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Abstract 

This paper examines the benefits of derivatives from the investor's perspective. It 
systematises the basic forms — forwards and futures, call and put options, swaps, 
and credit derivatives from credit default swaps (CDS) to collateralized debt and 
loan obligations (CDO, CLO) —, traces their historical development from ancient 
harvest forward contracts through the founding of the futures exchanges to the 
option pricing theory of Black, Scholes, and Merton, and explains the market 
infrastructure, including margining and the regulation tightened after 2008 (central 
counterparties, EMIR, the Dodd-Frank Act). 

Pricing is developed formally: from the cost-of-carry approach for forwards through 
put-call parity to the Black-Scholes-Merton model and implied volatility, whose 
numerical determination by Newton's method and by a closed-form approximation 
is demonstrated in a worked example. Four fully worked applications quantify the 
benefits: hedging an equity portfolio with protective puts (cost of roughly 4.5 
percent for one year, a floor of about 90.5 percent of portfolio value), the deliberate 
use of leverage through index futures (leverage of 10 and more) and options 
(elasticity of about 9), hedging a bond portfolio against credit deterioration with 
CDS, and — from the option trader's perspective — delta hedging a book of calls 
and puts with outright positions, including the management of gamma, vega, and 
theta. 

The findings cut both ways: derivatives are instruments of risk transfer that can 
improve hedging, return profiles, and capital allocation (Miller, 1986; Stulz, 2004) 
— yet their leverage, complexity, and counterparty risk demand methodological 
competence and discipline, as the financial crisis experience with structured credit 
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derivatives attests (Coval, Jurek, and Stafford, 2009). The paper is intended as a 
didactic synthesis, not as an investment recommendation. 
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Non-Technical Summary 

 
Derivatives are contracts whose value derives from an underlying — a share, an index, an 
interest rate, a currency, or the credit quality of a borrower. The basic forms are quickly 
explained: a future obliges both parties to buy or deliver at a fixed price on a fixed date. A call 
option grants the right (not the obligation) to buy at a fixed price; a put option the right to 
sell. A swap exchanges payment streams, for instance fixed against floating interest. And a 
credit default swap (CDS) works like insurance against the default of a borrower.2 

What are the benefits for the investor? Essentially for three things. First, hedging: an investor 
who owns an equity portfolio and fears price losses can use put options to install a minimum 
value — like an insurance policy with a deductible, whose premium in the worked example 
costs a good four percent for one year. A bond investor can protect himself with a CDS against 
the credit deterioration of a borrower. Second, leverage: a fraction of the capital suffices to 
capture the full market movement — an index future with a seven percent margin deposit 
levers gains and losses by more than a factor of ten. Third, fine-tuning: return profiles can be 
shaped (for instance, extra income from written calls), and interest rate and currency risks can 
be switched on and off at will. 

The paper also explains the mechanism behind all this: how futures exchanges tame default 
risk with daily collateral payments (margins), with losses settled daily, how option prices come 
about, and what the famous implied volatility means: the market's expectation of fluctuation 
embedded in the option price — the price of fear, as it were. A dedicated chapter presents the 
world of the option trader: he measures his book in Greeks — delta, gamma, vega, theta — 
and continuously offsets the price risk by buying or selling the underlying. 

History counsels caution at the same time: securitised credit derivatives (CDOs) stood at the 
centre of the 2008 financial crisis, and leverage works in both directions. Since then, regulators 
(EMIR in Europe, Dodd-Frank in the United States) have required central clearing, collateral, 
and reporting for large parts of the market. 

The practical conclusion: derivatives are neither pernicious nor a universal remedy, but 
instruments of risk transfer. Used properly — with a clear purpose, limited leverage, and an 
understood mechanism — they extend every investor's range of instruments; used improperly, 
they amplify precisely the risks they are meant to control. 

 
2 Derivatives are leveraged instruments: the same properties that make them suitable for hedging can, if used 
improperly, lead to losses exceeding the capital invested. 
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1  Introduction 

Few instrument classes in financial markets polarise opinion like derivatives: to some they 
are — in Warren Buffett's much-quoted phrase — financial weapons of mass destruction, 
to others the most important financial innovation of the twentieth century (Miller, 1986). 
Measured by outstanding notional volume, the over-the-counter derivatives markets, at 
several hundred trillion US dollars, are the largest financial markets in existence, and 
exchange-traded futures and options are among the most liquid instruments in the world. 
For the investor, the question is therefore not so much whether he will encounter 
derivatives — through funds, certificates, and the hedging practices of issuers he does so 
in any case — but whether he understands their mechanics well enough to capture their 
benefits and avoid their risks.3 
     The academic literature has surveyed both sides. Pricing theory was founded by Black 
and Scholes (1973) and Merton (1973) with the arbitrage-free valuation principle, which 
Cox, Ross, and Rubinstein (1979) translated into the intuitive binomial model; Black 
(1976) extended it to futures, and Stoll (1969) formalised put-call parity. Implied volatility 
was established as an informational quantity by Latané and Rendleman (1976), its practical 
approximation was provided by Brenner and Subrahmanyam (1988), and Rubinstein 
(1994) documented the volatility skew that emerged after 1987. Credit derivatives were 
opened up structurally by Merton (1974) and in valuation terms by Duffie (1999) and Hull 
and White (2000); the lessons of structured products in the financial crisis are drawn by 
Coval, Jurek, and Stafford (2009), Longstaff and Rajan (2008), and Benmelech and Dlugosz 
(2009). The economic benefits and risks of the instrument class are appraised by Miller 
(1986), Stulz (2004), and — on central clearing — Duffie and Zhu (2011). 
     The contribution of this paper lies in an investor-oriented synthesis: it organises the 
forms of derivatives from calls and futures to CDS, CDO, and CLO, explains their origins, 
regulation, and margin mechanics, develops pricing — including implied volatility — on a 
formula basis, and quantifies the benefits in four fully worked applications: hedging and 
leverage for the equity investor, CDS protection for the bond investor, and delta hedging 
from the perspective of the option trader. All examples are hypothetical and serve 
illustrative purposes. 
     The paper is structured as follows. Section 1 (the present section) introduces the 
research question and surveys the literature. Section 2 defines derivatives and systematises 
the basic forms together with their payoff profiles. Section 3 traces the historical 
development. Section 4 develops pricing from no-arbitrage and cost of carry, and Section 
5 the Black-Scholes-Merton model and implied volatility. Section 6 covers market 
infrastructure, margining, and regulation, and Section 7 credit derivatives from CDS to 

 
3 All numerical examples in this paper are hypothetical, computed before taxes and transaction costs, and do not 
constitute investment, legal, or tax advice. 
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CLO. Sections 8 and 9 quantify the benefits for equity and bond investors in worked 
examples, and Section 10 adopts the option trader's perspective and shows how an options 
book is hedged using the Greeks. Section 11 systematises risks and limits, and Section 12 
concludes with an outlook. 

2  Concept and Basic Forms: Forwards, Futures, Options, 
and Swaps 

2.1  Definition and Classification 

A derivative is a contract whose value derives from another quantity — the underlying. 
Underlyings include shares and equity indices, interest rates and bonds, currencies, 
commodities, and, since the 1990s, the credit quality of borrowers. The classification follows 
two axes. The first is the structure of obligation: unconditional forward transactions 
(forwards, futures, swaps) bind both parties to perform; conditional transactions (options) 
give the buyer a right and the seller an obligation — for which the buyer pays a premium. 
The second is the trading venue: exchange-traded derivatives are standardised and 
collateralised through a central counterparty; over-the-counter (OTC) derivatives are 
individually negotiated and carry counterparty risk. Table 1 organises the most important 
forms.4 
 
 Table 1: The basic forms of derivatives at a glance 

Instrument Obligation Trading Typical use 
Forward binding on both sides 

(purchase/delivery at 
maturity) 

OTC, bespoke currency and commodity hedging 
by firms 

Future binding on both sides, 
standardised 

exchange, centrally 
cleared 

index, rate, and commodity 
exposure; hedging and leverage 

Call option buyer: right to buy; seller: 
obligation to deliver 

exchange and OTC participation with limited outlay; 
extra income (writer) 

Put option buyer: right to sell; seller: 
obligation to take delivery 

exchange and OTC protection against price losses 

Swap (e.g. interest 
rate swap) 

bilateral exchange of 
payment streams 

OTC, increasingly 
cleared 

interest rate and currency 
management 

Credit default swap 
(CDS) 

protection seller pays upon 
a credit event 

OTC, partly cleared hedging/assumption of credit risk 

CDO / CLO tranched securitisation of 
bond or loan portfolios 

OTC / issuance transformation of credit risk into 
risk classes 

Source: own compilation after Hull (2018). 

 
4 The notional value of a derivative denotes the reference quantity of the contract, not the capital at risk; market 
and credit risk are better measured by market values and risk metrics. 
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Two properties are shared by all forms. The first is the zero-sum principle at the contract 
level: what one side gains, the other loses — the economic benefit arises not from the 
contract itself but from the transfer of risk between parties in different situations: the 
farmer sheds a price risk he does not want to bear, the speculator assumes it in exchange 
for an expected premium (Working, 1953). The second is leverage: because little or no 
capital changes hands, small movements in the underlying move large contract values — 
the source of the benefits as well as the dangers. 

2.2  Payoff Profiles: the Basic Forms 

The language of derivatives is their payoff profiles at maturity. For the three basic payoff 
forms, equations (1) to (3) apply:5 

 Payoff forward (long) = ST − F (1) 

Equation (1): The buyer of a forward with delivery price F gains one for one when the 
underlying ST closes above F, and loses one for one below it — a symmetric, linear profile 
without a premium. 

 Payoff call (long) = max(ST − K, 0) (2) 

Equation (2): The call pays the difference between the underlying and the strike price K 
when that difference is positive — and otherwise nothing. The profile is asymmetric: limited 
outlay (the premium), unlimited upside. 

 Payoff put (long) = max(K − ST, 0) (3) 

Equation (3): The put pays when the underlying falls below the strike — the insurance 
profile that Section 8 uses for portfolio protection. Figure 1 shows the four basic positions 
from the buyer's and the seller's perspective. 

 
5 All profit-and-loss figures for the payoff profiles refer to the maturity date and include the premium paid or 
received. 
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 Figure 1: Payoff profiles of the four basic option positions at maturity (strike 100, premium 

schematically 5; profit/loss including premium). 
 Source: own illustration. 

The basic positions in Figure 1 are the alphabet from which all strategies are composed: 
stock plus long put yields the protected holding, stock plus short call the covered call, and 
the combination of long put and short call around the holding the collar — Section 8 
develops these components with numbers. Noteworthy is the asymmetry of the risks: option 
buyers can lose at most the premium, while option sellers (writers) bear potentially 
unlimited risks — the reason why writing options requires collateral. 

2.3  Swaps and the Building-Block Principle 

The swap completes the set of instruments: two parties exchange payment streams — in 
the standard case of the interest rate swap, fixed against floating interest on a notional 
amount. Economically, the interest rate swap is nothing other than a bundle of forwards 
on the future money market rate — an example of the building-block principle of the 
derivatives world: virtually every product, however complex, can be decomposed into the 
constituent components of forwards and options. For investors, this decomposition is the 
most important due-diligence tool: a certificate, a structured product, or a bond with 
embedded rights is always the sum of its derivative components — and should not cost 
more than they do.6 

 
6 The decomposability of complex derivatives into forwards and options is also the most important analytical tool 
for structured products: if the individual components can be priced, the package can be audited. 
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     From the investor's perspective, three recurring purposes emerge that guide this paper: 
hedging (shedding risk), speculation and leverage (deliberately assuming risk), and fine-
tuning (shaping return profiles, implementing allocations cheaply). The economic benefits 
— risk sharing, price discovery, market efficiency — have been well documented since 
Miller (1986) and Stulz (2004); they arise precisely when the instruments serve these 
purposes rather than the concealment of risks. 

2.4  Exotic Options and Securitised Derivatives 

Beyond the basic forms, practice has produced a family of variants collectively known as 
exotic options. Barrier options come into existence or are extinguished when the underlying 
touches a threshold — the knock-out structure makes them cheaper than standard options 
because the buyer forgoes part of the scenarios. Asian options pay on the average of the 
underlying over the life of the option rather than on the final level; they smooth 
manipulation and reporting-date risks and are therefore common in the commodity and 
currency business of corporations. Digital or binary options pay a fixed amount if a 
condition occurs — the purest betting structure, which is why their sale to retail investors 
is prohibited in the EU. What all variants share is this: they can be analysed with the 
building-block principle of Section 2.3 and priced with the methods of Section 5, albeit 
with greater effort.7 
     For retail investors in the German-speaking countries, derivatives usually appear in 
securitised form: as warrants, knock-out certificates, discount, bonus, or express 
certificates. Economically, these products are nothing other than combinations of the 
components presented in this section — a discount certificate, for instance, is the covered 
call of Section 8.2 in the legal form of a note, and a bonus certificate a combination of the 
underlying and a barrier option. The packaging lowers the barrier to entry, but it has its 
price: Henderson and Pearson (2011) document issuance premiums of several percent above 
the fair value of the constituent components for structured retail products in the US 
market, and for the German market Entrop, Scholz, and Wilkens (2009) document 
systematic pricing in favour of the issuers, particularly for complex structures. The 
consequence for the investor is not abstinence but decomposition: knowing the fair value 
of the constituent components reveals the price of the packaging. 

2.5  Basic Vocabulary: Moneyness, Intrinsic Value, and Time Value 

A small vocabulary is indispensable for the chapters that follow. The position of the 
underlying relative to the strike is called moneyness: a call is in the money when the price 
is above the strike, at the money when it is near it, and out of the money below it. The 

 
7 In Germany and Austria, securitised derivatives are mostly issued as bearer bonds; the investor therefore 
additionally bears the issuer risk of the issuing bank — a lesson of the Lehman insolvency of 2008. 
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option price decomposes accordingly into two parts: the intrinsic value — what immediate 
exercise would yield today — and the time value, which comprises everything else: the 
value of the possibility that the price will still move favourably before maturity. An option 
out of the money consists entirely of time value; time value is largest at the money and 
melts away as expiry approaches — at an accelerating rate, as the theta concept of Section 
10 makes precise.8 
     This vocabulary makes option prices readable. That the call in the later worked 
example costs about 6.4 at a price of 100 and a strike of 100, although its intrinsic value 
is zero, says: the market prices the chance of favourable price moves over half a year at 
6.4 percent of the share value — and this number rises and falls with the expected intensity 
of fluctuation. Time value is, as Section 5 will show, at its core a price for volatility; paying 
it purchases movement, collecting it sells movement. 

3  A Brief History of Derivatives: from Miletus to the 
Clearing Obligation 

3.1  Antiquity and the Early Modern Period 

Derivatives are not an invention of modern finance. The oldest surviving description of an 
option transaction comes from Aristotle: the philosopher Thales of Miletus is said to have 
acquired, against a small deposit in winter, the right to use all the olive presses of the 
region in autumn — and after a rich harvest to have sublet the presses dearly. The 
structure is that of a call: limited outlay, a right without an obligation, profit from the 
difference between the agreed and the actual price. Grain forward contracts are also 
documented from Mesopotamia; delivery contracts on future harvests are among the oldest 
written commercial contracts of any kind (Swan, 2000).9 
     The early modern period produced two formative episodes. On the Amsterdam 
exchange of the seventeenth century, shares of the East India Company were already 
traded with options and forward transactions; Josef de la Vega's Confusión de Confusiones 
(1688) describes option writing, short sales, and contracts for differences in remarkable 
detail. The Dutch tulip mania of 1636/37, in turn, revealed the dark side early: a 
substantial part of the trading ran through forward contracts on tulip bulbs, and when 
prices collapsed, many contracts were simply not honoured — the counterparty risk of 
uncollateralised forward transactions, which occupies regulation to this day, was born 
(Garber, 1989). 

 
8 The terms apply to puts in mirror image: a put is in the money when the underlying trades below the strike 
price. 
9 Aristotle, Politics, Book I, 1259a. The account of Thales is considered the oldest surviving description of an 
option transaction. 
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     The keystone of pre-modern development was set by Japan: at the Dojima rice 
exchange in Osaka, standardised forward trading in rice warehouse receipts was conducted 
from 1730 with official sanction — with fixed contract specifications, cash settlement, and 
clearing-like structures, Dojima is considered the world's first organised futures exchange 
(Schaede, 1989). Rice prices determined the incomes of the rice-salaried samurai and of the 
merchants alike; the futures market distributed this risk — the same economic function 
that Chicago would institutionalise a century and a half later. 

3.2  Chicago and the Birth of Modern Futures Trading 

Modern standardised futures trading arose in the grain belt of the United States. The 
Chicago Board of Trade (CBOT), founded in 1848, introduced standardised futures from 
1865: fixed contract sizes, defined qualities, fixed delivery dates — and a margin system 
that obliged both sides to post collateral. Standardisation solved the problem of the tulip 
mania: performance was guaranteed no longer by trust in the individual trading partner 
but by collateralisation through the exchange. Working (1953) and Telser (1981) showed 
why this model prevailed: standardisation creates liquidity, liquidity lowers hedging costs, 
and central collateralisation opens the market to strangers.10 
     For a century, futures remained a commodity instrument. The turning point came in 
1972 when the Chicago Mercantile Exchange (CME), after the collapse of the Bretton 
Woods system, introduced currency futures — the first exchange-traded financial 
derivative. Interest rate futures (1975), equity index futures (1982), and options on futures 
followed. The transition from the harvest to the financial variable as underlying was the 
moment at which derivatives turned from a farmers' tool into an investors' tool (Miller, 
1986). 

3.3  1973: Options Exchange and Option Formula 

The year 1973 marks the twin scientific and institutional birth of the modern options 
market. In April, the Chicago Board Options Exchange (CBOE) opened as the first 
exchange for standardised equity options; in May, the paper by Black and Scholes (1973) 
appeared, almost simultaneously with Merton's (1973) extension. The Black-Scholes-
Merton theory delivered what the market lacked: a preference-free, arbitrage-based price 
for options — and, with the delta, at the same time the instruction for how a writer can 
neutralise his risk by trading in the underlying, as Sections 5 and 10 set out. Rarely have 
theory and market practice fertilised each other so directly: traders on the CBOE floor 
were working within months with calculators in which the formula was embedded.11 

 
10 The standardisation by the Chicago Board of Trade covered contract size, quality grades, delivery months, and 
delivery locations — the blueprint of every modern futures contract. 
11 Fischer Black died in 1995; the 1997 Nobel Prize went to Scholes and Merton, with Black's contribution 
expressly acknowledged by the Academy. 
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     The following decades brought the extension to ever new risks: interest rate swaps from 
1981, credit derivatives from the mid-1990s, when J.P. Morgan structured the first credit 
default swaps, and from the late 1990s the securitisation wave of the CDOs. The OTC 
market grew to notional values of several hundred trillion US dollars — a multiple of world 
economic output, although notional values considerably overstate the true risk (Stulz, 
2004). 
     That the new theory was no universal solution became apparent as early as 1987: the 
strategy marketed as portfolio insurance — not buying the put of Section 8 but replicating 
it synthetically through rule-based selling of index futures — amplified the crash of 19 
October 1987, when all replicators had to sell at once. It was early evidence that hedging 
strategies can themselves become a market risk in the aggregate, and the origin of the 
volatility skew treated in Section 5.3. 

3.4  Crisis and Reorganisation: 2008 as a Caesura 

The 2008 financial crisis was also a derivatives crisis — more precisely, a crisis of 
uncollateralised, opaque credit derivatives. The near-collapse of the insurer AIG, which 
had written CDS protection of more than 500 billion US dollars notional without posting 
adequate collateral, and the losses on CDO tranches whose ratings systematically 
underestimated the correlation of the underlying mortgages (Coval, Jurek, and Stafford, 
2009), exposed the weak points of the OTC market: counterparty risk, lack of transparency, 
lack of collateral. What is remarkable is what did not collapse: the exchange-traded, 
centrally cleared markets functioned smoothly even in the autumn of 2008 — the margin 
system of the nineteenth century passed its severest test.12 
     The regulators' response — the G20 resolutions of Pittsburgh 2009, the Dodd-Frank 
Act in the United States, EMIR in Europe — therefore followed a simple logic: the OTC 
market was to be subjected to the safeguards of the exchanges. A clearing obligation for 
standardised OTC derivatives, reporting to trade repositories, and collateral requirements 
for uncleared transactions have since formed the regulatory foundation that Section 6 treats 
in detail. Duffie and Zhu (2011) pointed out early that central clearing does not eliminate 
counterparty risk but concentrates it in the central counterparty — supervision of the 
clearing houses themselves thus became the new core task. 

3.5  The German-Speaking Region: from the DTB to Eurex 

The German-speaking region has its own derivatives history. Forward transactions in goods 
and securities were established on the exchanges of Berlin, Vienna, and Bremen in the 
nineteenth century but were sharply restricted after the Gründerkrach of 1873 and again 

 
12 Warren Buffett had already described derivatives as financial weapons of mass destruction in the Berkshire 
Hathaway shareholder letter for 2002 — a warning that found broad reception after 2008. 
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by the German Exchange Act of 1896 — the legislature regarded exchange forward trading 
as gambling, and forward transactions by private individuals were long unenforceable under 
the gambling defence. The consequence was a century of abstinence: while Chicago built 
the modern futures market, Germany and Austria lacked the market infrastructure 
entirely.13 
     The turnaround came late and then quickly. In 1990, the Deutsche Terminbörse (DTB) 
began trading as one of the world's first fully electronic derivatives exchanges — initially 
with options on German blue chips, soon with the DAX future and the Bund future, which 
it captured from its London competitor. The merger of the DTB with the Swiss SOFFEX 
created Eurex in 1998, which within a few years rose to become the world's highest-
turnover derivatives exchange; its contracts on German government bonds and on the 
EURO STOXX 50 remain among the most liquid interest rate and equity index derivatives 
in the world. For the examples in this paper, that is the practical backdrop: the index 
options and futures used in Sections 8 and 10 correspond in size and mechanics to the 
Eurex contracts. 

4  Pricing I: Arbitrage, Cost of Carry, and Put-Call Parity 

4.1  The Arbitrage Principle 

Derivatives prices arise not from forecasts but from arbitrage. The core idea that carries 
the whole of modern valuation theory is this: if the payoff of a derivative can be replicated 
by a trading strategy in the underlying and the money market, the derivative must cost 
as much as the replication — otherwise a riskless profit would exist that arbitrageurs would 
immediately harvest. For investors, this principle has a reassuring consequence: the price 
of a forward or future contains no market opinion about future prices, only the cost of 
carrying the position from today to the delivery date. A high forward price is not a buy 
signal, a low one not a sell signal.14 

4.2  Cost of Carry: the Forward Price 

From the replication argument, the fair forward price follows directly. The underlying can 
be obtained at the delivery date by buying it today at the spot price S0 on credit and hold 
it until then; the forward price must match the terminal value of this strategy. Equation 
(4) summarises the cost-of-carry model:15 

 
13 The Bund future initially traded on London's LIFFE; the fully electronic DTB drew the trading almost entirely 
to Frankfurt by the late 1990s — an early lesson in the network effects of electronic markets. 
14 The replication argument presupposes that short sales are possible and that borrowing and lending rates 
roughly coincide; in practice, transaction costs define a narrow band around the theoretical forward price. 
15 For commodities, storage costs take the place of the dividend yield (with the opposite sign); a convenience yield 
can push the forward price below the spot price (backwardation). 
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 F0 = S0 · e(r − q)·T (4) 

Equation (4): The forward price F0 is the spot price compounded at the net cost of carry 
— the financing rate r less the income q that the holder of the underlying collects (dividend 
yield for equities, coupon yield for bonds) — over the maturity T. An example: with an 
index level of 5,000 points, an interest rate of 3 percent, a dividend yield of 2.5 percent, 
and nine months to maturity, the fair forward price is 5,000 · e0.005 · 0.75 ≈ 5,018.8 points. 
The premium of almost 19 points is not a price expectation but pure interest arithmetic. 

Two insights follow for the investor's practice. First, the futures price converges to the 
spot price at maturity — the basis F − S melts away on schedule, and an index position 
held through futures earns or pays this basis as an implicit interest and dividend effect. 
Second, the future is thereby an almost perfect substitute for the underlying: a long position 
in the future plus a money market investment of the freed-up capital replicates the index 
investment — the basis of the capital-efficient allocation management that Section 8 
exploits (Black, 1976). 

4.3  Put-Call Parity: the Connecting Link 

The same arbitrage principle links calls and puts. Buying a call and selling a put with the 
same strike and maturity yields, in every scenario, the underlying against payment of the 
strike — that is, a forward purchase. Stoll (1969) formalised this relation as put-call parity; 
equation (5) states it for European options on an underlying without income:16 

 C − P = S0 − K · e−r·T (5) 

Equation (5): The difference between the call and the put price equals the spot price less 
the discounted strike. In the numerical example of Section 5 (spot 100, strike 100, interest 
3 percent, maturity half a year), the right-hand side is 100 − 100 · e−0.015 = 1.489 — 
exactly the difference between the option prices of 6.371 and 4.882 computed there. 

The parity is more than an arithmetic check. It says that every option position has several 
equivalent construction routes: the protected holding (stock plus put) is economically 
identical to a money market investment plus a call — an equivalence that Section 8 uses 
for the cost comparison of hedging strategies. And it disciplines prices: if the put trades 
too dear relative to the call, arbitrage (conversion or reversal) restores the parity. 
Empirically, deviations in liquid options markets are small and short-lived (Kamara and 
Miller, 1995). 

 
16 Equation (5) holds exactly for European options on underlyings without income; income is accommodated 
through the present value of dividends or a continuous yield q. 
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4.4  Basis, Contango, and Roll Yield 

Holding a futures position beyond expiry requires rolling: sell the expiring contract and 
buy the next one. The shape of the forward curve thereby becomes a return variable. If 
the prices of later delivery dates lie above the spot price — contango, the normal case with 
positive carrying costs —, the rolling investor systematically buys dearer than he sells: the 
roll yield is negative, and a long position loses even with a sideways spot price. If the 
forward prices lie below the spot price — backwardation, typical of scarce commodities 
with a high convenience yield —, the effect reverses; the roll yield was historically one of 
the most important return sources of commodity futures strategies (Gorton and 
Rouwenhorst, 2006; Erb and Harvey, 2006).17 
     The forward curve also has a theoretical interpretation older than modern pricing 
theory: Keynes (1930) argued that producers pay a premium for shedding their price risk 
— the forward price therefore normally lies below the expected spot price (normal 
backwardation), and the speculator earns this premium as an insurance fee. The empirical 
literature finds such premiums of varying size depending on market and period; what 
matters for the investor is the conceptual insight that the forward market prices two things 
at once: the carrying costs of equation (4) and — where hedging pressure exists — a risk 
premium for assuming them. 
     For investors, the lesson is uncomfortable but central: the return of a rolled futures 
position is not the price change of the underlying but the price change plus the roll yield. 
This is most visible in exchange-traded products on volatility indices, whose forward curves 
are almost permanently in contango and whose holders bear substantial roll losses over 
long periods. A futures engagement therefore requires assessing the shape of the curve 
before the direction of the price — it frequently decides the investment outcome. 

4.5  Futures or Forwards? The Marking-to-Market Effect 

Futures and forwards promise the same thing — delivery at maturity at the agreed price 
— but they pay differently. The forward settles once, at the end; the future settles daily, 
through the variation margin that Section 6 treats in detail. The difference is more than 
technique: interim gains credited daily on a future can be invested at interest, while losses 
settled daily are refinanced at the prevailing rate. Cox, Ingersoll, and Ross (1981) showed 
that futures and forward prices therefore diverge exactly when the underlying is correlated 
with the level of interest rates — practically significant above all for interest rate 

 
17 The effect is strongest for commodity and volatility futures; for equity index futures, the basis is tied closely to 
interest and dividends by the cost-of-carry argument, and the roll yield is correspondingly small. 
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derivatives themselves, where the convexity correction between futures and forward rates 
belongs to the standard apparatus of fixed income valuation.18 
     For the investor, what usually decides is not the price difference but the profile of the 
payment streams. The forward ties up no liquidity until the end but concentrates the entire 
counterparty risk on a single settlement date — appropriate for the bespoke currency 
transaction of a corporation with its house bank. The future demands daily liquidity, but 
in return credit risk is practically eliminated by collateralisation and the central 
counterparty, and the position can be closed at transparent prices at any time — 
appropriate for the liquid portfolio management this paper is mainly about. 

5  Pricing II: Black-Scholes-Merton and Implied Volatility 

5.1  The Option Pricing Formula 

Options elude the simple cost-of-carry logic because their payoff is nonlinear. The solution 
of Black and Scholes (1973) and Merton (1973) rests on a consequential observation: a 
writer can eliminate the risk of his option by continuously adjusted trading in the 
underlying — and a perfectly hedged portfolio may earn only the riskless rate. From this 
arbitrage condition follows the option price, without the expected return of the underlying 
or the risk appetite of investors entering at all. Equation (6) gives the price of a European 
call, equation (7) the two auxiliary quantities:19 

 C = S0 · N(d1) − K · e−r·T · N(d2) (6) 

Equation (6): The call price is the difference of two weighted present values — the spot 
price, weighted by N(d1), and the discounted strike, weighted by N(d2), where N(·) denotes 
the cumulative distribution function of the standard normal distribution. N(d2) is the risk-
neutral exercise probability; N(d1) is at the same time the delta of the call, whose central 
role Section 10 develops. 

 d1 = [ln(S0/K) + (r + σ²/2)·T] / (σ·√T),   d2 = d1 − σ·√T (7) 

Equation (7): In d1 and d2, all the valuation inputs are bundled — price, strike, interest 
rate, maturity, and the volatility σ. A numerical example that Sections 8 and 10 take up 
again: for S0 = 100, K = 100, r = 3 percent, σ = 20 percent, and T = 0.5 years, one obtains 
d1 = 0.177, d2 = 0.035, hence N(d1) = 0.570 and N(d2) = 0.514 — and a call price of 6.37 
as well as, via the parity of equation (5), a put price of 4.88. 

 
18 Cox, Ingersoll, and Ross (1981) show formally that futures and forward prices diverge as soon as the underlying 
is correlated with the interest rate level; with uncorrelated rates, the two prices are identical. 
19 The model's assumptions — constant volatility, continuous trading, no transaction costs, lognormally 
distributed prices — are violated in practice; Section 5.3 shows how the market corrects for this through the 
volatility structure. 
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Of all the inputs, exactly one is unobservable: the future volatility σ. Price, strike, interest 
rate, and maturity are stated in the contract or on the price screen; the intensity of 
fluctuation of the underlying over the remaining life is known to no one. This one unknown 
makes the options market what it economically is: a market for volatility. Buying an option 
is economically the purchase of fluctuation; selling one is its sale — a view that is 
fundamental to understanding the trader's perspective in Section 10. 

5.2  Implied Volatility: the Formula Backwards 

In market practice, equation (6) is usually read backwards: the option price is observable 
in the market, and what is sought is the volatility that generates it — the implied volatility. 
Latané and Rendleman (1976) established it as an informational quantity: it is the 
volatility expectation on which buyers and sellers have agreed in the price. Since equation 
(6) cannot be solved for σ, one iterates numerically, usually with Newton's method. This 
requires the sensitivity of the option price to volatility — the vega in equation (8) — and 
the iteration rule in equation (9):20 

 Vega = ∂C/∂σ = S0 · n(d1) · √T (8) 

Equation (8): The vega measures by how much the option price rises when volatility 
increases by one point; n(·) denotes the density of the standard normal distribution. In the 
numerical example, the vega is 27.77, that is, about 0.28 per volatility percentage point — 
the metric with which Section 10 measures the volatility risk of the trader's book. 

 σn+1 = σn − [C(σn) − Cmarket] / Vega(σn) (9) 

Equation (9): Starting from an initial value, the volatility is corrected until the model price 
and the market price coincide. If the call of the numerical example trades in the market at 
6.50 instead of the model value of 6.37, the procedure delivers an implied volatility of 20.46 
percent after two iterations — the market thus prices in almost half a point more 
fluctuation than the assumed 20 percent. 

 σimpl ≈ √(2π/T) · C / S0 (10) 

Equation (10): For at-the-money options there is the closed-form approximation of Brenner 
and Subrahmanyam (1988), which serves as the starting value of the iteration and as an 
approximation. In the example it yields 23.0 percent — rough, but entirely sufficient as a 
starting point for equation (9). 

 
20 The convergence of Newton's method is extraordinarily fast with the vega as the derivative; in practice, two to 
four iterations suffice for basis point accuracy. 
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5.3  Smile, Skew, and the Limits of the Model 

If the model were exact, implied volatility would have to be identical for all strikes and 
maturities. It is not: in equity index markets, puts with low strikes systematically trade at 
higher implied volatility than at-the-money options — the volatility skew shown in Figure 
2. Rubinstein (1994) traces it to the crash of 1987: since then, the market has priced 
extreme losses as more likely than the lognormal distribution of the model allows, and 
charges accordingly for downside protection.21 

 

 
 Figure 2: Implied volatility by strike (schematic): volatility skew of equity index options 

versus the flat profile of the Black-Scholes-Merton model. 
 Source: own illustration after Rubinstein (1994). 

For investors, the skew in Figure 2 has a tangible consequence: protection is structurally 
expensive. The put that the equity investor buys in Section 8 costs more than the at-the-
money volatility would justify — he pays an insurance premium to those willing to bear 
the crash risk. Bakshi and Kapadia (2003) document this premium as the systematically 
negative return of delta-hedged long option positions. This is not a market failure but the 
price of insurance — yet it means that permanent full protection costs return in the long 
run and that protection should be used selectively. 

5.4  Beyond the Formula: Binomial Trees, Dividends, and American 
Options 

The closed-form formula of Section 5.1 applies to European options, which can be exercised 
only at maturity. Exchange-traded equity options, however, are predominantly American 

 
21 Rubinstein (1994) dates the emergence of the equity index skew to the crash of October 1987; before 1987, the 
volatility structure of index options was nearly flat. 
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— exercisable at any time — and their underlyings pay dividends. The standard tool for 
these cases is the binomial model of Cox, Ross, and Rubinstein (1979): it divides the 
maturity into many small steps in which the price can only rise or fall, values the option 
at maturity, and works backwards step by step — checking at each node whether early 
exercise is worth more than continuing to hold. As the number of steps grows, the 
procedure converges to the values of the continuous model; at the same time it is flexible 
enough for discrete dividends, Bermudan rights, and other contract variants.22 
     Economically important is the dividend effect: on the ex-dividend date, the share price 
falls by the dividend, which hurts calls and helps puts. The market therefore prices 
expected dividends into option prices; for the holder of American calls, it can be optimal 
to exercise immediately before the ex-date and capture the dividend. For the investor's 
practice, three maxims suffice: European index options — like those in the examples of 
Section 8 — are correctly captured by the model of Section 5.1 including the dividend 
yield; American single-stock options are valued by the market with tree methods whose 
results usually lie close to the European values; and the implied volatility of Section 5.2 
remains, in both worlds, the common language in which option prices are compared. 

5.5  The Information Content of Implied Volatility 

Implied volatility is not merely a computational device but one of the most valuable 
information sources in financial markets. Christensen and Prabhala (1998) show that it 
predicts future realised volatility better than any quantity estimated from historical prices; 
Jiang and Tian (2005) confirm this for model-free implied volatility measures such as those 
underlying modern volatility indices. The reason is economically plausible: option prices 
aggregate the assessment of all market participants about coming uncertainty — including 
scheduled events such as earnings releases, central bank decisions, or elections, which no 
historical time series can contain.23 
     Three applications are immediately practical for investors. First, situational 
assessment: volatility indices such as the VIX and the VSTOXX condense the implied 
volatilities of an entire options market into a single number that serves as a stress 
barometer of the equity market. Second, cost comparison: whether a hedge under Section 
8 is expensive or cheap is measured not by the premium in euros but by the implied 
volatility it contains — compared with one's own volatility expectation. Third, event 
analysis: from the implied volatilities of different maturities one can read how much 
movement the market attributes to a particular date — information that is regularly more 
instructive ahead of central bank decisions than any point forecast. 

 
22 For American calls on underlyings without dividends, early exercise is never optimal (Merton, 1973); the 
American call is then worth as much as the European one. 
23 Implied volatilities contain a risk premium in addition to the expectation; on average they overstate 
subsequently realised volatility — precisely this difference is what the option writer of Section 10 collects. 
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6  Market Infrastructure: Margining, Central Clearing, and 
Regulation 

6.1  How Margins Work for Futures 

The margin system is the futures market's answer to its fundamental problem: both sides 
promise future performance without paying today. Three elements interlock. First, the 
initial margin: opening a futures position requires posting a security deposit — typically 3 
to 12 percent of the contract value, scaled to the volatility of the underlying. Second, daily 
marking to market: after every trading day, the position is valued at the settlement price 
and the gain or loss is credited to or debited from the margin account — the variation 
margin in equation (11). Third, the maintenance margin: if the account falls below this 
threshold, the margin call goes out — the demand to restore the account to the initial 
margin within a short deadline; otherwise the position is forcibly closed.24 

 VMt = (Ft − Ft−1) · m · n (11) 

Equation (11): The daily variation margin VMt is the change in the settlement price F, 
multiplied by the contract multiplier m and the number of contracts n. For an index future 
with a multiplier of 10 euros per point and two long contracts, a daily index loss of 60 
points means a debit of 1,200 euros — that very evening, not at maturity. 

 
 Figure 3: Mechanics of the margin account (schematic): account balance under daily marking 

to market, maintenance margin threshold, and replenishment to the initial margin after 
margin calls. 

 Source: own illustration. 

 

 
24 Initial margins are calibrated by the clearing houses on a risk basis (historical simulation or SPAN-like 
procedures) and are raised in stress phases — procyclical margin increases can trigger forced sales. 
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 Table 2: Margin account of a long position of two index futures over five trading days (entry 
5,000 points, multiplier 10 euros, initial margin 7,000 euros, maintenance margin 5,600 euros) 

Day Settlement price Change (points) Variation margin Balance Action 
0 5,000 — — 7,000 purchase, initial 

margin 
1 4,970 −30 −600 6,400 — 
2 4,900 −70 −1,400 5,000 margin call: +2,000 
3 4,940 +40 +800 7,800 — 
4 4,850 −90 −1,800 6,000 — 
5 4,910 +60 +1,200 7,200 — 
Source: own calculation based on equation (11); amounts in euros. The balance after day 5 equals deposits of 
9,000 euros less the cumulative loss of 1,800 euros. 

Figure 3 shows the mechanism schematically, and Table 2 works it through over five 
trading days: the account breathes with the market, and only the breach of the 
maintenance threshold on day 2 triggers the margin call. The economic point of the system 
is the transformation of credit risk into liquidity risk: because losses are settled daily, no 
large uncollateralised claim can ever build up — but in return, every participant must be 
solvent at all times. For investors, this yields the most important practical rule of futures 
use: alongside the initial margin, a liquidity reserve for variation margin payments must 
be held, so that a temporary price decline does not force the liquidation of a strategically 
correct position (Telser, 1981). 

6.2  Central Counterparties 

The margin system is administered by the central counterparty (CCP), which interposes 
itself between buyer and seller by novation: it becomes the seller to every buyer and the 
buyer to every seller. No market participant needs to assess the creditworthiness of his 
trading partner — his only counterparty is the CCP. If a clearing member fails, a line of 
defence applies, drawn from that member's margins, a default fund of all members, and 
the CCP's own capital. Duffie and Zhu (2011) and Loon and Zhong (2014) show the trade-
offs: central clearing measurably reduces bilateral counterparty risk but concentrates it in 
a few systemically important institutions whose own resilience thereby becomes the core 
regulatory question.25 

6.3  The Regulatory Framework since 2009 

The reform architecture agreed at the G20 summit in Pittsburgh in 2009 rests on four 
pillars, implemented in the United States by the Dodd-Frank Act (2010) and in Europe by 
the EMIR regulation (2012). First, the clearing obligation: standardised OTC derivatives 
— above all interest rate swaps and index CDS — must be cleared through CCPs. Second, 

 
25 Novation denotes the legal process by which the original contract between buyer and seller is replaced by two 
contracts with the central counterparty. 
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the reporting obligation: every derivatives transaction must be reported to a trade 
repository, giving supervisors a full picture of the market for the first time. Third, the 
collateral obligation: for uncleared transactions, variation margin and — above certain 
volumes — initial margin must be exchanged; uncollateralised business in the manner of 
AIG is thereby regulatorily excluded. Fourth, the trading obligation: sufficiently liquid 
contracts must be traded on regulated platforms.26 
     For retail and smaller institutional investors, investor protection comes on top: in 
Europe, MiFID II governs the appropriateness and suitability tests in the distribution of 
derivatives, and the PRIIPs regulation the standardised key information documents; 
ESMA has restricted the distribution of leveraged products to retail clients through 
leverage caps and mandatory negative balance protection. The literature's verdict on the 
reforms is predominantly positive: the transparency of the CDS market has increased 
markedly, collateralisation rates have risen, and the concentration of counterparty risk in 
CCPs is flanked by stress tests and resolution regimes (Loon and Zhong, 2014). Table 3 
summarises the framework. 
 
 Table 3: The four pillars of derivatives regulation after 2008 

Pillar Rulebook (US / EU) Core content Effect for investors 
Clearing obligation Dodd-Frank / EMIR standardised OTC derivatives 

through central counterparties 
lower counterparty risk, 
margin requirements 

Reporting 
obligation 

Dodd-Frank / EMIR reporting of all transactions to 
trade repositories 

greater market transparency 

Collateralisation BCBS-IOSCO / EMIR variation and initial margin for 
uncleared transactions 

uncollateralised OTC 
positions excluded 

Trading and 
investor protection 

Dodd-Frank / MiFID II, 
PRIIPs 

platform trading; suitability 
tests, product information, 
leverage caps 

protection standards in 
distribution to non-
professionals 

Source: own compilation after the Dodd-Frank Act (2010), EMIR (2012), MiFID II (2014). 

6.4  Market Size and Participants 

A sense of the dimensions completes the picture. According to the statistics of the Bank 
for International Settlements, the over-the-counter derivatives market comprises notional 
values in the order of 700 trillion US dollars — a multiple of annual world economic output. 
The number makes headlines but is useless for risk measurement: the gross market value 
— the sum of actual replacement values — is barely a fiftieth of it, and after netting and 
collateral, a fraction of that remains as actual credit exposure. Four fifths of the notional 
volume is in interest rate derivatives — mostly interest rate swaps between banks and 
institutional investors —, followed by currency, credit, and equity derivatives. On the 
exchange side, the large derivatives exchanges count billions of contracts traded per year; 

 
26 In the EU, alongside EMIR, the MiFID-II/MiFIR rules govern trading and transparency, and for securitisation 
positions the Securitisation Regulation requires risk retention of at least 5 percent. 
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notable is the strongly grown share of retail investors in options trading since the 2010s, 
particularly in short-dated index options.27 
     The participant structure explains why the market works: it lives from the meeting of 
different motives. Corporations hedge the currency, interest rate, and commodity risks of 
their operating business; banks intermediate and provide liquidity as market makers; 
insurers and pension funds manage the duration of their liabilities; fund managers 
implement allocation decisions; speculators and arbitrageurs assume the risks that others 
want to shed and keep prices consistent. No motive is dispensable — without speculators 
the hedger would find no counterpart, without hedgers the market would lack its economic 
anchor (Working, 1953; Stulz, 2004). 

6.5  Collateral in Bilateral Business: Netting and the CSA 

Outside the central counterparties, too, OTC business today is highly standardised. The 
legal foundation is the master agreement of the International Swaps and Derivatives 
Association (ISDA), under which all individual transactions between two parties are 
bundled into a single contractual relationship. Its most important mechanism is close-out 
netting: if one party defaults, all mutual claims are netted into a single balance — gross 
claims in the billions become a net claim that is typically only a fraction of that. In 
addition, the Credit Support Annex governs the ongoing exchange of collateral: the party 
against whom the market value has moved posts cash or prime bonds — the bilateral 
counterpart to the exchange's variation margin of Section 6.1.28 
     Since the collateral requirements of the reforms in Section 6.3, this apparatus is no 
longer optional but mandatory. For investors who use OTC derivatives — even if only the 
currency forward of Section 9.5 — this has two practical consequences: they need the 
contractual and collateral infrastructure before they close the first trade, and they must, 
as with futures, hold liquidity for collateral calls. The difference between exchange-traded 
and OTC business is thus today less a difference of risk than one of standardisation and 
operational effort. 

7  Credit Derivatives: CDS, CDO, and CLO 

7.1  The Credit Default Swap 

The credit default swap transfers the purest of all bond risks: the default of the borrower. 
The protection buyer pays a running premium — the CDS spread in basis points on the 

 
27 The market statistics of the Bank for International Settlements (BIS) appear semi-annually; notional values and 
gross market values of the OTC market are broken down there by risk category. 
28 The Credit Support Annex (CSA) is the collateral annex to the ISDA master agreement; it governs thresholds, 
minimum transfer amounts, and eligible collateral. 
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notional amount —, and the protection seller performs upon the occurrence of a defined 
credit event: bankruptcy, failure to pay, or restructuring. The construction corresponds to 
credit default insurance with one essential difference: the buyer need not own the 
underlying bond. Equation (12) gives the payment in a credit event, equation (13) the 
central valuation intuition:29 

 Payment in the credit event = (1 − R) · N (12) 

Equation (12): The protection seller pays the notional N less the recovery rate R. With a 
notional of 10 million euros and a recovery of 40 percent — the market standard for senior 
unsecured instruments — 6 million euros flow; the protection buyer is placed as if he had 
sold the bond at par. 

 s ≈ (1 − R) · PD (13) 

Equation (13): To a first approximation, the fair CDS spread s equals the expected annual 
loss — default probability PD times loss given default (1 − R). The relation can be read 
in both directions: a spread of 150 basis points at 40 percent recovery implies a risk-neutral 
annual default probability of 0.015/0.6 = 2.5 percent. Duffie (1999) and Hull and White 
(2000) develop the exact valuation, in which the present value of the premium payments 
is set equal to the present value of the expected default payment. 

 ΔV ≈ Δs · RPV01 · N (14) 

Equation (14): Before a credit event, the market value of a CDS position responds 
approximately linearly to spread changes Δs; the risky PV01 (RPV01) is the present value 
of one basis point of running premium over the remaining life — with five years remaining, 
typically about 4 to 4.5. Equation (14) is the workhorse of the bond investor in Section 9: 
it translates credit deterioration into hedging gains. 

The CDS spread has established itself alongside the rating as the second, market-based 
measure of credit quality — with the advantage of daily updating. Blanco, Brennan, and 
Marsh (2005) show that the CDS market processes new credit information faster than the 
bond market: the spread leads the bond yield in price discovery. For investors, the CDS is 
thus doubly useful — as a hedging instrument and as an early warning indicator. 

7.2  CDO and CLO: Tranched Credit Risk 

Collateralized debt obligations (CDOs) and collateralized loan obligations (CLOs) bundle 
not a single credit risk but a portfolio — typically 100 to 300 bonds or syndicated corporate 
loans — and slice its losses into tranches: the equity tranche bears the first losses (typically 

 
29 Since 2009, credit events have been determined not bilaterally but bindingly by the ISDA Determinations 
Committees; the recovery is established in a central auction. 
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0 to 3 percent of the portfolio), mezzanine tranches follow, and the senior tranche is hit 
only when the junior tranches are exhausted. From a portfolio of middling credit quality 
thus arise securities of very different risk classes — from highly speculative to (nominally) 
prime. Table 4 shows the typical structure of a CLO.30 
 
 Table 4: Typical capital structure of a CLO (simplified) 

Tranche Share Rating (typical) Loss buffer below Risk character 
Senior (AAA) 60–65 % AAA 35–40 % hit only after all junior 

tranches have defaulted 
Mezzanine 20–25 % AA to BB 8–15 % strongly correlation-sensitive 
Equity (first loss) 8–10 % none 0 % bears the first defaults, 

equity-like 
Source: own presentation after Longstaff and Rajan (2008) and Cordell, Roberts, and Schwert (2023). 

The valuation of the tranches in Table 4 hinges on a quantity that plays no role for single 
names: default correlation. If credits default independently of one another, the senior 
tranche is practically invulnerable; if they default together — say, because a recession hits 
all borrowers at once — the losses reach the top. Coval, Jurek, and Stafford (2009) showed 
that precisely here lay the design flaw of the mortgage CDOs before 2008: the ratings 
assumed correlations that were far exceeded in the nationwide housing downturn, and 
senior tranches behaved like catastrophe bonds on the entire system — rated like prime 
corporate bonds. Benmelech and Dlugosz (2009) document the scale of the subsequent 
downgrades. 
     That the structure itself is not the problem is shown by the CLO market: securitisations 
of syndicated corporate loans came through the financial crisis and the pandemic recession 
with remarkably small losses in the serviced tranches; Cordell, Roberts, and Schwert (2023) 
compute consistently positive risk-adjusted returns for the equity tranches of post-crisis 
CLOs and minimal defaults in the senior tranches. The lessons of 2008 — issuer risk 
retention, more conservative structures, better data — have turned the crisis product into 
an established asset class for institutional bond investors. 

7.3  Index CDS and the CDS-Bond Basis 

Between the single-name CDS and the tranche stands the most liquid credit derivative of 
all: the index CDS. The iTraxx indices in Europe and the CDX indices in North America 
bundle 125 equally weighted reference entities each; trading the index buys or sells 
protection on the whole portfolio in a single transaction. Standardisation has turned credit 
risk into a tradable market quantity: the index spread is the credit barometer that market 

 
30 As an umbrella term, CDO also covers the CLO; in market usage, CDO frequently denotes the (largely defunct 
post-2008) securitisations of mortgage bonds, CLO the still-active securitisations of syndicated corporate loans. 
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commentary quotes, and the instrument with which portfolio managers steer their credit 
exposure tactically — the application that Section 9.3 takes up.31 
     The existence of two markets for the same risk — bond and CDS — creates an 
observable quantity with informational value of its own: the CDS-bond basis, the difference 
between the CDS spread and the bond's yield spread. In calm markets, arbitrage keeps the 
basis near zero. In stress phases it turns markedly negative — for investment grade names 
in 2008/09 at times by several hundred basis points — because the arbitrage ties up balance 
sheet and funding, which are scarce precisely then (Bai and Collin-Dufresne, 2019). For 
the bond investor, the basis is thus readable in two ways: as a gauge of strain in the 
financial system and as a return source for those able to supply liquidity in a crisis. 

7.4  The Merton View: Credit Risk as an Option Position 

That the option world and the credit world are two chapters of the same book was shown 
by Merton (1974) in one of the most elegant insights of financial economics. The 
shareholders of a leveraged firm economically hold a call on its assets with the debt level 
as the strike: if the firm value exceeds the debt at maturity, they exercise and keep the 
difference; otherwise they surrender the firm to the creditors — limited liability is the 
option right. In mirror image, the creditors hold a safe claim less a written put on the 
firm's assets: the yield spread of a corporate bond is the premium for this implicit written 
option — credit risk is an option position, whether one calls it that or not.32 
     This view bears practical fruit. It explains why bond prices and CDS spreads respond 
to the same variables as option prices — leverage and asset volatility —, and it supplies 
market-based early warning indicators: from the share price and equity volatility, a 
borrower's distance to default can be estimated long before ratings react. For the bond 
investor, this closes the argument of this chapter: the option logic of Sections 2 and 5 also 
clarifies the credit portfolio — he holds, without ever having traded an option, a book of 
written puts on the assets of his borrowers. 

8  The Benefits for the Equity Investor: Hedging, Return 
Profiles, and Leverage 

8.1  Worked Example of Hedging: the Protective Put 

The most important benefit of derivatives for the equity investor is the separation of 
market participation from loss risk. The canonical instrument is the protective put: a put 

 
31 The European iTraxx indices and the North American CDX indices are recomposed ("rolled") semi-annually; 
the main series comprise 125 investment grade borrowers. 
32 The Merton model underlies the market-based default measures of commercial providers as well as the distance-
to-default metrics of central banks and supervisors. 
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option is bought alongside the equity holding, securitising the right to sell at the strike — 
an insurance policy with a deductible. A worked example: an investor holds an index-like 
equity portfolio of 1,000,000 euros at an index level of 5,000 points. He fears a severe price 
decline over the coming year but wants to stay invested. He buys puts with a strike of 
4,750 — 95 percent of the index level — and a maturity of one year. With a contract 
multiplier of 10 euros per index point, one contract covers 50,000 euros; full protection 
requires 20 contracts. The model of Section 5 prices this put at 223.1 points, so the hedge 
costs 223.1 · 10 · 20 = 44,625 euros, or 4.46 percent of the portfolio value.33 
     The outcome profile is thereby fully determined. In the worst case — the index falls 
arbitrarily far — the investor effectively sells at 4,750: portfolio value 950,000 euros less 
the premium, about 905,400 euros. He cannot lose more than 9.5 percent, however deep 
the market falls. If instead the index rises by 10 percent, the put expires worthless, and 
the investor keeps 1,100,000 less 44,625, about 1,055,400 euros — he participates fully, 
diminished by the premium. Table 5 sets out the scenarios, and Figure 4 shows the profile. 

 
 Figure 4: Outcome profile of the protective put at maturity: equity holding, long put (strike 

95 percent), and combined position; the loss floor is created by the put, and the premium 
shifts the profile downward. 

 Source: own illustration. 

 

 
33 All option prices in this section are computed with the model of Section 5 (interest 3 percent, dividend yield 2.5 
percent, volatility 18 percent, maturity one year); transaction costs and taxes are disregarded. 
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 Table 5: Protective put on a portfolio of 1,000,000 euros: outcome after one year (strike 
4,750, premium 44,625 euros) 

Index in one year Portfolio unhedged Value of puts Portfolio hedged Return hedged 
3,500 (−30 %) 700,000 250,000 905,375 −9.5 % 
4,000 (−20 %) 800,000 150,000 905,375 −9.5 % 
4,750 (−5 %) 950,000 0 905,375 −9.5 % 
5,000 (±0 %) 1,000,000 0 955,375 −4.5 % 
5,500 (+10 %) 1,100,000 0 1,055,375 +5.5 % 
6,000 (+20 %) 1,200,000 0 1,155,375 +15.5 % 
Source: own calculation with the valuation model of Section 5; amounts in euros, rounded. 

The figures in Table 5 make the character of the hedge clear: it is not a source of return 
but a trade — the investor gives up 4.5 percentage points of return in all benign scenarios 
and receives in exchange the certainty of losing no more than 9.5 percent in any scenario. 
Whether this trade is worthwhile depends on risk-bearing capacity: for an investor who 
cannot bear a loss beyond 10 percent — because of supervisory requirements, say, or 
imminent liabilities — the put replaces the otherwise necessary sale of half the portfolio; 
he buys risk-bearing capacity, not return. Because of the insurance premium in the skew 
shown in Section 5.3, it is equally true that permanent full protection is expensive in the 
long run; empirically it consumes a substantial part of the equity risk premium (Israelov 
and Nielsen, 2015). 

8.2  Shaping Return Profiles: Covered Call and Collar 

The same components also produce the opposite profile. The covered call — equity holding 
plus written call — trades price potential above the strike for immediate premium income: 
the investor forgoes the rare large rallies and in exchange regularly collects the volatility 
premium that option buyers pay. Whaley (2002) shows for the systematic covered call 
strategy on the S&P 500 (the BXM index) equity-like returns at markedly lower volatility 
over long periods. The combination of both ideas is the collar: the sale of a call above the 
market finances the purchase of the put below it — protection at zero outlay, paid for with 
the cap. Figure 5 presents both profiles.34 

 

 
34 In the collar, the written call finances the purchased put; with a suitable choice of strikes, the net premium is 
zero (zero-cost collar). 
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 Figure 5: Return profiles of the covered call (left) and the collar (right) at maturity, compared 

with the pure equity holding. 
 Source: own illustration. 

Figure 5 illustrates the general point: with the components of Section 2, the return profile 
of an equity holding can be shaped almost at will — floor, cap, premium income, or 
combinations. Derivatives thereby widen the investor's decision space from the binary 
question of invested or not to the design question of which profile suits my risk-bearing 
capacity. 
     A numerical example makes the collar concrete: the investor of Section 8.1 buys the 
put with strike 4,750 for 223.1 points and simultaneously sells calls with strike 5,350; the 
valuation model of Section 5 prices this call at about 225 points. The net cost of the hedge 
thus falls from 4.46 percent to nearly zero — in exchange, participation ends at plus 7 
percent. The investor has confined his annual outcome to the range of roughly minus 5 to 
plus 7 percent at no running cost: the bandwidth of a balanced portfolio with the holdings 
of an equity portfolio. 

8.3  Worked Example of Leverage: Futures and Options as Capital 
Amplifiers 

The second source of benefit is leverage — the same property introduced as a danger in 
Section 2, deployed deliberately. A worked example with futures: an investor with 10,000 
euros of capital expects rising prices and buys two index futures at a level of 5,000 
(multiplier 10 euros, contract value 50,000 euros each). His market exposure is 100,000 
euros — ten times his capital; under Section 6, only 7,000 euros are tied up as initial 
margin. If the index rises 5 percent to 5,250, he gains 250 · 10 · 2 = 5,000 euros — 50 
percent on his capital. If the index falls 5 percent, he likewise loses 50 percent, and the 
variation margin payments of equation (11) demand the loss daily in cash; under equation 
(11), a daily loss of just 60 index points already means a debit of 1,200 euros. Leverage 
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works exactly symmetrically — amplified opportunity against amplified, daily realised 
risk.35 
     Options lever asymmetrically. The call from the numerical example of Section 5 costs 
6.37 at a price of 100: for a tenth of the capital outlay, the buyer obtains more than half 
of the price movement — but his maximum loss remains capped at the premium. The 
leverage is measured by the elasticity in equation (15): 

 Ω = Δ · S0 / C (15) 

Equation (15): The elasticity Ω (omega) states by how many percent the option price rises 
when the underlying gains one percent — delta times price, divided by the option price. 
For the call of the numerical example: Ω = 0.570 · 100 / 6.37 ≈ 9 — the option moves 
about nine times as strongly as the share. For out-of-the-money options, Ω rises further, 
while the probability of a total loss of the premium grows with it. 

The economic value of leverage lies less in speculation than in capital efficiency. An index 
position held through futures rather than shares ties up a tenth of the capital and can 
invest the rest at interest or deploy it elsewhere — under Section 4.2, future plus money 
market investment replicates the index investment almost perfectly. Institutional investors 
manage their allocation this way: a tactical shift of two percentage points between equities 
and bonds costs, through futures, a fraction of the cash market's transaction costs and is 
implemented in minutes. Leverage here is not a return amplifier but a tool that decouples 
capital from exposure management (Stulz, 2004). 

8.4  Variants of Protection Compared 

The protective put of Section 8.1 is the purest but not the only form of protection, and the 
alternatives differ considerably in cost and protection profile. The complete sale through 
futures removes the market risk entirely — it costs no premium but also surrenders every 
upside: economically a switch into the money market, only cheaper and faster than selling 
the holdings. The collar of Section 8.2 lowers the premium to as little as zero, paid for with 
the cap. The put spread — buying the put at 95, selling a put at 80 — roughly halves the 
cost and protects in the zone between the two strikes, but leaves extreme losses open again. 
And partial protection — hedging only half the portfolio under Section 8.1, say — scales 
cost and protection linearly. Which variant is appropriate follows from the question of 
what the investor is actually protecting against: every decline, the zone of middling losses, 
or only the catastrophe.36 

 
35 The leverage of 14.3 results from the contract value of 50,000 divided by the initial margin of 3,500; it varies 
with the margin rates set by the exchange. 
36 In the put spread, downside protection is limited by the sale of a lower put; the premium received lowers the 
cost, but below the lower strike the portfolio is unprotected again. 
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     The empirical literature counsels honesty about costs. Israelov and Nielsen (2015) show 
that rolling full protection with puts consumes a large part of the equity risk premium over 
long periods — the insurance premium of the skew from Section 5.3 acts year after year. 
Conversely, the literature on option writing (Whaley, 2002; Bakshi and Kapadia, 2003) 
documents that collecting this very premium is systematically rewarded. From this follows 
perhaps the most important rule of this chapter: protection is an instrument for defined 
situations — heightened vulnerability, concentrated positions, imminent liabilities —, not 
a permanent state; a need for permanent insurance indicates too much risk in the base 
portfolio. 

8.5  Cash-Secured Puts: the Planned Entry 

One final application deserves mention because it opens the writer's side to conservative 
investors: the cash-secured sale of puts. An investor who wants to buy a share anyway — 
but preferably below the current price — sells a put with a strike at his target level and 
holds the purchase price in cash. If the price falls below the strike, the share is put to him: 
he buys what he wanted to buy, at his target price, additionally cheapened by the premium. 
If the price stays above, he keeps the premium as payment for waiting. Through the put-
call parity of equation (5), the position is economically the covered call of Section 8.2 — 
the same premium source in different packaging.37 
     The limits are those of every writing strategy: in a severe sell-off, the investor buys at 
the strike what has meanwhile become much cheaper in the market — the premium 
cushions this but does not prevent it. The strategy is therefore suitable only for names the 
investor genuinely wants to hold at that price, in sizes his allocation can bear. Under that 
condition, however, it converts the insurance premium of Section 5.3 from a cost factor 
into a return component — the investor stands on the side to which the hedgers pay. 

9  The Benefits for the Bond Investor: Managing Interest 
Rate and Credit Risk 

9.1  Interest Rate Risk: Duration Made to Measure 

The bond investor bears two risks: interest rate risk — rising yields depress prices — and 
credit risk — the borrower's credit quality deteriorates or he defaults. For both, the fitting 
derivative exists. Interest rate risk is managed with bond futures and interest rate swaps: 
lowering portfolio duration is achieved by selling bond futures instead of selling holdings; 
raising it is achieved by buying them. The adjustment is implemented in minutes, costs a 

 
37 Cash-secured means that the writer holds the full purchase price in liquid assets; the position thus contains no 
leverage and no margin call risk. 
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fraction of the cash market, and leaves the holdings — including their tax and accounting 
treatment — untouched. Insurers and pension funds thus extend the duration of their 
assets toward that of their liabilities (liability-driven investing) without turning over the 
entire portfolio.38 
     Here too a numerical example helps: a portfolio of 50 million euros with a duration of 
8 loses about 4 million euros if yields rise by one percentage point. To halve the duration 
to 4, the manager sells bond futures with an exposure of about 25 million euros — with 
the Euro-Bund future at a contract value of around 130,000 euros and similar duration, 
roughly 190 contracts. The transaction ties up only the initial margin, is implemented 
within minutes, and is just as quickly reversible if the interest rate view changes. 

9.2  Worked Example: Hedging Credit Deterioration with CDS 

Credit risk is taken over by the CDS of Section 7. A worked example: an investor holds 
corporate bonds of a carmaker with a face value of 10 million euros and five years to 
maturity. The bonds yield attractively, but the investor sees early warning signs — weak 
sales, rising debt — and fears a downgrade, yet does not want to sell the bonds, perhaps 
because the market is thin or hidden reserves would be realised. He buys CDS protection 
on 10 million euros notional for five years at a spread of 150 basis points. Cost: 150,000 
euros per year, payable quarterly — the price for placing the default risk entirely with the 
protection seller.39 
     Now the fears come true: within a year, the agency downgrades the borrower by two 
notches, the five-year spread widens from 150 to 350 basis points, and the bonds' price 
falls by about 8 percent — a paper loss of 800,000 euros. The CDS position gains in mirror 
image: under equation (14), with an RPV01 of 4.3, the mark-to-market gain is about (0.035 
− 0.015) · 4.3 · 10,000,000 = 860,000 euros. The investor can close the hedge at a profit or 
let it run; should default follow later, the protection seller pays, under equation (12) at 40 
percent recovery, 6 million euros. Table 6 assembles the scenarios. 
 
 Table 6: CDS protection of 10 million euros of corporate bonds: scenarios after one year 

(spread at inception 150 basis points, RPV01 4.3, recovery 40 percent) 

Scenario after one year Bond position CDS position Net result 
Credit stable (spread 150 bp) ±0 −150,000 (premium) −150,000 
Downgrade (spread 350 bp) −800,000 +860,000 − 150,000 −90,000 
Default (recovery 40 %) −6,000,000 +6,000,000 − 150,000 −150,000 
Recovery (spread 100 bp) +200,000 −215,000 − 150,000 −165,000 
Source: own calculation based on equations (12) and (14); amounts in euros, rounded; bond position as price 
change excluding coupon income. 

 
38 Duration measures the percentage price change of a bond for a one percentage point change in yields; bond 
futures allow it to be managed without reshuffling the holdings. 
39 The example assumes that CDS on the borrower are available in sufficient liquidity; for smaller issuers without 
a CDS market, an index CDS (iTraxx, CDX) can serve as an approximate hedge, with corresponding basis risk. 
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Table 6 shows the essence of the hedge: in every scenario, the net result lies close to the 
premium paid — the investor has exchanged the credit risk for a fixed, calculable amount 
while keeping the bond, the coupon, and his rights in any restructuring. He has sold his 
credit risk without selling his bond. Precisely this separation — ownership here, risk there 
— is the core innovation of credit derivatives; it explains why banks, insurers, and fund 
managers continue to use the CDS as a standard tool despite its crisis history (Minton, 
Stulz, and Williamson, 2009). 

9.3  Further Applications in the Bond Portfolio 

Beyond single-name protection, credit derivatives serve the bond investor in three further 
roles. First, tactical management: index CDS on iTraxx or CDX allow the credit exposure 
of the whole portfolio to be raised or lowered within minutes — far faster and cheaper than 
trading hundreds of individual bonds. Second, return substitution: where credit risk is to 
be borne but the desired bond is unavailable — because it does not exist or is illiquid — 
can act as protection seller in the CDS and collect the premium: a synthetic corporate 
bond. Third, information use: the CDS spread provides, per Blanco, Brennan, and Marsh 
(2005), the fastest market-based credit signal — even the investor who never trades a CDS 
should read it.40 
     The tranched instruments of Section 7.2 also have their place: CLO tranches allow the 
bond investor to calibrate credit risk by risk class — from the senior tranche with a high 
loss buffer to the equity tranche with an equity-like profile — while acquiring floating rate 
assets whose coupons rise with money market rates. The precondition remains the lesson 
of 2008: buying a tranche requires understanding the correlation assumption on which its 
rating rests (Coval, Jurek, and Stafford, 2009). 

9.4  Interest Rate Options: Caps, Floors, and Swaptions 

What the put is to the equity investor, caps, floors, and swaptions are to the fixed income 
investor: options instead of firm commitments. A cap limits a floating rate on the upside 
— it is a chain of options on the money market rate that pay in every period in which the 
rate exceeds the cap rate; the floating rate borrower thereby keeps the benefit of falling 
rates and caps the risk of rising ones. The floor is the mirror image on the downside and 
secures a minimum yield for the holder of floating rate assets — such as the CLO tranches 
of Section 7.2. The swaption, finally, securitises the right to enter into an interest rate 
swap at a future date at a predetermined rate — the instrument with which pension funds 

 
40 When hedging with index CDS, the basis risk between the single name and the index remains; it is the price of 
the index's greater liquidity. 
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optionally lock in today's rate level for a later duration extension without committing 
themselves.41 
     The difference from the firm commitment is always the same as with the equity put: 
the swap fixes the rate — cheap, but binding in both directions; the swaption costs a 
premium and leaves the favourable side open. The choice between the two is thus not a 
question of the rate forecast but of the asymmetry of the situation: where rising rates 
cannot be borne but falling ones are to be exploited, the option is paid for; where only 
plannability is required, the swap is chosen. That life insurers with long-dated rate 
guarantees are among the largest buyers of swaptions and floors is the institutional 
confirmation of this logic — their liabilities themselves contain options, which they hedge 
back in the capital market. 

9.5  Currency Risk: the Silent Position in the Bond Portfolio 

Buying bonds outside the home currency establishes two positions: the bond and the 
currency. For bond portfolios this is no side effect but frequently the dominant risk — the 
annual fluctuation of an exchange rate easily exceeds that of an investment grade bond 
several times over. The standard tool is the FX forward of Section 2: selling the foreign 
currency amount forward, renewed on a rolling basis, neutralises the currency risk almost 
completely; under covered interest parity, the cost essentially equals the interest differential 
between the two currency areas. Campbell, Serfaty-de Medeiros, and Viceira (2010) show 
that for bond portfolios, full hedging is as a rule the risk-minimising choice — unlike for 
equities, where individual currencies have diversification properties.42 
     The example illustrates the core idea of this paper once more: only the derivative makes 
it possible to separate the investment decision from the currency decision. The investor 
can acquire the yield of a US corporate bond without holding a dollar view, or conversely 
leave the currency position deliberately open — both are now separate, individually 
manageable decisions instead of an inseparable package. 

10  The Option Trader's Perspective: the Greeks and Hedging 
an Options Book 

10.1  The Greeks: the Trader's Coordinate System 

In continuous trading as a trader or market maker, payoff profiles at maturity give way to 
sensitivities: the Greeks. They are the partial derivatives of the option value with respect 

 
41 Caps, floors, and swaptions are traditionally valued with the model of Black (1976), which carries the Black-
Scholes logic over to forward prices and forward rates. 
42 Under covered interest parity, the hedging cost equals the interest differential between the two currency areas 
plus a variable cross-currency basis. 
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to its determinants — each answers the question of how the value of the book changes 
when exactly one variable moves. The delta measures the sensitivity to the price of the 
underlying (equation 16), the gamma the rate of change of the delta (equation 17), the 
theta the decay of time value, and the vega — traditionally called kappa at some houses 
— the volatility sensitivity from equation (8).43 

 Δcall = ∂C/∂S = N(d1) (16) 

Equation (16): The delta of a call is N(d1) from equation (7) and lies between 0 and 1; the 
delta of the put is N(d1) − 1. It has a double meaning: it is the price sensitivity — the call 
of the numerical example, with a delta of 0.570, gains about 57 cents when the price rises 
by one euro — and at the same time the quantity of the underlying that replicates the 
option: a holding of 0.570 shares per option offsets small price moves exactly. 

 Γ = ∂²C/∂S² = n(d1) / (S0 · σ · √T) (17) 

Equation (17): The gamma measures how quickly the delta changes with the price — the 
curvature of the price curve. It is identical for call and put, largest at the money, and 
grows as maturity shortens. In the numerical example it is 0.0278: if the price rises from 
100 to 102, the delta rises from 0.570 to about 0.624. Figure 6 shows both quantities across 
prices. 

 
 Figure 6: Delta (left) and gamma (right) of a call with strike 100 as a function of the 

underlying price, for decreasing maturities. 
 Source: own calculation with the model of Section 5. 

Figure 6 shows the geometry that governs the trader's life: as maturity shrinks, the delta 
runs ever more steeply from 0 to 1, and the gamma concentrates into an ever taller spike 

 
43 For the volatility sensitivity, the older designation kappa (κ) is also in use alongside vega; "vega" is not a 
Greek letter but has prevailed in the market. 
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at the strike. An at-the-money option shortly before expiry is the most uncomfortable place 
in an options book: its delta jumps between near 0 and near 1 on the smallest price moves. 

10.2  Delta Hedging: Neutralising the Book 

The market maker does not choose his positions: he quotes prices and receives the book 
that order flow brings him — net short calls today, long puts tomorrow. His business model 
is the spread between bid and ask, not a market view; so the price risk of the book must 
be continuously neutralised. The instrument for this is the outright: a simple long or short 
position in the underlying or — for the cost reasons of Section 8.3, usually — in the future 
on it. The instruction is supplied by the delta: the portfolio delta in equation (18) is set to 
zero by an opposite outright position.44 

 Δbook = Σi ni · Δi  →  hedge = −Δbook units of the underlying (18) 

Equation (18): The delta of the book is the position-weighted sum of the individual deltas 
over all positions i; the hedge position in the underlying is its negative. Because deltas add 
linearly, a single outright trade suffices to render a book of hundreds of option series price-
neutral. 

A worked example: a market maker has net sold 1,000 calls of the numerical example 
(strike 100, maturity half a year, 100 shares per contract) — premium income 6.37 · 100 · 
1,000 = 637,100 euros. His book delta under equation (18) is −1,000 · 100 · 0.570 = 
−57,016: if the share rises by one euro, the book loses about 57,000 euros. He therefore 
buys 57,016 shares (or the futures equivalent) as an outright — the book is delta-neutral. 
If the share now rises from 100 to 102, the delta of the sold calls grows, under equation 
(17), to 0.624; the book delta is −62,431, and the trader buys a further 5,415 shares. If the 
share falls back, he sells again. This continuous adjustment is delta hedging — the practical 
implementation of the replication argument with which Black and Scholes (1973) derived 
their formula. 

10.3  Gamma, Theta, Vega: What the Hedge Does Not Cover 

Delta-neutral does not mean riskless. The example shows it: on the rise from 100 to 102, 
the trader buys 5,415 shares at 102 — dearer than the average price at which his growing 
short delta position arose. If the price falls back, he sells lower. A short option position is 
short gamma and systematically buys dear and sells cheap — a guaranteed small loss on 
every price move in either direction. The compensation is the theta: the time value of the 

 
44 Outright denotes, in trader jargon, the simple, unhedged long or short position in the underlying (cash or 
future) — as distinct from combinations or spreads. 
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sold options decays in the writer's favour, in the example by about 1,900 euros per calendar 
day. Equation (19) summarises the profit and loss of the hedged book:45 

 dΠ ≈ ½ · Γ · (dS)² + Θ · dt + Vega · dσ (19) 

Equation (19): After the delta hedge, three sources of profit and loss remain — the gamma 
term, which acts with the square of the price move (negative for the option seller), the 
theta term of time decay (positive for him), and the vega term of volatility changes. The 
economic reading: the delta-hedged writer bets that realised fluctuation will stay below the 
implied volatility he has collected — he trades volatility, not direction. Table 7 summarises 
the risk arithmetic of the example book. 
 
 Table 7: Risk arithmetic of the delta-hedged writer's book: 1,000 sold calls (strike 100, 

maturity 0.5 years, implied volatility 20 percent, 100 shares per contract) 

Metric Value per option Value of the book Meaning 
Premium income 6.37 637,100 € time value and intrinsic value collected 
Delta 0.570 −57,016 units hedge: purchase of 57,016 shares/futures 
Gamma 0.0278 −2,777 per €² forced re-buying; loss ≈ 5,554 € on a ±2 € 

daily move 
Theta −0.0194 per day +1,938 € per day time decay in the writer's favour 
Vega (kappa) 0.278 per vol. 

point 
−27,772 € per vol. 

point 
loss when implied volatility rises 

Source: own calculation with equations (8) and (16) to (19); signs from the perspective of the writer's book. 

In the example, the bet works out as follows: the daily theta income of about 1,900 euros 
covers, under equation (19), price moves of about ±1.2 euros (roughly 1.2 percent) per day 
— consistent with the collected implied volatility of 20 percent. If the market stays calmer, 
the trader earns; if it turns wilder, he loses — and in addition he carries, through the vega 
of 27.77 per volatility point (equation 8), the risk that implied volatility itself rises: about 
27,700 euros per volatility point on the book of 1,000 contracts. In practice, traders 
therefore cap not only the delta but also gamma and vega peaks through offsetting trades 
in other option series; Gârleanu, Pedersen, and Poteshman (2009) show how the market 
makers' hedging costs feed back into option prices themselves. 

10.4  Volatility as an Asset Class 

The trader's perspective leads to one final insight of direct use to investors: if a delta-
hedged options book, under equation (19), trades fluctuation rather than direction, then 
volatility is itself a tradable quantity. Its most direct expression is the straddle — the 
simultaneous purchase of an at-the-money call and put —, which profits from large moves 
in either direction and loses twice the premium in a calm market. Purer instruments are 

 
45 The orders of magnitude in the example: gamma loss for a ±2 euro move ½ · 0.0278 · 4 · 100,000 ≈ 5,554 euros; 
theta income of the book about 1,938 euros per calendar day. 
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variance swaps, which exchange realised squared fluctuation against a fixed rate, and the 
volatility indices such as VIX and VSTOXX together with the futures and options traded 
on them (Carr and Wu, 2009). The volatility risk of a portfolio can thus be managed as 
deliberately as its market or credit risk.46 
     For investors, the asset class is instructive in both directions. Long volatility — through 
VIX futures, say — is the most effective crisis hedge there is, because implied volatility 
jumps exactly when share prices fall; but because of the near-permanent contango of the 
volatility forward curve noted in Section 4.4, it is systematically loss-making as a 
permanent holding. Short volatility conversely collects the insurance premium of Section 
5.3 — steady small gains with the risk of rare, severe drawdowns, as the volatility spike of 
February 2018 inflicted on several short-dated short volatility products. Both sides confirm 
the basic rule of this paper: here too a premium is paid for a real risk, and collecting it 
presupposes the ability to bear the risk. 

10.5  Options Markets as an Information Source 

The trader's perspective pays the investor one last dividend: information. Because options 
markets offer leverage and defined risks, they attract informed traders, and their traces are 
legible. Pan and Poteshman (2006) show that the ratio of newly opened put and call 
positions predicted price moves over the following days — evidence that part of options 
volume springs from private information. The volatility skew of Section 5.3 reveals how 
dearly the market is currently pricing downside protection; the term structure of implied 
volatility of Section 5.5 dates when it expects the move; and the delta hedging of the 
market makers of Section 10.2 can, in option-heavy markets, dampen or amplify the price 
dynamics of the underlying itself (Gârleanu, Pedersen, and Poteshman, 2009).47 
     For the long-term investor, this is not an invitation to signal trading but a free 
extension of the analytical basis: reading the prices of the options market reveals which 
risks the market prices, how expensive protection currently is, and where positions cluster 
— information the cash market alone does not contain. The options market is thus useful 
even to those who never trade an option: as the measuring instrument that makes the price 
of risk itself observable. 

 
46 The VIX measures the implied volatility of the coming 30 days derived from S&P 500 option prices; its 
European counterpart is the VSTOXX on the EURO STOXX 50. 
47 The ratio of traded puts to calls (put-call ratio) and the open interest per strike are also used as sentiment and 
positioning indicators; their predictive power is more contested empirically than that of implied volatility. 
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11  Risks and Limits of Using Derivatives 

11.1  The Five Sources of Risk 

A balanced picture demands the counter-reckoning. Five sources of risk accompany every 
use of derivatives. First, leverage risk: the same mechanics that in Section 8.3 turned a 5 
percent price move into a 50 percent change in capital works in both directions; losses can 
exceed the outlay — and, for written options and forward positions, the rest of one's 
wealth. Second, liquidity risk in its double form: the variation margin of equation (11) 
demands losses daily in cash, and in stress phases bid-ask spreads widen exactly when one 
must trade. Third, the counterparty risk of uncleared OTC transactions, treated in Section 
6. Fourth, basis risk: hedging a single name with the index, or a single borrower with the 
index CDS, leaves the difference with the hedger. Fifth, model risk: all the valuations of 
Sections 4 to 10 rest on assumptions — constant volatility, continuous trading, stable 
correlations — that break in crises; the CDO experience of 2008 from Section 7.2 remains 
the costliest illustration.48 
     The sources of risk rarely act singly. Brunnermeier and Pedersen (2009) describe the 
mechanism that chains them together: falling prices raise margins and withdraw funding 
from leveraged investors, whose forced sales depress prices further and worsen market 
liquidity — a liquidity spiral in which market liquidity and funding liquidity reinforce each 
other. For the investor it follows that stress scenarios must be thought through not risk by 
risk but in their chaining: the price decline that hurts the position is typically the same 
moment in which the margin rises, the spread widens, and the counterparty grows nervous. 

11.2  Governance: Benefit Presupposes Discipline 

From the five sources of risk follows not a rejection of derivatives but a set of duties. First, 
earmarking: every position needs a named purpose — hedging, allocation management, 
defined return profiles — and a size commensurate with that purpose; the transition from 
hedging to speculation rarely happens by decision, mostly by omission. Second, liquidity 
provisioning: next to every margined position belongs a reserve for the calls of the worst 
plausible month. Third, understanding: decomposing every product into its constituent 
components under Section 2.3 is the minimum due diligence; without understanding the 
correlation assumption of a tranche or the skew behind a premium, its true price remains 
unknown. The evidence supports this sober view: where derivatives are used with discipline 
and for defined purposes, they measurably lower risk and the cost of capital (Allayannis 

 
48 Prominent loss cases — Barings 1995, Long-Term Capital Management 1998, Amaranth 2006, Archegos 2021 
— follow the same pattern throughout: leverage plus liquidity risk plus inadequate controls, not a failure of the 
instruments themselves. 
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and Weston, 2001; Minton, Stulz, and Williamson, 2009); where leverage, opacity, and 
weak controls coincide, the loss cases arise that shape the instruments' reputation.49 

11.3  Lessons from the Great Loss Cases 

The great loss cases of derivatives history are the most expensive textbooks of the field, 
and reading them pays because the patterns repeat. Table 8 assembles five prominent 
cases. The first pattern is the confusion of hedging and speculation: at Metallgesellschaft 
(1993), a hedging programme toppled through maturity mismatch and the liquidity burden 
of daily margins — the roll losses of Section 4.4 and the margin calls of Section 6.1 in a 
single case. The second is hidden leverage with weak controls: Barings (1995) fell not 
through derivatives but through a trader who controlled both trading and settlement. The 
third is trust in model assumptions in extreme conditions: Long-Term Capital Management 
(1998) and AIG (2008) failed on correlations and liquidity spirals their models had held 
practically impossible. The fourth is concentration: Archegos (2021) bundled, through total 
return swaps at several banks, the same cluster risk invisibly.50 

 

 
 Table 8: Five loss cases and their lessons 

Case (year) Instruments Loss (approx.) Core cause 
Metallgesellschaft 
(1993) 

oil futures (rolling 
hedge) 

$ 1.3 bn maturity mismatch, liquidity burden of 
margins 

Barings (1995) index futures, options $ 1.4 bn hidden speculation, no separation of 
duties 

LTCM (1998) swaps, options, arbitrage 
positions 

$ 4.6 bn extreme leverage, correlation breakdown 
in the crisis 

AIG (2008) CDS on CDO tranches > $ 30 bn uncollateralised written protection on 
systemic risk 

Archegos (2021) total return swaps $ 10 bn hidden concentration across several 
counterparties 

Source: own compilation after Edwards and Canter (1995), Jorion (2000), and public reports. 

What is remarkable about the cases in Table 8 is what they do not show: a loss arising 
from the rule-compliant, collateralised, and purpose-bound use of the instruments. Every 
case violates at least one of the three rules of Section 11.2 — earmarking, liquidity 
provisioning, understanding. That is the sober answer to the question of how dangerous 
derivatives are: they amplify what is laid out in the organisation — discipline as much as 
its absence. 

 
49 The empirical literature on corporate use — for instance Guay and Kothari (2003) — finds mostly moderate, 
hedging-sized positions among non-financial firms. 
50 The loss figures are rounded, publicly reported orders of magnitude at the respective time; they serve for 
orientation, not for exact accounting. 
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12  Conclusion and Outlook 

The benefit of derivatives for the investor lies in a single, consequential capability: the 
separation of things that are inseparably joined in the cash market. The equity investor 
separates market participation from loss risk, the bond investor ownership from credit risk, 
the allocation manager exposure from capital commitment, the trader direction from 
fluctuation. This decomposability of risk is not a side effect but the economic substance of 
the instruments — and it explains why markets have produced the same contract forms 
again and again since Thales of Miletus, whenever trade and legal certainty permitted.51 
     Three guidelines for investment practice follow. First, hedging is a trade, not a gift: 
the protective put of the worked example buys a hard loss floor for 4.5 percentage points 
of annual return, and the CDS hedge converts open credit risk into a fixed premium — 
both are worthwhile exactly when the losses avoided weigh more heavily for the investor 
than the certain premium, and, because of the insurance premium embedded in the 
volatility skew, rarely as a permanent state. Second, leverage is more valuable as capital 
efficiency than as a return amplifier: futures make allocation management fast and cheap, 
but the daily cash settlement of margins tolerates no illusions about liquidity. Third, the 
benefit presupposes understanding: decomposing every product into forwards and options, 
knowing one's own Greeks, and holding a liquidity reserve for the worst plausible month 
are the minimum equipment — the loss cases of derivatives history are cases of violated 
discipline, not of failing instruments. 
     The limits of this paper mark the open questions at the same time. The worked 
examples rest on the Black-Scholes-Merton framework and stylised market data; 
transaction costs, taxes, jump risks, and stochastic volatility shift the magnitudes, though 
not the mechanics. Empirically, the size and time variation of the insurance premium in 
option prices remain subjects of active research, as does the question of whether the 
concentration of counterparty risk in a few central counterparties durably increases the 
stability of the system or merely relocates it. The outlook is nevertheless clear: with the 
advancing electronification of trading, the expansion of clearing, and new underlyings, the 
importance of derivatives for portfolio management will continue to grow — and with it 
the value of the sober competence this paper has sought to convey: knowing which risk one 
sheds, which one assumes, and what the exchange costs. 

 
51 This paper serves informational and educational purposes only; it does not constitute an investment 
recommendation. 



43 

References 
Allayannis, G., and J. P. Weston (2001): The Use of Foreign Currency Derivatives and Firm 

Market Value, Review of Financial Studies 14 (1), 243–276. 

Bai, J., and P. Collin-Dufresne (2019): The CDS-Bond Basis, Financial Management 48 (2), 
417–439. 

Bakshi, G., and N. Kapadia (2003): Delta-Hedged Gains and the Negative Market Volatility 
Risk Premium, Review of Financial Studies 16 (2), 527–566. 

Benmelech, E., and J. Dlugosz (2009): The Alchemy of CDO Credit Ratings, Journal of 
Monetary Economics 56 (5), 617–634. 

Black, F. (1976): The Pricing of Commodity Contracts, Journal of Financial Economics 3 (1–
2), 167–179. 

Black, F., and M. Scholes (1973): The Pricing of Options and Corporate Liabilities, Journal 
of Political Economy 81 (3), 637–654. 

Blanco, R., S. Brennan, and I. W. Marsh (2005): An Empirical Analysis of the Dynamic 
Relation between Investment-Grade Bonds and Credit Default Swaps, Journal of 
Finance 60 (5), 2255–2281. 

Brenner, M., and M. G. Subrahmanyam (1988): A Simple Formula to Compute the Implied 
Standard Deviation, Financial Analysts Journal 44 (5), 80–83. 

Brunnermeier, M. K., and L. H. Pedersen (2009): Market Liquidity and Funding Liquidity, 
Review of Financial Studies 22 (6), 2201–2238. 

Campbell, J. Y., K. Serfaty-de Medeiros, and L. M. Viceira (2010): Global Currency Hedging, 
Journal of Finance 65 (1), 87–121. 

Carr, P., and L. Wu (2009): Variance Risk Premiums, Review of Financial Studies 22 (3), 
1311–1341. 

Christensen, B. J., and N. R. Prabhala (1998): The Relation between Implied and Realized 
Volatility, Journal of Financial Economics 50 (2), 125–150. 

Cordell, L., M. R. Roberts, and M. Schwert (2023): CLO Performance, Journal of Finance 78 
(3), 1235–1278. 

Coval, J., J. Jurek, and E. Stafford (2009): The Economics of Structured Finance, Journal of 
Economic Perspectives 23 (1), 3–25. 

Cox, J. C., S. A. Ross, and M. Rubinstein (1979): Option Pricing: A Simplified Approach, 
Journal of Financial Economics 7 (3), 229–263. 

Cox, J. C., J. E. Ingersoll, and S. A. Ross (1981): The Relation between Forward Prices and 
Futures Prices, Journal of Financial Economics 9 (4), 321–346. 

Duffie, D. (1999): Credit Swap Valuation, Financial Analysts Journal 55 (1), 73–87. 

Duffie, D., and H. Zhu (2011): Does a Central Clearing Counterparty Reduce Counterparty 
Risk?, Review of Asset Pricing Studies 1 (1), 74–95. 



44 

Edwards, F. R., and M. S. Canter (1995): The Collapse of Metallgesellschaft: Unhedgeable 
Risks, Poor Hedging Strategy, or Just Bad Luck?, Journal of Futures Markets 15 (3), 
211–264. 

Entrop, O., H. Scholz, and M. Wilkens (2009): The Price-Setting Behavior of Banks: An 
Analysis of Open-End Leverage Certificates on the German Market, Journal of Banking 
and Finance 33 (5), 874–882. 

Erb, C. B., and C. R. Harvey (2006): The Strategic and Tactical Value of Commodity 
Futures, Financial Analysts Journal 62 (2), 69–97. 

Garber, P. M. (1989): Tulipmania, Journal of Political Economy 97 (3), 535–560. 

Gârleanu, N., L. H. Pedersen, and A. M. Poteshman (2009): Demand-Based Option Pricing, 
Review of Financial Studies 22 (10), 4259–4299. 

Gorton, G., and K. G. Rouwenhorst (2006): Facts and Fantasies about Commodity Futures, 
Financial Analysts Journal 62 (2), 47–68. 

Guay, W., and S. P. Kothari (2003): How Much Do Firms Hedge with Derivatives?, Journal 
of Financial Economics 70 (3), 423–461. 

Henderson, B. J., and N. D. Pearson (2011): The Dark Side of Financial Innovation: A Case 
Study of the Pricing of a Retail Financial Product, Journal of Financial Economics 100 
(2), 227–247. 

Hull, J. C. (2018): Options, Futures, and Other Derivatives, 10th edition, Pearson, New 
York. 

Hull, J. C., and A. White (2000): Valuing Credit Default Swaps I: No Counterparty Default 
Risk, Journal of Derivatives 8 (1), 29–40. 

Israelov, R., and L. N. Nielsen (2015): Still Not Cheap: Portfolio Protection in Calm 
Markets, Journal of Portfolio Management 41 (4), 108–120. 

Jiang, G. J., and Y. S. Tian (2005): The Model-Free Implied Volatility and Its Information 
Content, Review of Financial Studies 18 (4), 1305–1342. 

Jorion, P. (2000): Risk Management Lessons from Long-Term Capital Management, 
European Financial Management 6 (3), 277–300. 

Kamara, A., and T. W. Miller (1995): Daily and Intradaily Tests of European Put-Call 
Parity, Journal of Financial and Quantitative Analysis 30 (4), 519–539. 

Keynes, J. M. (1930): A Treatise on Money, Vol. 2, Macmillan, London. 

Latané, H. A., and R. J. Rendleman (1976): Standard Deviations of Stock Price Ratios 
Implied in Option Prices, Journal of Finance 31 (2), 369–381. 

Longstaff, F. A., and A. Rajan (2008): An Empirical Analysis of the Pricing of Collateralized 
Debt Obligations, Journal of Finance 63 (2), 529–563. 

Loon, Y. C., and Z. K. Zhong (2014): The Impact of Central Clearing on Counterparty Risk, 
Liquidity, and Trading: Evidence from the Credit Default Swap Market, Journal of 
Financial Economics 112 (1), 91–115. 



45 

Merton, R. C. (1973): Theory of Rational Option Pricing, Bell Journal of Economics and 
Management Science 4 (1), 141–183. 

Merton, R. C. (1974): On the Pricing of Corporate Debt: The Risk Structure of Interest 
Rates, Journal of Finance 29 (2), 449–470. 

Miller, M. H. (1986): Financial Innovation: The Last Twenty Years and the Next, Journal of 
Financial and Quantitative Analysis 21 (4), 459–471. 

Minton, B. A., R. M. Stulz, and R. Williamson (2009): How Much Do Banks Use Credit 
Derivatives to Hedge Loans?, Journal of Financial Services Research 35 (1), 1–31. 

Pan, J., and A. M. Poteshman (2006): The Information in Option Volume for Future Stock 
Prices, Review of Financial Studies 19 (3), 871–908. 

Rubinstein, M. (1994): Implied Binomial Trees, Journal of Finance 49 (3), 771–818. 

Schaede, U. (1989): Forwards and Futures in Tokugawa-Period Japan: A New Perspective on 
the Dojima Rice Market, Journal of Banking and Finance 13 (4–5), 487–513. 

Stoll, H. R. (1969): The Relationship between Put and Call Option Prices, Journal of 
Finance 24 (5), 801–824. 

Stulz, R. M. (2004): Should We Fear Derivatives?, Journal of Economic Perspectives 18 (3), 
173–192. 

Swan, E. J. (2000): Building the Global Market: A 4000 Year History of Derivatives, Kluwer 
Law International, London. 

Telser, L. G. (1981): Why There Are Organized Futures Markets, Journal of Law and 
Economics 24 (1), 1–22. 

Whaley, R. E. (2002): Return and Risk of CBOE Buy Write Monthly Index, Journal of 
Derivatives 10 (2), 35–42. 

Working, H. (1953): Futures Trading and Hedging, American Economic Review 43 (3), 314–
343. 


