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Definition

 Forwards and futures are derivatives – value depends on value of an 

underlying asset

 The ‘underlying’ could be stocks, bonds, currencies, commodities, etc.

 A contract to buy (“long”) or sell (“short”) an asset in the future at a 

specified price and time

 With options have the right, rather than the obligation, to exercise
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Derivatives market participants

 Hedgers

 Lock in a price now so as to not be susceptible to volatility of spot market

 e.g. farmer who wants to sell his produce three months from now

 Purpose is to reduce risk. Outcome could be better or worse than without 

hedging

 Speculators

 Bet on future direction of price

 Arbitrageurs

 Take advantage of difference between theoretical and observed price, or 

different prices on different exchanges

3



Forward contracts

 A forward contract is a commitment to purchase at a future date 

(settlement/maturity date) a given amount of commodity or asset at 

a price (forward price) agreed on today

 Features of forward contracts

 Customised; not standardised

 Traded over the counter (OTC); not on exchanges

 No money changes hands until maturity

 Some counterparty risk
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0 T time

Agreement Settlement



Payoff diagram

 Payoff long position

 𝑆𝑇 − 𝐾

 Payoff short position

 𝐾 − 𝑆𝑇
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Long Short

𝑺𝑻: spot price at maturity

𝑲: forward price



 Forward contracts have two limitations:

 Illiquidity

 Counterparty/default risk

 Features of futures contracts that make them superior to forwards

 Standardised contracts: underlying asset, quantity, maturity

 Exchange-traded (e.g. CME, CBOT)

 Margin required as collateral to cover losses

 Gains/losses settled daily (marked to market)

 Guaranteed by the clearing house

Futures contracts 6

0 T time

Agreement Maturity

Makes futures very liquid

Reduces counterparty risk

Daily settlement



Futures trading example

 Example of daily settlement and margin accounts

 Initial margin: $20

 Maintenance margin: $10
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Seller margin Daily futures price Buyer margin

$20 $100 $20

$25 $95 $15

$30 $90 $10

Margin call: 

top up to initial margin ($20)

Notice: futures have inherent leverage!

(price dropped 5% but lost 25% of margin)



Simple valuation

 Theoretical price of forward contract that expires at time T on asset 

that provides no income

 𝐹0 = 𝑆0𝑒
𝑟𝑇

 Derive from arbitrage argument

 If 𝐹0 > 𝑆0𝑒
𝑟𝑇

 Borrow 𝑆0, buy asset and short forward. At maturity repay loan (𝑆0𝑒
𝑟𝑇) and sell 

asset (𝐹0). Profit = 𝐹0 − 𝑆0𝑒
𝑟𝑇

 If 𝐹0 < 𝑆0𝑒
𝑟𝑇

 Long forward, short/sell asset and invest proceeds. At maturity repurchase asset 

(𝐹0) using invested money (𝑆0𝑒
𝑟𝑇). Profit = 𝑆0𝑒

𝑟𝑇 − 𝐹0
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𝑺𝟎/𝑭𝟎: spot/forward price today (t=0)

𝒓: risk-free rate (assume can borrow and lend at same rate)

“cost of carry” (benefit of buying in future rather than now 

is that you can invest the money in the meantime)



Valuation of dividend stocks and 

bonds

 Price of forward contract on asset that provides known income (e.g. 

dividends from stock or coupons from bond)

 𝐹0 = 𝑆0 − 𝐷 𝑒𝑟𝑇 , 𝐷 = σ𝑖𝐷𝑖 𝑒
−𝑟𝑡𝑖 (discounted income)

 Can derive using arbitrage arguments as before

 Or use time value of money arguments: 

 today’s price = (future price + income) discounted to today

 𝑆0 = 𝐹0𝑒
−𝑟𝑇 + 𝐷
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Valuation of currencies

 Forward contract on foreign currency from country with risk-free rate 
𝑟𝑓 and spot exchange rate 𝑆0 (amount of foreign currency per local 

currency)

 Again can use arbitrage arguments

 Interplay between exchanging now and investing at foreign rate, or 

investing now at local rate and exchanging later

 Interest rate parity

 𝐹0 = 𝑆0𝑒
(𝑟−𝑟𝑓)𝑇
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Valuation of commodities

 For commodities need to account for storage costs (with present 

value U) as well as income

 𝐹0 = 𝑆0 + 𝑈 − 𝐷 𝑒𝑟𝑇

 For many commodities there are benefits to having the physical 

asset rather than a futures contract (e.g. can use it in production, or 

to avoid shortages)

 In this case the forward price could be smaller than the right hand 

side of the equation by an amount called the convenience yield

 𝐹0 ≤ 𝑆0 + 𝑈 − 𝐷 𝑒𝑟𝑇
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Forward vs futures prices

 Difference in price between forward and futures contracts depends 

on correlation of asset price with interest rates

 Positive correlation: futures price > forward price

 Consider long position. If spot price goes up make a profit from daily 

settlement and likely to invest this at a higher rate. Hence futures is more 

attractive than forward

 Negative correlation: futures price < forward price

 For most practical purposes, the difference between forward and 

futures prices is very small and can be ignored
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Rolling over

 Can maintain a continuous position by “rolling over” to the next front-

month contract a couple of days before expiry

 To close current position, enter an opposite position in same contract

 Make sure to do it before liquidity drops to avoid delivery!
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 Futures contracts on the same 

underlying are available with several 

different expiry months

 Volume and liquidity are usually 

highest for the “front-month” contract 
(contract closest to expiry)



Convergence to spot

 As a contract approaches expiry, its futures price will converge to 

the spot price

 This makes sense. If we are close to expiry, there should be little 

difference between the price of acquiring an asset now and the 

price at the expiry date
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Contango and backwardation

 Often expect futures price to be above spot 

price because people are willing to pay a 

premium to avoid storage costs, etc (positive 

cost of carry). This is called contango

 Backwardation occurs when spot price is 

above futures price (negative cost of carry)

 Common in underlyings that are seasonal or are 

in shortage

 Both allow for situations to find profit, e.g.:

 Contango: bearish for futures price

 Backwardation: bullish for futures price
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Resources

 John Hull

 Khan Academy

 Quantopian Lectures

 Andrew Lo MIT Course
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