
Futures and Options
*

Refet S. Gürkaynak
Bilkent University, CEPR, CESIfo, & CFS

Jonathan H. Wright
Johns Hopkins University & NBER

�October 17, 2021�

*This paper is prepared as a chapter in the forthcoming Research Handbook of Financial Markets. The authors
thank Mahmut Sefa �pek and Senem Turan for research assistance. Gürkaynak's research was supported by
funding from the European Research Council (ERC) under the European Union's Horizon 2020 research and
innovation program (grant agreement No 726400).
Corresponding authors: Refet Gürkaynak: Department of Economics, Bilkent University, 06800 Ankara,
Turkey. refet@bilkent.edu.tr; Jonathan H. Wright: Department of Economics, Johns Hopkins University,
Baltimore, Md., USA. wrightj@jhu.edu.

mailto:refet@bilkent.edu.tr
mailto:wrightj@jhu.edu


1 Introduction and history

Futures and options are important derivative contracts. A futures contract is an agreement to

buy or sell an asset at a future date, but for a price that is agreed today. The money, however,

does not change hands until the future delivery date. Futures contracts are traded on exchanges

(similar contracts, when over the counter, are called forwards), and are standardized in terms

of the quantity, time of delivery, and other terms. This makes trading very liquid. The party

who is agreeing to buy the asset is said to be long, and the party that agrees to sell it is short.

The total number of contracts outstanding is called the open interest.

Depending on the contract, futures may be either physically settled, meaning that payment

is made for the asset, or cash settled, meaning that the di�erence between purchase and

settlement price will be credited to, or debited from, the investor's account. Futures contracts

serve as an important means of transferring risk.

An investor can buy an asset for immediate delivery, referred to as the spot price, or in

the futures market. The situation in which futures prices are below spot prices is known as

backwardation; the opposite and more common case is known as contango. These terms were

coined in 19th century England.

An options contract gives the holder the right, but not the obligation, to buy or sell an

asset at a future date at a price that is agreed today. The holder of the options contract can

however let it expire unused. The holder of the contract has to pay the writer of the contract

a premium, and that is collected at the time the contract is written. An option to let the

holder buy the asset at a �xed price is a call option; one to let the holder sell the asset at a

�xed price is a put option. Some options can be exercised only on the expiration date; these

are called European options. Other options can be exercised at any time up to and including

the expiration date; these are called American options. Options are likewise important tools

for risk management and transfer.

Futures and options have the feature that it is easy for an investor to bet on the price of

the asset falling; without derivatives, this requires shorting the asset�that is borrowing the

asset and selling it�which is often possible, but di�cult. Futures and options are also useful

to economists because they give information that may allow us to reverse engineer agents'

beliefs.

The fundamental idea of futures and options have been around for a very long time. The

Babylonian king Hammurabi set up a legal code that essentially included both futures and

options contracts around 1750BC. The Code of Hammurabi states that:

If anyone owe a debt for a loan, and a storm prostrates the grain, or the harvest

fail, or the grain does not grow for lack of water; in that year he need not give
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his creditor any grain, he washes his debt-tablet in water and pays no rent for the

year.

This amounts to what we think of today as a put option (Whaley, 2006).

The �rst organized futures exchange was a rice futures market in Osaka, Japan in 1710.

The Chicago Board of Trade (CBOT) was formed in 1848, and in 1865 introduced standard-

ized futures contracts including central clearing and margin requirements, that are central to

modern derivatives markets. For most of the history of futures markets, trading was in phys-

ical commodities�agricultural commodities and metals, but in the 1970s trading in �nancial

futures began, and �nancial futures are now the dominant part of futures trading.1

The last few decades have seen two more developments: concentration and switching to

electronic trading. The Chicago Mercantile Exchange launched its Globex electronic trading

platform in 1992. Although �oor trading continues, all the major exchanges now have electronic

trading systems as well. The Chicago Board of Trade, Chicago Mercantile Exchange and New

York Mercantile Exchange merged to form the Chicago Mercantile Exchange Group which is

the largest derivatives exchange in the world.

While futures exchanges go back centuries, options were traded over the counter until

more recently. The �rst exchange to trade options was the Chicago Board Options Exchange

(CBOE) that opened in 1973 Miller (1986), but there are now large options exchanges around

the world, and options are also traded on some stock exchanges. Exchange traded futures

and options do not always last, some contracts are discontinued if su�cient open interest

cannot be sustained, and some even are brought back to life later. Hegde (2004) provides the

illustrative example of broiler (poultry, not kitchen appliance) futures. Economic derivatives

on outcomes of macroeconomic data releases similarly brie�y traded on the CME before the

market for those contracts shuttered. Contracts for in�ation that were introduced in 1980s

were discontinued (Shiller, 1993).2 But over-the-counter trading in swaps and options written

on in�ation (Kitsul and Wright, 2013) has been more successful recently.3 Till (2015) provides

a detailed discussion of examples of futures contracts that succeeded and those that failed.

1In late 19th century so called bucket shops began o�ering their own futures contracts with settlement
prices based on the prices of CBOT contracts. CBOT eliminated the competition by successfully arguing
that contracts where only cash settlement is possible, with no option for physical delivery, are equivalent to
gambling and should be outlawed. That argument hindered the introduction of �nancial index futures, such as
futures on S&P500, and many other contracts such as futures on in�ation, where the delivery of the underlying
is either impossible or entails prohibitive transaction costs, until the 1980s. Millo (2007) provides details.

2There was another short-lived but unsuccessful attempt in 2004.
3In any derivatives market, there naturally have to be market participants on both sides and typically few

are interested in betting on low in�ation. The existence of Treasury In�ation Protected Securities has helped
by creating a natural provider of in�ation protection.
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2 Types of futures and options traders

A basic distinction is often made between participants in futures and options markets who

are using the market to protect some other business interest, known as hedgers or commercial

traders, and participants who are just trying to make pro�ts, known as speculators or non-

commercial traders. For example, a producer of agricultural commodities who uses futures

markets to lock in a price would be considered a hedger, whereas a hedge fund would be a

considered a speculator. Speculators serve an important role in futures and options markets,

because the hedgers will often tend to be one side of the market. Speculators often take the

other side of these bets and provide liquidity in normal times. Unlike hedgers, who are insuring

existing risk and on net do not have uncovered positions, speculators often take on risk and

exacerbate market swings by short covering (buying the underlying when prices go up while

in a short position) or reversing their positions to mitigate their exposure.

The Commodity and Futures Trading Commission (CFTC) requires large participants in

futures markets to report their position and whether their predominant motive is hedging or

speculating and the aggregated positions are published weekly. In recent years, the CFTC has

produced two other classi�cations of large traders. One is called the supplemental report, and

this splits out index funds (a portfolio that is constructed to track a �nancial index, such as the

S&P500) as a separate category. Index funds might be either hedgers or speculators. The other

is called the disaggregated report and includes four categories: producers, money funds, swap

dealers and others. The producers are hedgers, the money funds are speculators and the other

two groups could be either hedgers or speculators.4 The distinctions between these categories

are not always clear, but a large literature has evolved studying the relationship between

positions of these di�erent trader types and price changes (see, for example, Houthakker (1957),

Chang (1985) and Kang et al. (2020)).

3 Open outcry and electronic trading

The traditional form of trading in futures and options is open outcry, where there is a trad-

ing pit in which traders for a particular type of futures execute trades either verbally or by

hand signals. Some exchanges, like the Intercontinental Exchange have eliminated this �oor

trading entirely, while others still continue it, but electronic trading is now far more prevalent.

Electronic trading is faster, cheaper in terms of spreads and other costs, less error prone, and

it facilitates regulatory compliance. Nonetheless, large trades are also often executed away

4Note the often confusing distinction between hedgers, who hedge and hedge funds, who are usually specu-
lators.
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from electronic platforms. And there are concerns that electronic trading may occasionally be

destabilizing, such as in the 2010 ��ash crash" which involved interactions between trading in

cash and futures markets.

4 Clearing

Participants in the futures market have little reason to be concerned with the creditworthiness

of their counterparties as the exchange stands in the middle as the counterparty to both the

buyer and the seller, and that is of course essential to the liquidity and functioning of futures

markets.

This function of the exchange is called being the clearinghouse. This means that contracts

are guaranteed by the exchange/clearinghouse. Once a contract is made between a long party

and a short party, this is immediately recast or novated as two separate contracts: one be-

tween the long party and the clearinghouse, and the other between the short party and the

clearinghouse.

This is of course risky for the clearinghouse, but they manage this risk carefully. Investors

are required to post an initial margin with the clearinghouse when they enter into a trade,

and if the price moves against them, they must post additional maintenance margin, or else

the position will be liquidated. In addition, all trades must go through a clearing member

who is responsible for any default by the end customer. Clearing members are large �nancial

institutions that have been carefully vetted and have to post their own margin. The clearing

members are moreover required to keep client funds in segregated accounts. These clearing

safeguards are very robust and have multiple layers of safety. MF Global was a clearing member

of the CME that �led for bankruptcy in 2011, and turned out to have breached the rules about

keeping client funds segregated, but this did not cause any broader systemic problems. Indeed

we are not aware of any futures exchange ever failing.

Futures trading rules allow for netting, meaning that if a trader has both long and short

positions, these can be cancelled out. Hence, if a trader has a long position and wants to exit

this, they can simply enter into an o�setting short position.

Clearing services in the options market are provided by the Options Clearing Corporation

(OCC) for options traded on CBOE and other exchanges.

5 Regulation

In the US, futures and options are regulated both by the exchanges themselves, and by the

state and federal governments. Since 1974, the Commodity and Futures Trading Commission
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(CFTC) has been the regulatory agency charged with regulation of futures and options on

commodities. CFTC and the Securities and Exchange Commission (SEC) share regulatory

responsibilities for derivatives written on underlying �nancial securities and indices.

Both the exchanges and the CFTC seek to prevent market manipulation. For example,

a potential form of market manipulation is a short squeeze, also known as cornering. Where

there is a futures contract requiring physical delivery, a market participant might take a very

large long position and then simply hold the contract to expiration and require delivery, while

also holding a large amount of the commodity. The counterparties who have taken short

positions will then be forced to buy large amounts of the commodity, driving its price up and

generating pro�ts for the market participant with the large long position. There was a famous

example of such a short squeeze in the 1970 when the Hunt brothers took large long positions

in silver futures while also accumulating physical silver. The price of silver was driven up from

$5 an ounce in 1978 to nearly $50 an ounce in 1980. The exchanges imposed regulations to try

to curb the short squeeze, but it only came to an end when the CFTC banned all purchases

of long silver futures contracts, only allowing liquidation.5

Exchange rules involve severe penalties for failure to make, and receive delivery by making

the payment on a futures contract.

The aftermath of the 2008 �nancial crisis brought new regulations into place. In the US,

this was mainly through the Dodd-Frank act. The Financial Stability Oversight Council can

designate clearinghouses as systemically important �nancial market utilities (SIFMUs), that

are subject to enhanced regulation. The CME, the Intercontinental Exchange, and the OCC

have all received this designation. These SIFMUs also have access to central bank credit in

extreme circumstances, with the approval of the Treasury secretary.

6 Pricing and usage

The pricing of a futures contract depends heavily on whether the underlying asset is storable

or not. Many futures contracts are written based on assets that can be stored at a trivial

cost, such as �nancial assets and precious metals. For these assets, there is a tight arbitrage

relationship between the futures price and the price for immediate delivery, or the spot price,

known as spot-futures parity. This states that if F is the futures price for delivery T periods

hence, S is the spot price today, r is the continuously compounded interest rate and d is the

5A similar short squeeze in 1950s led to passing of a law in the US in 1958 that bans futures contracts on
onions. The law was later amended to also ban futures on motion picture box o�ce receipts in 2010. The
authors of this chapter do not know what connects these two markets. The ban on onion futures has served as
a natural experiment to study whether futures trading dampens (Working, 1960; Gray, 1963) or exacerbates
(Johnson, 1973) price �uctuations in the underlying. The question remains unsettled.
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dividend yield of the asset (0 if the asset pays no dividends), then:

F = Se(r−d)T (1)

The logic is simple. There are two ways of buying the asset: either in the spot market today,

or in the futures market for delivery in T periods. Both are equivalent, except that buying it

in the spot market requires immediate payment whereas the futures contract does not require

payment until delivery. And, buying the asset in the spot market entitles the holder to any

dividends (as in the case of a stock) immediately, whereas buying in the futures market will

lead the investor to miss out on these dividends. Spot futures parity makes adjustments for

these two e�ects. In the case of a non-dividend paying asset with positive interest rates, the

futures price should be above the spot price. The basis is the name given to the di�erence

between the futures and spot price, and as time approaches the maturity, the basis should

converge to zero.

This arbitrage relationship applies to stock index futures relative to the underlying index.

Violations of the relationship do exist, but program trading quickly identi�es and exploits

them. As a result of index arbitrage, mispricings are small and do not last long.

Some futures contracts are written on things that are not storable, such as the weather or

electricity, in which case there is no arbitrage relationship between spot and futures prices.

Other futures contracts are written on assets that can be stored, but are quite costly to

store, such as crude oil. In this case, the absence of arbitrage instead implies bounds on the

relationship between spot and futures prices.

Arbitrage relationships also apply to options prices. A put and a call option can be com-

bined to a form a portfolio that is the equivalent of the underlying asset and a risk-free bond.

Using this reasoning gives the relationship:

P + S = C +Ke−rT (2)

where P and C are the prices of put and call options, respectively, at the same strike price,

K, and maturity, T , where S is the price of the underlying asset and r is the continuously

compounded risk-free interest rate. Stoll (1969) is credited with the �rst modern treatment of

put-call parity, although Knoll (2008) gives examples of the idea going much further back.

Options pricing is based on the insight that under the condition that investors know the

volatility of the underyling asset ex ante, the options are redundant securities, and can be

perfectly replicated by a continuously rebalanced portfolio of the underlying asset and a risk

free bond. This insight underlies the famous pricing equation of Black and Scholes (1973)

who assume that innovations to the asset price are lognormally distributed and show that a
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European call option expiring in T periods with a strike price of K on an asset with a spot

price of S and a per period standard deviation of σ is:

C = SΦ(
ln( S

K
) + (r + σ2

2
)T

σT 1/2
) −Ke−rTΦ(

ln( S
K

) + (r − σ2

2
)T

σT 1/2
) (3)

where r is the riskfree rate and Φ is the standard normal cumulative distribution function.

This equation does not make any assumption about the preferences of investors, other than

that they do not leave arbitrage opportunities on the table. But these assumptions rule out

many real-world features of options including nonnormality, stochastic volatility and jumps.

The implied volatility of an option is the value of σ that would set the Black Scholes price

equal to the actual observed price. Under the Black Scholes assumptions, this should be the

same no matter what the strike price of the option is. In practice, however, options with low

strike prices have higher implied volatilities than those with higher strike prices, a feature

known as the volatility smirk. The average level of the VIX is around 22 percent, while the

annualized volatility of the S&P index is around 16 percent, and these likewise point to some

failure in the Black-Scholes assumptions. Bollerslev et al. (2009) show that in the presence of

stochastic volatility, contrary to the Black-Scholes assumptions, the options-implied volatility

should be higher than the actual volatility, and the spread between these two is an increasing

function of investors' risk aversion.

A key result with options is that the second derivative of the price of a European call option

with respect to the strike price is equal to the probability density function of the underyling

asset price at the expiration date, if agents are risk neutral (Breeden and Litzenberger, 1978),

which we call the risk-neutral probability density function.6 Given a set of options at di�erent

strike prices, we can �t a smoothed curve to get the �tted options price at all strike prices, and

then take the second derivative numerically to work out the risk-neutral probability density

function.7 These can yield interesting insights that are not evident from implied volatilities

alone. For example, the probability density for the pound-dollar exchange rate right before

the June 2016 Brexit referendum, shown in Figure 1 was notably skewed in the direction of

depreciation of the British pound.

6The risk-neutral probability density functions are derived from prices assuming that agents are risk neutral.
Even if agents are not risk neutral, the probabilities derived in this way will be nonnegative and integrate to one
and so can be interpreted as probabilities, although they are not necessarily the actual probabilities perceived
by the agents. The potentially distorted probabilities assuming risk-neutrality are referred to as Q-measure
probabilities, while the actual physical probabilities are P -measure probabilities.

7More technically, it is standard to convert the options prices to implied volatilities, smooth these, and then
convert back to options prices (Shimko, 1993).
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Figure 1: Probability Density Function for Pound-Dollar Exchange Rate in 3 months as of
June 23, 2016
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Note: This �gure plots the probability density function for the pound to US dollar exchange rate
in three months (pounds per dollar), as of the day of the Brexit referendum, June 23, 2016 (before
voting had concluded). This is computed by converting call option prices to implied volatilities, �tting
a smoothed curve to these volatilities, converting back to call options prices and taking the second
derivative of these numerically. The vertical line shows the three-month forward exchange rate.

7 Speci�c futures and options contracts and their usage

in the literature

Futures and options have three distinct uses in the literature. The �rst, for short maturity

futures, is as a placeholder for the underlying. This is often because the standardized and

exchange traded futures contracts have more accessible intraday prices, as in the case of oil

prices where the nearest maturity futures price is often used as the oil price (Rosa, 2014;

Chatrath et al., 2012), or because the trading hours of the futures contract are di�erent from

that of the underlying and measuring intraday reactions outside the trading hours of the

underlying require resorting to the nearest maturity futures price. This latter reason makes

stock futures usually employed in intraday studies of e�ects of macroeconomic data releases�

such as the employment report�many of which are released at 8.30 am Eastern Time, before

the stock markets are open, while trading in stock futures are taking place (Faust and Wright,
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2018; Andersen et al., 2007; Miao et al., 2014; Lahaye et al., 2011).8

The other two uses of futures and options in the academic literature are for the related

tasks of pricing and information extraction. Pricing, brie�y described above, relates futures

and options prices to current and expected states of the world. This literature has to do with

what the relevant variables are, and which function maps these variables to the derivatives'

prices. Information extraction takes this relationship and, essentially, inverts the function to

go from the observed futures and options prices to unobserved expectations and uncertainty.

This is where risk aversion and risk pricing becomes important, as risk pricing gives rise to

term premia and prices are not only functions of (statistical) expected outcomes but the overall

distribution of possible outcomes and their pricing. In a CAPM-type framework risk pricing

will depend on marginal utility in di�erent states of the world.

The history of academic research into futures and options pricing goes back to mid-20th

century. For futures, some of the early treatments that follow what we would now call asset

pricing methods are by Working (1948, 1953) who discusses storage costs, basis, hedging

demand, and backwardation and contango in futures prices. His focus was on grain futures,

the dominant futures market at the time. Interest rate futures gained in importance in terms

of research attention soon after, both because the market itself deepened and partly because

absence of storage costs for Treasuries simpli�ed the research question. Cox et al. (1981)

summarized the state of the literature in interest rate futures pricing up to then and clari�ed the

role of what is now called term premia, arising from interest rate uncertainty. Research (which

goes back to Cootner (1960)) then began to focus on separating term premia from expected

future spot prices (as well as tax e�ects and shorting costs) and that e�ort is ongoing. Fama

and French (1987) is an early paper that articulates and tests the implications of storage-based

futures pricing versus term premia-based ones.

7.1 Expectations and risk premia and drawing inferences from fu-

tures and options prices

Under risk neutrality, the futures price should be the expected future spot price, but with

risk aversion the futures price can also incorporate a risk premium. Keynes (1930) considered

risk premia in agricultural futures contracts and argued that it would generally be negative so

that the futures price would be below the expected future spot price. His reasoning was that

producers used the futures market to hedge against price declines, whereas consumers were too

small to participate in the futures market and so the hedging demand was concentrated on one

8Some of these papers also use bond futures for bond prices although the bond market is open, as the bond
market is over the counter and individual bonds are less liquid than bond futures which makes the futures
prices more reliable.
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side of the market. But every short position needs a long counterparty, and often speculators

are needed to take these long positions. Risk averse speculators will do so, but only if they get

positive expected returns. Thus the hedging pressure view of Keynes (1930) would imply that

backwardation is the usual con�guration of futures prices. Hirshleifer (1990) reexamines this

hedging pressure idea in a general equilibrium framework where producers face both price and

quantity risk, and shows that futures prices can be either above or below the expected future

spot price.

It is very common for policy makers to use futures to attempt to infer the expected future

path of an asset price. This is correct under an assumption of risk neutrality or if investors'

marginal utility is uncorrelated with the value of the asset, but not otherwise. A common

way to assess whether futures prices are indeed expectations of future spot prices is to run a

forecast e�ciency regression of the form:

st+h = α + βft,h + εt+h (4)

where ft,h is the futures price at time t for maturity h periods hence and st+h is the spot price

at time t+h. Clearly for the futures price to be the expected future spot price, it is necessary

that α = 0 and β = 1. Other variables that are in the information set at time t can be added

to the right-hand-side; if the futures price is the rational expectation of the futures spot price,

then their coe�cients should be zero.

Chernenko et al. (2004) apply the test based on equation (4) to a range of futures prices

and in most cases reject the hypothesis that the futures price is equal to the expected future

spot price, implying that there are risk premia. Moreover, β is signi�cantly di�erent from 1,

implying that these risk premia are time-varying. But there are some exceptions to this. One

is that for very near-term interest rate futures contracts, the hypothesis that α = 0 and β = 1

is not rejected. Another is that it is generally not rejected for energy prices, a conclusion also

reached by Chinn and Coibion (2014) and Alquist and Kilian (2010). This lends some support

to the idea of using futures prices to approximate market expectations of interest rates in the

very near-term (but not further ahead), and also using it to approximate expectations of future

oil prices. A caveat is that for α and β to be zero and one respectively is necessary but not

su�cient for futures prices to be expected future spot prices. Indeed Alquist and Kilian (2010)

show that a simple random walk no change forecast gives better predictions of future crude oil

prices than futures markets which implies that there must be time-varying risk premia in this

market. And of course another caveat is that these tests have limited power and are dependent

on the sample period. Gürkaynak et al. (2007) �nd a very small but statistically signi�cant

upward bias in even the shortest term interest rate futures contracts, viewed as expectations

of future interest rates.
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A number of authors have studied the properties of futures returns. For example, Gorton

and Rouwenhorst (2006) compute the average returns on an equally weighted index of com-

modity futures returns, taking careful account of collateral requirements, so that this in e�ect

represents the excess returns. They show that it has similar risk and return properties to US

equities, but is negatively correlated with equity returns which makes this asset very attractive

from the point of view of the CAPM.9 Again, this is evidence that risk premia are generally

important in the pricing of futures.

7.2 Some Speci�c Contracts

7.2.1 Commodity futures

Commodity futures are the oldest type of futures contacts and are traded for commodities like

wheat, oil, or precious metals. They involve physical delivery with very precise speci�cations.

For example, the West Texas Intermediate crude oil futures contract requires delivery of 1,000

barrels of oil with speci�c chemical properties in Cushing, Oklahoma. Most commodity futures

contracts do not actually go to physical settlement and are instead reversed before delivery.

Oil futures switch between being in contango and backwardation. Two notable episodes

of, shown in Figure 2, were in the fall of 2008 and in the spring of 2020. On both occasions,

spot and short-dated futures oil prices were low because of economic weakness (the Great

Recession and the COVID recession), but the economy was expected to recover in future years

and so longer-dated futures prices were much higher. Indeed in April 2020, some short-dated

oil futures prices went negative because of a glut of oil. Under these circumstances, buying oil

in the spot market and storing it for delivery in the futures market was appealing, but was

limited by storage capacity.

While contango is the usual con�guration of futures curves due to the presence of positive

term premia pushing longer-term prices up, backwardation is not all that rare. The two

examples shown in Figure 2 are October 1990, when the Iraqi invasion of Kuwait led to an

increase in oil prices but this was expected to be short lived, and September 2008, when the

onset of the Global Financial Crisis and ensuing US policies led to a decline in the value of

the dollar, leading investors to �ock to precious metals and oil. As the date is towards the end

of the month, the expected transitory nature of the run up in oil prices manifests itself in the

strong relative decline in the two-month, rather than the one-month forward contract.

9However Büyük³ahin and Robe (2014) �nd that since 2008, the correlation of equity and commodity returns
has increased substantially.
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Figure 2: Oil Futures Prices by Maturity on Selected Dates

Note: This �gure plots the price of West Texas Intermediate Oil Future contracts against maturity.
Source: Bloomberg.

7.2.2 Interest rate futures

Interest rate futures include Treasury futures which are physically settled in a rather compli-

cated way. Futures traded on the CME include two-year, �ve-year and ten-year Treasury notes

and thirty-year bonds. Let us take the ten-year as an example. If the contract goes to delivery,

the short side has to deliver any Treasury notes chosen by the short side with a face value

of $100,000 and a remaining time to maturity of between 6.5 years and 10 years. The price

that they receive for this is the futures price multiplied by a conversion factor, plus accrued

interest. The conversion factor is the price at which a particular coupon security with a face

value of $1 would trade if it's yield to maturity were 6 percent. Since yields are far below 6

percent and have been for a long time, it will generally be the shorter maturity securities that

are cheapest to deliver (Livingston, 1984).

The open interest in CME Treasury futures is enormous. For example, in recent years,

the open interest in the ten-year Treasury future has averaged 3-4 million contracts with a

face value of $300-400 billion. Physical delivery of that volume of Treasuries would be very

di�cult. Contracts are listed expiring in March, June, September and December of each year,
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and most of the trading is in the front contract, except for the last month of the contract when

most traders roll their positions into the next contract. Indeed, CME rules actually prevent

traders from holding large long positions into delivery. Barth and Kahn (2021) documents that

in recent years Treasury futures have been somewhat overvalued relative to cash Treasuries,

presenting an opportunity for a basis trade and documented that it was widely used by hedge

funds from 2016 until the turmoil in Treasury markets in March 2020. Barth and Kahn

(2021) and Schrimpf et al. (2020) both �nd that this basis trade might have contributed to

the �nancial market disruptions in that month.

There are also short-term interest rate futures, of which the most important are Eurodollar

futures. It is possible to enter into a forward rate agreement in which one counterparty lends

to another for three months starting at a future date, but at an interest rate that is agreed

today. This is however a risky proposition as the borrower may turn out to be in on the brink

of bankruptcy at the start of the loan. Eurodollar futures are designed as a bet on the level

of three-month interest rates that however strips out any credit risk. The long side of the

contract is agreeing to pay the three-month London Interbank O�er Rate (LIBOR) at the

maturity date interest rate on a notional deposit of $1 million in exchange for a �xed interest

rate on that same notional deposit.

The price of the instrument is quoted as 100 minus the interest rate in percentage points

hence, as in �xed income space, lower interest rates correspond to higher prices. The contract is

cash settled with only the net changing hands. If the futures price is F , then the corresponding

interest rate is iF = 100 − F and at the expiration of the futures contract, if the actual

interest rate is i in percentage points, the long party makes a payment to the short party of

$2, 500(i− iF ).10 This may be negative, with the short party making the payment.

Eurodollar futures trade at maturities up to ten years and so their complete term struc-

ture can be modeled. Researchers have compared the Eurodollar futures and forward rates,

explaining their di�erences in terms of the mark-to-market features of the futures contract,

taxation, and default risk (see, e.g. Grinblatt and Jegadeesh (1996)).

At the time of writing, there is considerable uncertainty about the future of the Eurodollar

futures contract. Futures are listed for March, June, September and December11 going out ten

years, and yet the LIBOR interest rate is supposed to cease being produced in December 2021.

The Federal Reserve Board, O�ce of the Comptroller of the Currency and Federal Deposit

Insurance Commission have issued joint supervisory guidance discouraging banks from entering

into new derivatives contracts that reference LIBOR after December 2021. (We will know more

10$2,500 is the change in the value of the interest on a one million dollar loan per percentage point change
in the interest rate, per quarter.

11There are also contracts for the �rst four months that are not in the quarterly cycle.
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before we �nalize this chapter.)12

Federal funds futures are bets on the average level of the e�ective federal funds rate in a

given month and, in conjunction with Eurodollar futures, these are widely used to measure

expectations for the future path of monetary policy (Gürkaynak et al., 2007). Kuttner (2001)

proposed using high-frequency changes in federal funds futures to measure surprises in the

target federal funds rate at Federal Open Market Committee (FOMC) meetings, and these

measures of unexpected changes in the target funds rate at FOMC meetings are very widely

used as monetary policy surprises (see, for example, Bernanke and Kuttner (2005)). But

since the FOMC has long sought to in�uence longer-term interest rates by communicating its

intentions about policy well ahead of time, the e�ective stance of monetary policy may be

better measured by a somewhat longer maturity interest rate. Accordingly, some authors have

measured monetary policy surprises at FOMC meetings from changes in short-term interest

rate futures maturing a few quarters out (Gertler and Karadi, 2015; Miranda-Agrippino and

Rey, 2020).

As an alternative, Gürkaynak et al. (2005) showed how to combine Federal Funds and

Eurodollar futures of various maturities to measure two separate monetary policy surprises�

surprises in the funds rate target and in the path of future policy. Moving on to the era of

unconventional policy, Swanson (2021) combines high-frequency changes in futures and other

asset prices to measure three dimensions to FOMC monetary policy surprises�the target

surprises, path surprises and asset purchase surprises.13

Most of the literature use interest rate futures to measure monetary policy surprises treat

these as providing information about the policy preferences of the central bank. But some au-

thors have raised the possibility that they also reveal to the public information that the central

bank may have, or be perceived to have, about the underlying state of the economy (Campbell

et al., 2012). Jarocinski and Karadi (2020) and Cieslak and Schrimpf (2019) use the behavior

of stock returns around monetary policy announcements to parse monetary policy surprises

into di�erent components. Cieslak and Schrimpf (2019) �nd that there is an �information�

component but that it is small. One argument for an information e�ect, made by Campbell

et al. (2012) and Nakamura and Steinsson (2018) is that surprise monetary policy easings are

followed by Blue Chip survey respondents subsequently lowering their growth projections or

raising their unemployment projections. Bauer and Swanson (2021) make a strong argument

against this interpretation.

12The secured overnight funding rate (SOFR) is an overnight repo rate calculated based on actual transac-
tions by the Federal Reserve Bank of New York. It is seen as the likely successor to LIBOR as a benchmark
short-term interest rate. The CME now trades futures on the SOFR.

13The surprises obtained in these ways can be used directly, or as �external instruments� in a structural VAR
(e.g. Gertler and Karadi (2015); Miranda-Agrippino and Rey (2020); Eberly et al. (2020)).
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7.2.3 Index futures

Another important class of cash-settled futures are stock index futures. The CME trades S&P

futures where the long party receives from the short $250 for every point that the index exceeds

the futures price at maturity. There are also E-mini S&P futures that are identical except that

the payment is $50 per point. Contracts are listed expiring in March, June, September and

December. Researchers have studied the relationship between cash stock market indices and

index futures. Hasbrouck (2003) �nds that price discovery for the S&P 500 index occurs mainly

in the E-mini futures market.

7.2.4 Currency futures

Currency futures have been around since the collapse of the Bretton-Woods system. They

involve physical delivery of a foreign currency, but they are not in fact the dominant way in

which exchange rate movements are hedged. Hedging of exchange rate movements is done

more by forward contracts and swaps that are traded over-the-counter and can be customized

to the client's speci�c needs (Papaioannou, 2006). Géczy et al. (1997) document the ways in

which di�erent types o� �rms use foreign exchange derivatives.

7.2.5 Currency options

A risk-reversal is an options strategy consisting of buying out-of-the money calls and selling

comparably out-of-the money puts, or the other way around. This strategy is essentially

a bet on the skewness of the underlying asset. Risk-reversals are particularly common for

currency options. Some currencies, such as the Australian and New Zealand dollar, have risk-

reversal prices that imply that large depreciations viz-a-viz the US dollar are more likely than

large appreciations (Brunnermeier et al., 2008). Other currencies, such as the Japanese Yen

and Swiss Franc have risk-reversal prices that imply that large appreciations are more likely.

Brunnermeier et al. (2008); Farhi and Gabaix (2016) show that the currencies which have

downward/upward crash risk tend to be the investing/funding currencies in the famous carry

trade. Thus this provides an explanation for the pro�tability of the carry trade and the failure

of uncovered interest parity�there are expected excess returns on borrowing in a low interest

currency and investing in the high interest currency, but they are compensation for the risk

of rare but large losses. The availability of options prices was key to researchers reaching this

insight.
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7.2.6 Options on individual stocks

Options on individual stocks trade on exchanges, such as the CBOE. Options on individual

stocks are typically American options, that can be exercised either at expiry, or sooner. Most

of these options have an expiration of one year or less, but there are longer maturity options

known as long-term equity anticipation securities (LEAPs).

Driessen et al. (2009) compare the prices of individual options with those on index options,

and use this to measure options-implied correlations between stock returns. Kelly et al. (2016)

apply this same idea to comparing prices of options on individual bank share prices with

option prices on a �nancial sector index, arguing that this implies that especially since the

2008-2009 �nancial crisis, options prices imply that there is an implicit government backstop

to the �nancial sector as a whole.

7.2.7 Options on futures

Investors can buy options to give them the right, but not the obligation, to enter into either

long or short futures contracts. Some CME futures options are European, while others, like

Eurodollar and Treasury futures options, are American. Closely related to these, swaptions

give the holder the right but not the obligation to enter into an interest rate swap contract. All

of these options are useful for quantifying interest rate uncertainty as they allow calculation

of implied volatility (e.g. Swanson (2006); Wright (2020)). Bikbov and Chernov (2011) �t a

term structure model to Eurodollar futures and options prices, �tting the relationship between

options prices and the term structure of interest rates.

7.2.8 VIX

The VIX index is the annualized Black-Scholes options-implied volatility from 30-day options

on the S&P500 index. The VIX has been calculated by the CBOE since 1993, although in

it's early years it was based on the S&P 100 instead. Since 2003, the VIX has been based on

options on the broader index, and the VXO index, based on options on the S&P100 index, has

been constructed as a separate index. These indices receive a lot of attention from investors,

the press and academia, and indeed the VIX is often referred to as the �fear index�. For

example, Bloom (2009) proposed a model in which uncertainty shocks are important drivers

of the business cycle, and used the VXO to measure uncertainty.

While the VIX is an index rather than an asset that can be directly traded, there are now

cash settled futures on the VIX. These have a payout that is based on the di�erence between

the futures price and the VIX on the settlement day. VIX futures are available for a range of

maturity dates and the term structure of VIX futures generally slopes up, so that a strategy of

going short in longer-maturity VIX futures will on average be pro�table, although it is subject
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to the risk of an abrupt crash. There are also options on VIX futures�options on futures on

implied volatility that are in turn extracted from the price of another option contract.

As discussed earlier the di�erence between the options-implied volatility and actual volatil-

ity is an indicator of risk aversion. The gap between the VIX and an econometrician's forecast

of volatility is known as the variance risk premium and is a time-varying measure of risk

aversion that can be used, for example, to predict short-term excess stock returns (Bekaert

and Hoerova, 2014; Bollerslev et al., 2009, 2011). Thus we are able to use options to extract

measures of agents' preferences. And we can in this way decompose the VIX into a �quantity�

and �price� of risk.

8 Conclusion

In a world of complete markets, futures and options are redundant securities. But markets

are not complete and these securities perform roles that cannot be trivially replicated. For

market participants, buying and selling futures and options, allows for hedging risks and taking

risky positions�making bets�based on their information and beliefs. They are useful for risk

sharing, but at the same time can on occasion contribute to �nancial instability, putting them

�rmly on regulators' radar screens.

Since futures and options are unique in their usage, they are also unique in their information

content. Hence, research has progressed in both pricing and reverse engineering prices to

extract information. Doing this right requires paying attention to the speci�cs of contracts,

the regulatory environment, and other risks facing the users. A change in prices because a

regulatory change gave a tax advantage to returns to a contract should not be confused with

one due to changes in investors' beliefs or risk preferences.

The literature has been making strides in separating risk premia from expected future

outcomes but there is much to be done and this remains an active area of research. Risk

premia are not nuisance components�depending on the application the risk premium and its

decomposition into price and quantity of risk may be as important as backing out the expected

future prices and probabilities.

Another avenue of research is following the creation of new markets and securities, and

understanding which beliefs go into pricing these. As the spectrum of futures and options

grow, research utilizing the prices of these securities grows in parallel.
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