic does not fall into the 
rejection region. For Ho: 1.28 = < ow = < 2.72 (no autocorrelation) at a 5% 
significance level. The DW statistic is inconclusive in these three cases. 

to· T-statistic for testing the hypothesis that a = 0 

t I. T-statistic for testing the hypothesis that ~ = I 
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TABLE II 

DAIL Y MEAN LOG·LINK·RELA TIVES (LLR) 

1 
Log-Link-Relative (LH 1) =1: Log (PH l.n) ; where 

u 

i = 1 (F1t,n) 

i= 1,2 ... 1 are the quarterly contracts; 
Ft is the futures price at time t of contract maturing at time n. 

N umber of Contracts: 19 for days 0 to 39 
18 for days 40 to 56 
17 for days 57 to 60 

Pays to Maturity MeanLLR S.E. Mean 10 

0 -0.00148 0.00206 -0.72 
1 -0.00107 0.00176 -0.61 
2 -0.00319 0.00182 -1.75 
3 0.00265 0.00305 0.87 
4 0.00037 0.00190 0.20 
5 -0.00052 0.00239 -0.22 
6 -0.00385 0.00366 -1.05 
7 -0.00302 0.00226 -1.34 
8 0.00333 0.00243 1.37 
9 0.00015 0.00285 0.05 

10 -0.00048 0.00233 -0.21 
11 0.00312 0.00149 2.09* 
12 0.00259 0.00321 0.80 
13 -0.00330 0.00201 -1.64 
14 0.00060 0.00174 0.34 
15 0.00011 0.00205 0.05 
16 0.00044 0.00194 0.22 
17 -0.00060 0.00258 -0.23 
18 0.00215 0.00304 0.71 
19 0.00046 0.00135 0.34 
20 0.00098 0.00235 0.42 
21 0.00416 0.00293 1.42 
22 -0.00159 0.00313 -0.51 
23 0.00027 0.00234 0.12 
24 0.00233 0.00228 1.02 
25 -0.00178 0.00280 -0.63 
26 -0.00009 0.00218 -0.04 
27 -0.00209 0.00174 -1.20 
28 0.00248 0.00301 0.83 
29 0.00094 0.00212 0.45 
30 0.00321 0.00254 1.27 
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T ABLE II (continued) 

Days to Maturity MeanlLR S,E, Mean 10 

31 -0,00328 0,00226 -1.45 
32 0,00290 0,00260 1.11 
33 0,00183 0,00163 1.12 
34 0,00233 0,00306 0,76 
35 -0,00101 0,00234 -0.43 
36 0,00310 0,00270 1.15 
37 -0,00218 0,00295 -0.74 
38 -0,00391 0,00293 -1.33 
39 0,00094 0,00141 0,66 
40 0.00215 0.00308 0.70 
41 0.00024 0.00169 0.14 
42 0.00003 0.00241 0.01 
43 0.00008 0.00165 0.05 
44 -0.00177 0.00205 -0.86 
45 0.00378 0.00278 1.36 
46 0.00207 0.00242 0.86 
47 0.00267 0.00240 1.11 
48 0.00468 0.00176 2.67* 
49 0.00414 0.00311 1.33 
50 0.00409 0.00271 1.51 
51 -0.00178 0.00325 -0.55 
52 -0.00087 0.00247 -0.35 
53 -0.00248 0.00254 -0.98 
54 -0.00277 0.00191 -1.45 
55 -0.00314 0.00209 -1.50 
56 -0.00701 0.00210 -0.34 
57 0.00207 0.00269 0.77 
58 -0.00054 0.00171 -0.32 
59 0.00244 0.00235 1.04 
60 0.00244 0.00363 0.67 

T-statistic for testing the hypothesis that the mean is equal to zero. 

* Statistically significant from zero at a 5% confidence level. 



TABLE III 

LOG-LINK-RELATIVES (LLR) REGRESSION RESULTS 

Lt + 1 = a + 13 (m) + Et+ 1 ; Where 

Lt+ 1 is the mean of the column log-link-relative for t=O.I .... 60. 

a. 13 are parameter estimates 

m is the days to maturity (m = n - t+ 1) 

Et+ 1 is the standard OLS error tenn. 

NULL HYPOTHESIS: Ho: a = 0 and 13 = 0 

Lt +1 = - 0.0001224 + 0.00001698 m 
(-0.21)* (1.02)* 

60 observations DW=1.78** 

[Equation (1.15) I 

* t-value not statistically significant from zero at a 5% confidence level. 

** No autocorrelation at a 5% significance level. 

Note: Tested for heteroskedasticity by regressing the residuals against time to maturity 
(independent variable) and found no linear relationship. 
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TABLE IV 

These two exhibits are from Kolb, Jordan and Gay (1983), pages 120-121. 

LOG LINK-RELATIVES REGRESSION RESULTS, OLS 

a f3 Gauss-I\f:ul.ov 
Commodity Observations (I) (I) R' OW 'Violations 
Whe:!t 292 .(0)47 -9.34 x 10" .CW6 1.81 O.K. 

(1.27) (.42) 
Com 307 .00J39 -3.75 x 10" .00J2 2.00 O.K. 

(1.34) (.24) 
Oats 245 .00J35 -1.53 x 10" .0011 1.74 Autocorrelallon 

(.82) (.51) 
So)be:iru- 302 7.45 x 10-' - 1.47 x 10-' .0023 1.90 OX 

(2.41 )' (.83) 
SoyoLl 311 9.12xlO-· -4.05 x 10-' .00J1 1.87 HeteroskedasllcllY 

(2.58)' (.21) 
Soy meal 289 -2.72 x 10-' 2.37 x 10-' .0043 2.16 HeteroskedasllcllY 

(.0076) (1.11) 

PI)wood 291 4.80 x 10-' -6.25 x 10-' .00J3 1.86 O.K. 
(1.42) (31) 

Broilers 206 8.78 x 10-' - 5.71 x 10-' .0341 1.88 Heterosked:lSlIcllY 
(3.46)' (2.68)' 

Gold 310 7.24 x 10-' -2.16x 10-' .0047 2.23 Autocorrelallon 
(2.27)' (1.21) 

Silver 456 8.97 x 10-' 2.26 X 10-' .CXXlI 2.03 O.K. 
(3. 77)' (.25) 

G:-'1>lAs 500 - 1.83 x 10-' 3.02 X 10-' .0020 1.98 Heterosked:lSlIcllY 
(2.10)' (1.00) 

T-bnOlls 272 - 5.25 x 10-' 5.l) X 10-' .00-10 1.87 Hetcrosked:lSlIcllY 
(2.18)' (.34) 

'Sigruficant at the 5"10 level 

LOG-LINK,RELATIVES REGRESSION RESULTS, CORRECTED 
a tJ Q 

COIl1I1ItJ(jily Oh\Cn-:lliun, (t) (I) (I) II' 

UJLS 244 3.31 x 10-' - 1.28 x 10" .Ij--.-odl-

(68) (.371 (201)' 

Suy 011 311 938 x 10" -HI X 10" N/A .(mol 

(301)' (.)0) 

Suymc:l1 289 - 1.75 x 10" 2.47 x 10·' N/A ()J6) 

(.46) (117) 

Urullcn 206 902 x 10" -596x 10·' N/A .().I1I8 

(409)' (2801)' 

Colli 310 7.40x 10" -232 x 10" - 12 .01901 

(261)' (I -16) (2 (9)' 

C:-':\IAs 500 1.95 x 10" 3.47 x 10" N/A .oo/i' 
(I 99)' (UO) 

T,lIon.Js 272 - 542 x 10" 6 27 x 10" N/A .lLOO 
(207)' (42) 

'S'gnlrlC:lll1 "Ilhe 5"1, level 
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TABLE V 

RECORD OF DIVIDENDS (DPS) 

Source: Standard and Poor's Security Price Index Record (1986) and Current Statitstics 
(Quarterly) 

12 Month DPS-adjusted Futures 
Period to S&P 500 DPSa DPSb Contract 
Endin~ Index Ouarterly QiWy Maturin~ 

12-31-83 7.09 1.7725 .02813 3-84 
3-31-84 7.18 1.7950 .02849 6-84 
6-30-84 7.31 1.8275 .02900 9-84 
9-30-84 7.38 1.8450 .02883 12-84 

12-31-84 7.53 1.8825 .03036 3-85 
3-31-85 7.66 1.9150 .03040 6-85 
6-30-85 7.74 1.9350 .03023 9-85 
9-30-85 7.84 1.9600 .03063 12-85 

12-31-85 7.90 1.9750 .03213 3-86 
3-31-86 8.02 2.0050 .03123 6-86 
6-30-86 8.10 2.0250 .03164 9-86 
9-30-86 8.23 2.0575 .03215 12-86 

a. It is assumed that the dividends for the forthcoming twelve months will be the same as 
for the previous twelve month period. This is 25% of the total DPS and it is assumed 
to be received evenly over the next quarter. 

b. The quarterly DPS is spread over the number of trading days for the near tenn 
contract. The contracts do not have the same number of trading days. 
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TABLE VI 

ANALYSIS OF OVERNIGHT FEDERAL FUNDS RATE 

Number of Standard 
Desqiption Observations ~a Deyjation Min. Max. 

Time Period: March 1986 to October 1988 

Federal Funds Rate on 
Fridays (Annualized) 139 6.80 0.70 5.63 8.75 

Overnight Repo Rate 
on Fridays (Annualized) 139 6.67 0.68 5.62 8.25 

Paired Difference Between 
Fed Runds Rate and Repo Rateb 139 0.13 0.29 -0.65 1.85 

(5.48)** 

Time Period: January 1984 to December 1986 

Federal Funds Rate on 
Wednesdays (Annualized) 152 8.40 1.67 5.25 13.00 

Federal Funds Rate 
on Tuesdays 148 8.31 1.72 5.00 11.87 

Paired Difference Between 
Wednesdays' and Tuesdays' 
RatesC 145 0.31 0.57 -1.50 2.25 

(2.70)** 

Federal Funds Rate on 
Thursdays 151 8.42 1.67 5.75 11.94 

Paired Difference Between 
Wednesdays' and Thursdays' 
Ratesd 148 0.01 0.43 -2.00 1.62 

(0.41 ) 

Federal Funds Rate 
Average based on Tuesdays' 
and Thursdays' Rat~s 144 8.38 1.69 5.44 II. 78 

Paired Difference Between 
Wednesdays' Rate and the 
Above Average Ratee 141 0.06 0.45 -1.69 1.72 

(1.60) 



94 
T ABLE VI (continued) 

a. T-statistical test of the null hypothesis that the mean of the paired difference between 
the respective rates is equal to zero, where "', .. denotes significance at the 5%, 1 % 
levels respectively. 

b. The statistical runs test shows that the null hypothesis that the paired differences are 
randomly distributed around zero cannot be rejected at a 5% significance level (56 
observed runs versus 63 expected runs). 

c. The statistical runs test shows that the null hypothesis that the paired differences are 
randomly distributed around zero cannot be rejected at a 5% significance level (84 
observed runs versus 73 expected runs). 

d. The statistical runs test shows that the null hypothesis that the paired differences are 
randomly distributed around zero cannot be rejected at a 5% significance level (85 
observed runs versus 75 expected runs). 

e. The statistical runs test shows that the null hypothesis that the paired differences are 
randomly distributed around zero can be rejected at a 5% significance level (84 
observed runs versus 70 expected runs). 
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TABLE VII 

STATISTICAL DATA FOR THE 1984-1986 PERIOD 

Standard t-
Description ~ Deyiation Min. Max. Statistica 

Daily Spot Index (St) 194.01 32.67 147.82 254.00 

Daily Near Tenn 
Futures Price (Ft,n) 195.04 32.23 148.85 254.65 

Daily Basis (Bt) 
(Bt = Ft,n-St) 1.037 1.137 -1.76 5.06 24.59** 

Daily Returns on Spot 
Indexb 0.054 0.813 -4.81 2.84 1.80 

Daily Returns on 
Futures c,d 0.034 0.910 -5.50 4.98 1.01 

a. Two-tail test of the null hypothesis that the mean is equal to zero, where *, ** denotes 
significance at the 5%, 1 % levels, respectively. 

b. This is defined as 100 (St-St-l }/St-l. The statistical runs test shows that the null 
hypothesis that returns are randomly distributed around zero cannot be rejected at a 
5% significance level (355 observed runs versus 364 expected runs). 

c. This is defined as 100 (Ft,n - Ft-l,n}/Ft-l,n. The statistical runs test shows that the 
null hypothesis that returns are randomly distributed around zero cannot be rejected at 
a 5% significance level (393 observed runs versus 364 expected runs). 

d. The statistical test of the null hypothesis that the mean of the daily spot returns is 
equal to the mean of the daily futures returns cannot be rejected at a 5% significance 
level, because the t-value is -0.44 with 1432 degrees of freedom. 
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TABLE VIII 

ANALYSIS OF COST OF CARRY MODEL (CCM) 

CCM: TFt.n = St (1 +ft)n-t - Dt.n [Equation (2.2)1 

Futures Discout (Premium) = 100 (Ft.n - TFt.n){fFt.n < 0 ( > 0) 
[Also called Futures Mispricing] [Equation (2.3») 

Number of Standard 
Description Observations Msdw Deyiation Min. Max. 

Daily Futures (Ft.n) 726 195.04 32.23 148.85 254.65 

CCM (TFt.n) 726 194.99 32.56 149.29 254.87 

Actual Difference 
(Ft.n-TFt.n) 726 0.050a 0.925 -2.640 4.176 

Futures Mispricing 726 0.054b 0.485 -1.120 2.250 

Futures Discount 340 -0.321 0.251 -1.120 0.000 

Futures Premium 386 0.385 0.391 0.000 2.250 

CCM. Forward Financing 
at Treasury Bill Yieldc 726 194.75 32.47 149.03 254.31 

Actual Differences with 
Treasury Bill Yieldc 726 0.221 d 0.886 -2.487 4.296 

a. Two-tail test of the null hypothesis that the mean of the actual difference is equal to 
zero cannot be rejected at a 5% significance level (t-value of 1.44). The statistical 
runs test shows that the null hypothesis that the actual differences are randomly 
distributed around zero can be rejected at a 5% significance level (222 observed runs 
versus 362 expected runs). 

b. The two-tail test of the null hypothesis that the mean of the futures mispricing is equal 
to zero can be rejected at a 1 % significance level (t-value of 3.00). 

c. The CCM is used. except that the federal funds rate (ft.n) is replaced with the 
Treasury bill yield (rt.n). 

d. Two-tail test of the null hypothesis that the mean of the actual difference is equal to 
zero can be rejected at a I % significance level (t-value of 6.71). 
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TABLE IX 

REGRESSION RESULTS OF FUTURES MISPRICING 

ABS [Futures Mispricingl = a + ~ (n-t) + Et [Equation (2.4)1 

Null HJ·~thesis: Ho: a = 0 and ~ = 0 

Results: Constant Coefficient (a) of 0.153%, with standard deviation of 0.036% 
t-statistica (4.28)** 

Slope Coefficient (~) of 0.006%, with standard de'/iation of .00 I % 
t-statistica (6.75)** 

R2 = 5.9% 
DW = 2.20b 
725 observations 

Reject Null Hypothesis at 1% sienificaoce leyel 

a. Two-tail test of the null hypothesis that the coefficient mean is equal to zero. where *. 
** denotes significance at the 5%, 1 % levels respectively. 

b. The intial regression results revealed strong positive autocorrelation (DW = 1.03), 
which was corrected by the Cochrane-Orcutt iterative least squares technique. The 
corrected results show no autocorrelation at a 5% significance level. Also tested for 
heteroskedasticity by regressing the residuals against time to expiration date 
(independent variable) and found no linear relationship. 
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TABLE X 

DAILY DISTRIBUTION OF FUTURES MISPRICING 

Total Discount Premium 
Observ. Percent Observ. Percent Observ. Percent 

Mon. 132 19 48 15 84 23 

Tues. 130 19 58 18 72 19 

Wed. 145 21 61 19 84 23 

Thurs. 147 21 73 23 74 20 

Fri. ill 2Q 1li II 51 U 

Total .Q.82a .lOO Jlib .lOO ill 100 

a. There are 689 observations because all holidays and the following trading days are 
excluded. The futures mispricing is defined in Table VIII. 

b. The 318 days that the futures price traded at a discount relative to the CCM, 
represents 46% of the 689 observations. The statistical runs test result, reported in 
Table VIII note (a), shows that the discounts and premia are not randomly distributed 
around zero. 
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TABLE XI 

DAY-OF-THE-WEEK EFFECT IN FUTURES MISPRICING 

MON. TUES. ~. THUR. ill· E:.M.iU. b 

Observaiionsa 132 130 145 147 135 

Actual Futures Price minus CCM, using Federal Funds RateC (Grand Mean = 0.055) 

Mean 0.190 0.167 0.015 0.024 -0.111 2.42* 
t-statisticd (2.38)· (2.08)* (0.20) (0.32) (-1.41) 
Net Mean 0.136 0.113 -0.039 -0.031 -0.166 
t-statisticd (1.70) (l.40) ( -0.52) (-0.40) (-2.10)* 

Futures Mispricinge (Grand Mean = 0.57%): 

Mean 0.131 0.114 0.029 0.040 -0.022 2.31 ... 
t-statistic (3.12)** (2.70)** (0.73) (1.00) (-0.54) 
Net mean 0.074 0.057 -0.028 -0.017 -0.079 
t-statistic (1.77) (1.35) (-069) (-0.43) (-1.91) 

a. There are 689 observations because all holidays and the following trading days are 
excluded from this sample. Thus, all the data are "nonnal" one-day and weekend 
"price difference." The mean of all 689 observations is the grand mean. The net 
mean for each of the five days is the daily mean minus the grand mean. 

b. The F-statistic is to test the null hypothesis that all the coefficients are equal in the 
regression Rt = a I D I + a2 02 + a3 D3 + 114 04 + a5 05 + et, where Rt is the "price 
difference" anc! DI to D5 are day-of-the-week dummy variables. In both cases the 
daily coefficients are statistically different from each other at a 5% signilicance level, 
denoted with ..... 

c. This is the same as the Actual Difference (Ft,n - TFt,n) in Table VIII, except the 
sample is restricted to 689 observations. 

d. The t-statistics are two-tail test of the null hypothesis that the mean (net mean) is e4ual 
to zero, where"', .. denotes significance at the 5%, I % levels, respectively. 

e. This is the same as in Table VIII, except the sample is restricted to 689 observations. 
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TABLE XII 

ANALYSIS OF FUTURES MISPRICING BY YEAR 

Description Full Sample ~ lID mQ 

N umber of Observations: 
Total 726 240 242 244 
Discount 340 74 108 158 
Premium 386 166 134 86 

Daily Futures Price (Ft,n): 
Mean 195.04 161.84 186.78 235.90 
Standard Deviation 32.23 6.09 8.42 12.63 

CCM (TFt,n): 
Mean 194.99 161.46 186.56 236.34 
Standard Deviation 32.56 5.69 8.77 12.54 

Actual Difference (Ft,n-TFt,n): 
Mean 0.050 0.379 0.216 -0.439 
t-statistica (1.44) (7.98)** (3.56)** (-7.84)** 
Standard Deviation 0.925 0.734 0.945 0.874 

Futures Mispricing: 
Mean 0.054 0.227 0.126 -0.188 
t-statistica (3.00)** (7.90)** (3.74)** (-7.86)** 
Standard Deviation 0.485 0.445 0.526 0.373 

a. Two-tail test of the null hypothesis that the mean of the deviations (in actual and 
relative terms) is equal to zero, where *, ** denotes significance at 5%, 1 % levels, 
respectively. 
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TABLE XIII 

REGRESSION RESULTS BY YEAR 

Ft,l"! = a + J3 TFt,n + Et; where: [Equation (2.5)) 

Ft,n and TFt,n are the futures price and CCM price respectively 

a,J3 are parameter estimates 

Et is the standard OLS error term 

Null Hypothesis: Ho: a = 0 and J3 = 1 

Constant 
Coefficient (al 

Full Sample (726 observations): 

Slope 

Coefficient (6) 

t-statb 

6=1 

Mean 2.087 0.900 -5.38** 
t-statistica (5.38)** (505.72)** 
Standard Dev. 0.387 0.002 

Reject Null Hypothesis at 1 % significance level 

1984 (240 observations): 
Mean -9.503 1.053 4.14** 
t-statistica (-4.57)** (81.91)** 
Standard Dev. 2.076 0.129 

Reject Nyll Hypothesis at 1% significane level 

1985 (242 observations): 
Mean 8.938 0.953 -4.04** 
t-statistica (4.13)** (82.40)* * 
Standard Dev. 2.164 0.116 

Reject Null Hypothesis at I % significance level 

1986 (244 observations): 

99.7% 

96.6% 

96.6% 

2.29 

2.16 

2.31 

Mean -2.511 1.009 1.15 98.6% 2.1 X 
t-statistica (-1.40) (132.79)** 
Standard Dev. 1.790 0.008 

Cannot Reject Null Hypothesis at 5% significance level 

a. Two-tail test of the null hypothesis that the coefficient mean is equal to z~ro, wh~r~ *, 
** denotes significance at the 5%, 1 % levels, respectively. 

b. Two-tail test of the null hypothesis that the slope coefficient (J3) is equal to on~, 
where *, ** denotes significance at the 5%, I % levels, respectively. 



T ABLE XIII (continued) 

c. The initial regression results revealed strong positive autocorrelation, which was 
corrected by the Cochrane-Orcutt iterative least squares technique. The reported 
results show no autocorrelation at a 5% significance level. Also tested for 
heteroskedasticity by regressing the residuals against the time to expiration date 
(independent variable) and no linear relationship was detected. 

102 
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TABLE XIV 

ANALYSIS OF FUTURES MISPRICING BY CONTRACT 

Contract Standard Number of O12~[Y"'liQD:i ~umber Q{ Rl.!n~b 
Maturin~ ~a Deyiation ThW DiSCQuDl Premium Ak1wil Expected 

3/84 0.253 0.353 50 11 39 16 18 
(5.07)** 

6184 -0.027 0.245 63 35 28 26 32 
( -0.88) 

9/84 0.070 0.344 67 23 44 27 31 
( 1.66) 

12/84 0.647 0.475 60 5 55 11 10 
(10.55)** 

3/85 0.498 0.631 54 13 41 18 20 
(5.80)** 

6185 0.262 0.390 67 17 50 19* 26 
(5.50)** 

9/85 -0.016 0.410 62 36 26 20* 30 
(0.30) 

12/85 -0.251 0.359 59 42 17 22* 31 
(-5.36)** 

3/86 -0.080 0.384 60 33 27 28 30 
(-1.61) 

6186 -0.130 0.328 62 38 24 25 30 
(-3.12)** 

9/86 -0.250 0.366 61 41 20 15* 27 
(-5.32)** 

12/86 -0.290 0.381 61 46 15 10* 23 
-(5.95)** 

a. The t-statistics are in parenthesis, which are two-tail test of the null hypothesis that 
the coefficient estimate is equal to zero, where *, ** denotes significant at 5%, 1% 
levels, respectively. 

b. These are statistical runs test results, where * denotes that the null hypothesis that the 
future mispricing is randomly distributed around zero can be rejected at a 5% 
significance level. 



TABLE XV 

ANALYSIS OF' PRICE CHANGES ASSOCIATED WITH 
FUTURES MISPRICING 

104 

Number of Standard t- Equal Means 
Description Observations ~a De"iation mL.b l:..WlL.c 

Daily Returns on Spot Indexd: 
Full Sample 726 0.054 0.813 1.80 
Discounta 340 -0.054 0.846 -1.17 -3.36** 
Premiuma 386 0.149 0.771 3.80** (690) 

Daily Returns on Futures Indexd : 
Full Sample 726 0.034 0.910 1.01 
Discount 340 -0.201 0.924 -4.02** -6.70 
Premium 386 0.241 0.845 5.61 ** (691) 

Daily Change in Basis: 
Full Sample 726 -0.055 0.740 -1.98 
Discount 340 -0.296 0.689 -7.91** -8.67 
Premium 386 0.158 0.719 4.31 ** (718) 

a. The full sample is divided into two groups: where the futures price trades at a 
discount relative to the CCM, and whre it trades at a premium. 

b. Two-tail test of the null hypothesis that the mean is equal to zero, where *, ** 
denotes significance at the 5%, 1 % leveles, respectively. 

c. Two-tail test of the null hypothesis that the mean of the futures discount sample is 
equal to the mean of the futures premium sample, where ** denotes significance at a 
1 % level. The degr~es of freedom are in parentheses. 

d. Two-tail test of the null hypothesis that the mean of the daily spot index returns is 
equal to the mean of the daily futures returns cannot be rejected at a 5% significance 
level, except where the futures trade at a discount: 

t -Stati stics dL 

Full Sample 0.44 1432 
Discount -2.17* 672 
Premium -1.58 763 



TABLE XVI 

ANALYSIS OF TRADING ACTIVITY ASSOCIATED 
WITH FUTURES MISPRICING 
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Number of Standard Equal Means 
Description Observations Mgm Median 

Total Volume (All S&P 500 Futures Contracts): 
Full Sample 726 62,180 60,362 
Discount a 340 64,755 63,576 
Premiuma 386 59,911 57,348 

Contract Volume (Near Term Futures Contracts): 
Full Sample 726 54,291 53,932 
Discount 340 57,139 57,671 
Premium 386 51,783 51,686 

Total Open-Interest (All S&P 500 Futures Contracts): 
Full Sample 726 66,606 60,522 
Discount 340 75,225 66,889 
Premium 386 59,014 55,142 

Contract Open-Interest (Near Term Futures Contracts): 
Full Sample 726 54,299 51,770 
Discount 340 62,877 57,371 
Premium 386 46,744 43,577 

Deviation 

19,820 
19,577 
19,780 

20,861 
20,590 
20,801 

32,202 
34,373 
28,090 

26,877 
31,356 
19,297 

t-Stat.c 

3.31 ** 
(714) 

3.48** 
(714) 

6.90** 
(655) 

8.22** 
(549) 

a. The full sample is divided into two groups: where the futures price trades at a 
discount relative to the CCM, and where it trades at a premium. 

b. Two-tail test of the null hypothesis that the mean of the futures discount sample is 
equal to the mean of the futures premium sample, where ** denotes significance at a 
I % level. The degrees of freedom are in parentheses. 
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TABLE XVII 

STATISTICAL ANALYSIS OF BASIS 

Number of Standard 
Description Observations ~a Deviation Min. Max. 

Daily Basis (Bt)b 726 1.037 1.137 -1.76 5.06 
(Bt=Ft,n-St) (24.59)** 

Positive Basisc 619 1.297 1.015 0.01 5.06 
(Sample P) (31.79)** 

Negative Basisc 107 -0.462 0.422 -1.76 0.00 
(Sample N) ( -11.32)** 

Daily Change in Basisd 726 -0.055 0.740 -4.54 4.61 
(-1.98)* 

a. The t-statistics are in parentheses, which are two-tailed test of the null hypothesis that 
the mean is equal to zero, where *, ** denotes significance, at the 5%, 1 % levels, 
respectively. 

b. The 726 observations can be divided into two groups: where the basis is positive, 
called Sample P, and where the basis is negative, called Sample N. The latter 
includes four observations where the basis is zero other than on expiration date. 

c. The two-tail test of the null hypothesis that the mean of the positive basis is equal to 
the mean of the negative basis can be rejected at a 1 % significance level, because the 
t-value is 30.5 with 362 degrees of freedom. 

d. This is defined as Bt-8t-1. The statistical runs test shows that the null hypopthesis 
that the daily changes in ba~is is random distributed around zero can be rejected at a 
1 % significance level (443 observed runs versus 362 expected runs). 
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TABLE XVIII 

REGRESSION RESULTS OF BASIS 

Dependent Constant Slope Indendent 
Variable Coefficienta Coefficienta variable &2 DW b 

~ 

Daily Basis -0.085 0.036 Maturity 16.0% 2.43 
(-0.66) (11.77)** 

Daily Basis-Positive 0.175 0.034 Maturity 19.4% 2.40 
(Sample P) (1.49) (12.24)** 

Daily Change in Basis -0.016 -0.001 Maturity 0 2.83 
(-0.30) (-0.80) 

Daily Change in Basis -0.065 0.320 Daily 15.5% 2.73 
(-2.59)** (11.53)** returns on 

futures 

a. The t-statistics are in parentheses, which are two-tailed test of the null hypothesis that 
the coefficient estimate is equal to zero, where •• denotes significance at the 1 % 
level. There are 726 observations, except for Sample P which has 619 observations. 

b. These results are corrected for autocorrelation using the Cochrane-Orcutt iterative 
least squares techniques. They were also tested for heteroskedasticity. by regressing 
the residuals against days to maturity (independe:1t variable) and found no linear 
relationship. 
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TABLE XIX 

DAY-OF-THE-WEEK EFFECT IN SPOT, FUTURES AND BASIS 

MON. ~. ~. THUR. FRI. F-stat. b 

Observation sa 132 130 145 147 135 

Daily Returns on Spot Index (Grand Mean = 0.069%): 
Mean -0.042 0.133 0.042 0.114 -0.094 1.01 
t-statisticc ( -0.59) ( 1.88) (0.62) (1.70) (1.35) 
Net Meana -0.110 0.065 -0.027 0.045 0.025 
t -statisticC ( -l.57) (0.91 ) ( -0.40) (0.67) (0.36) 

Daily Returns on Futures (Grand Mean = 0.056%): 
Mean 0.084 0.124 -0.020 0.106 -0.010 0.76 
t-statistic ( 1.07) ( l.57) (-0.27) (1.43) (-0.12) 
Net Mean 0.028 0.068 -0.076 0.050 0.065 
t -statistic (0.35) (0.86) (-l.02) (0.67) (0.84) 

Daily Changes in Basis (Grand Mean = -0.041 %): 
Me;.m 0.156 -0.009 -0.111 -0.023 -0.211 4.69** 
t -statistic (2.47)* (-0.14) (-l.83) (-0.83) (-3.37)** 
Net Mean 0.197 0.032 -0.069 0.018 -0.170 
t-statistic (3.12)** (0.50) (-1.15) (0.31 ) (-2.71)** 

a. There are 689 observations because all holidays and the following trading days are 
excluded from this sample. Thus, all the data are "nonnal" one-day and weekend 
returns. The mean of all 689 observations is the grand mean. The net mean for each 
of the five days is the daily mean minus the grand mean. 

b. The F-statistic is to test the null hypothesis that all the coefficients are equal in the 
regression Rt = aiD 1 + a2 D2 + a3 D3 + a4 D4 + a5 D5 + et, where Rt is the daily 
return and D 1 to D5 are day-of-the-week dummy variables. The daily change in basis 
is the only case where the daily changes are statistically different from each other at a 
I % significance level, denoted with **. 

c. The t-statistics are two-tail test of the null hypothesis that the mean (net mean) is equal 
to zero, where *, ** denotes significance at the 5%, I % levels, respectively. 
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TABLE XX 

CONTRACT VOLUME AND OPEN-INTEREST: 
DAY-OF-THE-WEEK EFFECT 

MQN. TUES. ~. THUR. FRI. EMaLc 

Observationsa 132 130 145 147 135 

Near Tenn Futures Contract Volume (Grand Mean = 54.416): 
Net Meana -2679 3879 3438 -282 -4498 4.31 ** 
t-statisticd ( -1.49) (2.14)* (2.00)* (-0.16) (-2.53)** 

Near Tenn Futures Contract Open-Interest (Grand Mean = 54,240): 
Net Meanb 848 127 -403 -766 307 0.()7 

t -statisticd (0.36) (0.05) (-0.17) (-0.34) (0.12) 

a. The net mean for each of the five days is the daily mean minus the grand mean. The 
latter is based on 689 observations (refer to (a) in Table IX), with a mean of 54,416 
contracts and standard deviation of 20,838. A contract represents $500 times the 
current market value fo the S&P 500 index. 

b. The net mean for each of the five days is the daily mean minus the gmnd mean. The 
latter is based on 689 observations resulting in a mean of 54,240 contracts and 
standard deviation of 26,977. 

c. The F-statistic is to test the null hypothesis that all the coefficients are equal in the 
regression Ct = al 01 + a2 02 +a3 03 + a4 04 + a5 05 + et, where Ct is the daily 
volume (open-interest) and 01 to 05 are day-of-the-week dummy variables. The 
daily volume is statistically different from each other at a I % significance level, 
denoted with **. 

d. The t-statistics are two-tail test of the null hypothesis that the net mean is equal to 
zero, where *, ** denotes significance at the 5%, I % levels, respectively. 
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TABLE XXI 

STATISTICAL ANALYSIS OF POSITIVE AND NEGATIVE BASIS 

Number of Standard t- Equal Means 
Description Observations Deviation mLb tlYlL.c 

Daily Returns on Spot Indexd: 
Full Sample 726 -0.054 0.813 1.80 
Sample pa 619 0.116 0.780 3.70** 4.47** 
Sample Na 107 -0.302 0.911 -3.43** (134) 

Daily Returns on Futuresd : 
Full Sample 726 0.034 0.910 1.01 
Sample P 619 0.131 0.856 3.81 ** 6.36** 
Sample N 107 -0.527 1.009 -5.40** (133) 

Daily Change in Basis: 
Full Sample 726 -0.055 0.740 -1.98* 
Sample P 619 0.023 0.726 0.80 7.53** 
Sample N 107 -0.504 0.658 -7.92** (154) 

a. The full sample is divided into two groups: where the basis is positive, called Sample 
P, and for the negative basis, called Sample N. The latter group includes four 
observatior-s where the basis is zero other than on expiration days. 

b. Two-tail test of the null hypothesis that the mean is equal to zero, where *, ** 
denotes significance at the 5%, I % levels, respectively. 

c. Two-tail test of the null hypothesis that the mean of Sample P is equal to the mean of 
Sample N, where ** denotes significance at a 1 % level. The degrees of freedom are 
shown in parentheses. 

d. The two-tailed test of the null hypothesis that the mean of the daily spot index returns 
is equal to the mean of the dialy futures returns cannot be rejected at a 5% significance 
level: 

Full Sample 
Sample P 
Sample N 

t-statistics 
0.44 

-0.33 
1.71 

ti 
1432 
1225 
209 
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TABLE XXII 

CONTRACT VOLUME AND OPEN-INTEREST ASSOCIATED WITH 
POSITIVE ANE NEGATIVE BASIS 

Number of Standard Equal Means 
Description Observations ~ Deviation l:mLb 

Total Volume (All S&P 500 Futures Contracts): 
Full Sample 726 62,180 19,819 
Sample pa 619 60,642 19,204 -4.79** 
Sample Na 107 71,073 21,047 (138) 

Contract Volume (Near Term Futures Contracts): 
Full Sample 726 54,291 20,861 
Sample P 619 54,792 20,009 1.33 
Sample N 107 51,392 25,143 ( 130) 

Total Open-Interest (All S&P 500 Futures Contracts): 
Full Sample 726 66,606 32,202 
Sample P 619 62,184 29,836 -8.67** 
Sample N 107 92,198 33,582 ( 136) 

Contract Open-Interest (Near Term Futures Contracts): 
Full Sample 726 54,299 26,877 
Sample P 619 52,045 24,450 -4.33** 
Sample N 107 67,342 35,049 ( 124) 

a. Refer to Table XI for the division of the full sample into Sample P and Sample N. 

b. Two-tail test of the null hypothesis that the mean of Sample P is equal to the mean of 
Sample N, where ** denotes significance at a I % level. The degrees of freedom are 
in parentheses. 
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TABLE XXIII 

ANALYSIS OF FINANCING COST AND CUMULATIVE DIVIDENDS 

Description 
Number of 

Observations 

Financing Cost with Federal Fundsc: 
Full Sample 726 
Sample pa 619 
Sample Na 107 

Financing Cost with Treasury Billsd: 
Full Sample 726 
Sample P 619 
Sample N 107 

Cumulative Value of Dividendse : 
Full Sample 726 
Sample P 619 
Sample N 107 

Net Financing Cost with Federal Fundsf: 
Full Sample 726 
Sample P 619 
Sample N 107 

Net Financing Cost with Treasury Billsf: 
Full Sample 726 
Sample P 619 
Sample N 107 

1.928 
2.031 
1.334 

1.756 
1 Js54 
1.194 

0.940 
0.979 
0.716 

0.988 
1.052 
0.619 

0.816 
0.874 
0.478 

Standard 
Deviation 

1.160 
1.148 
1.050 

1.088 
1.082 
0.946 

0.543 
0.530 
0.568 

0.640 
0.642 
0.491 

0.571 
0.578 
0.388 

Equal Means 
~b 

6.24** 
(153) 

6.51 ** 
(158) 

4.46** 
(139) 

8.02** 
(175) 

8.98** 
(198) 

a. Refer to Table XI for the division of the full sample into Sample P and Sample N. 

b. Two-tail test of the null hypothesis that the mean of Sample P is equal to the mean of 
Sample N. where ** denotes significance at a I % level. The degrees of freedom are 
shown in parentheses. 

c. This is based on the Cost of Carry Model (CCM) and it is the financing cost element 
based on the overnight federal funds rate: St (I + ft.n) n-t - St. 

d. This is based on the CCM and it is the financing cost element based on the Treasury 
bill yield: 

St( 1 + r t.n)n-t - St. 



T ABLE XXIII (continued) 

e. This is based on the CCM and it is the cumulative value of future dividends with 
reinvestment at the Treasury bill yield to expiration date: 

n 

L DPSt,x,n(i + r x,n)n-x 
t= I 

1 1 3 

f. This is based on the CCM and it is the financing cost element (based on federal funds 
rate and Treasury bill yield, respectively) minus the cumulative dividends, which 
results in the net financing cost. 
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TABLE XXIV 

SIMULATION BASED ON CUMULATIVE DIVIDENDS 

Week Number of Pe~~nuu:;~ Increa~ in Cumulati~~ Dividendsb 

Number3 Observations Federal Funds IreasuO' Bills 

1 18 885% 865% 
2 19 308 289 
3 10 138 118 
4 8 204 180 
5 3 172 154 
6 5 199 170 
7 4 130 108 
8 12 137 116 
9 11 126 108 

10 5 119 102 
11 4 116 97 
12 4 109 91 
13 4 94 73 

Mean 107 296% 276% 
Mean (exclude Week 1) 89 177% 157% 

a. These are the numbel of weeks to expiration of the contracts, where Week 1 is the 
expiration week. 

b. Cumulative dividellJs, as described in note (e) to Table XXIII, will have to increase 
by these percentages from their present level so that the negative net financing cost is 
equal to the negativt: value fo the basis. The results are reported using the fedeml 
funds mte and the Tre<!sury bill yield. 
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TABLE XXV 

REGRESSION RESULTS OF POSITIVE AND NEGATIVE BASIS 

Dependent Constant Slope Independent 
Yariablea Coefficient Coefficiemb Yariablea &2 ~c 

Positive Basis 0.422 0.834 Net Financing 16.3% 2.32 
(Sample P) (4.01)** (11.01)** With Fed Funds 

Negative Basis -0.472 0.016 Net Financing 0 1.28 
(Sample N) (-7.14)** (0.19) With Fed Funds 

Positive Basis 0.294 1.142 Net Financing 24.1% 2.31 
(Sample P) (3.11)** (13.98** With 1r-Bills 

Negative Basis -0.488 0.055 Net Financing 0 1.28 
(Sample N) (-7.50)** (0.52) With 1r-Bills 

a. The 726 observations are divided into two groups: positive basis (619 observations) 
and negative basis (107 observations). They are regressed against the net financing 
costs element of the Cost of Carry Model (CCM), using the federal funds rate and 
1rreasury bill yield, respectively. 

b. The t-statistics are in parentheses and are two-tailed tests of the null hypothesis that 
the coefficient estimate is equal to zero, where ** denotes significance at the 1% 
level. 

c. The Durbin-Watson te~t shows positive autocorrelation in all four ::ases. No 
correction is effected for the negative bases since the R 2 is equal to zero, revealmg no 
linear relationship. For the positive basis, the autocorrelation is corrected using the 
Cochntnce-Orcutt iterative least squares techniques. They were also tested for 
heteroskedasticity by regression the residuals against days to maturity (independent 
variable) and found no linear relationship. 
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