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Introduction

“There is no shortcut method of risk management.”
— Nassim Nicholas Taleb, author of The Black Swan: The Impact of the Highly Improbable

Joe Cunningham, president of FX Bridge, believes that standardized exchange-style (not
exchange-traded) options are about to take on the same phenomenal growth path in retail
FX as US exchange-traded equities and futures options have, and will become the fastest
growing retail FX trading product. He says: “Retail FX has matured over the last ten
years. The space has become crowded with dealers and competitive advantage comes
down to the tightness of dealing spreads. Retail FX traders have become much more
sophisticated. Where retail traders were once content to simply trade online, they now
demand (and get) robust trade stations, lightening-fast price feeds, instantaneous
executions, slick chart packages, and algorithmic trading.”

Although potentially quite profitable, offering retail options trading poses unique risk for
the FX dealer. Options are non-linear, multi-dimensional derivatives, which can require
specialized training and powerful tools to manage risk properly.

Retail FX options traders tend to be buyers of out-of-the-money near term options. These
options pose unlimited potential with limited risk for the buyer. For the dealer, offering
FX options brings the opposite: limited return with unlimited risk.

These out-of-the-money options, however, more often than not expire worthless,
compensating the dealer for assuming and managing the risk transferred from the retail
customers. Without effective risk management systems and tools in place, the dealer
assumes far more risk than the collected premiums warrant. When the various types of
market risks are properly measured, monitored, and hedged, offering FX options to the
retail market can be a highly profitable enterprise for the FX dealer.

Sources of Market Risk

Several market factors can affect the price of an FX option and each pose a unique risk
to the FX option dealer:

Market Factor Option Pricing Risk Measurement
Underlying Spot Market Movement | Delta and Gamma

Underlying Spot Market Volatility Vega

Passage of Time Theta

Interest Rates Psi and Rho

! Frances Maguire, “e-FX Options: Providing new profit and hedging opportunities for Retail Investors,”
e-FOREX April 2008: p. 134
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Delta (A)

Delta measures how much an option’s value changes as the underlying spot price
changes. Delta ranges from o to 1 for calls and o to -1 for puts and is sometimes
expressed as a percentage (0% to 100% for calls and 0% to -100% for puts).

Example:

Consider the following market conditions for the cross rate ABC/XYZ:

Underlying Spot Market Price: 100.00
Underlying Spot Market Volatility: 15.7%

ABC (Base Currency) Interest Rate: 3.00%
XYZ (Quote Currency) Interest Rate: 3.00%

According to the option pricing formula,2 a 101 call option with 30 days to expiration
has, under these market conditions, a theoretical premium of 1.34 and a delta of 0.42
or 42%. The option price will change 42% as fast as the spot price. If the spot price
increases 0.10, the option will gain about 0.04 (to 1.38); if the spot price decreases
0.10, the option will lose about 0.04 (to 1.30).

Here is a graph of the theoretical premium of this option with a current price of 1.34:
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Fig 1: Theoretical Value of a 30-day 101 call option at 15.7% volatility.

? See the appendix and footnote 7
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Delta is the slope of the curve at current price. Here is the previous graph with a slope
line added at the current spot price of 100.00:
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Fig 2: Theoretical Value of a 30-day 101 call option at 15.7% volatility.
The slope of the dashed line is (2.14 - .48) / (102.00 — 98.00) = 0.42.

In calculus terms, delta is the 15t derivative of the option price with respect to the
underlying spot price. The formula for delta is in the appendix.

Like the option premium, the delta of an option is not constant; it changes as the spot
market changes. The slope on the curve in the graph above is steeper at higher spot
prices and flatter at lower spot prices.

Call options have a delta of approximately 0.50 when the spot market price is near the
strike price. When the spot price is above the strike price, the call option is in-the-
money and the delta is greater than 0.50. Likewise, when the spot market is below the
strike price, the delta of a call option is less than 0.50 as in the example.

For call options, the delta will approach 1.0 as the spot market continues higher; the
option will then experience gains and losses as if it were a spot position.

The call option delta will approach zero as the spot market moves lower. The option
will have lost most of its premium and will no longer gain or lose much value for small
changes in the spot price.
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Here is a graph of the delta of this option. Note that at the current spot price of 100,
the delta is equal to 0.42 and as the market rises to the strike price of 101, the delta is
equal to approximately 0.50.
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Fig. 3: Theoretical Delta of a 30-day 101 call option at 15.7% volatility.

For spot prices below the strike price, the delta is generally less than 0.50 and for spot
prices above the strike price, the delta is generally greater than 0.50.3

Delta as Hedge Ratio

Delta is often referred to as the “hedge ratio” as it reflects the number of the
underlying asset necessary to create a riskless position at the current price. In the
previous example, the 101 call option has a delta of 0.42, so it follows that a position
composed of 100 of those calls would have a total delta of 42. For small changes in the
spot market those 100 calls would gain and lose money at the same rate as a position
composed of 42 similar units of the spot market.

Delta is not a constant, however, so as the spot market moves and as time passes, the
delta will change in value. This can cause a position of 100 calls hedged by 100 units of
the underlying to become unhedged.

3 Under certain interest rate scenarios, it is possible for slightly out-of-the-money FX calls to have a delta
greater than 0.50. Similarly, under certain conditions, in-the-money calls can have a delta less than 0.50.
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Gamma (I')

Gamma measures how much an option’s delta changes as the underlying spot price
changes. It is sometimes referred to as the option’s curvature or “the delta of the
delta”. Gamma is expressed in deltas per unit of the underlying spot market.

From the previous example, a 101 30-day call option at 15.7% volatility has a premium
of 1.34 and a delta of 0.42. Its gamma is equal to 0.087. This means that the delta will
change at a rate of 0.087 per point in the underlying spot market.

More specifically, if the underlying spot market moves lower to 99, the option’s delta
will decrease 0.087 to 0.333 and if the underlying spot market moves higher to 101, the
delta will increase 0.087 to 0.507. (Note that in the previous section it was shown that
delta is close to 0.50 when the underlying spot market price is equal to the option’s
strike price.)

It was also shown in the previous section that delta is the slope of the option premium
curve at the current spot price. Gamma can be thought of as the rate that the slope
changes as the current spot price changes.
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Fig. 4: Theoretical Delta of a 30-day 101 call option at 15.7% volatility.

At the current spot market price, the gamma = (0.507 - 0.333) / (101 — 99) = 0.087.
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Gamma will be greatest when the spot market and the strike price are equal; it will
decrease as the option becomes very in-the-money or out-of-the-money. In calculus
terms, gamma is the 2nd derivative of the option price with respect to the underlying
spot price. The formula for gamma is in the appendix.

Like delta, gamma is not a constant either; it also changes as the underlying spot
market changes and as time passes. Delta risk can easily be hedged by purchasing
and/or selling quantities of the underlying market. A perfectly hedged position
(“delta-neutral”) is not risk-free, however, since changes in the spot price can cause
changes in the options’ deltas. Gamma provides information on how quickly this will
occur. Gamma risk cannot be hedged with positions in the underlying market; it can
only be offset with other option positions.

Theta (®)

Under most market conditions, if the spot market does not change in price, both put
and call options will lose value over time.4 For this reason, options are often called
“wasting assets.” This loss of value over time if also referred to as “time decay.”

Theta measures how much an option’s price will change over time; it is an indication of
time decay — usually scaled to reflect the passage of one day or one week. Volatility
levels, moneyness (amount in- or out-of-the-money), days to expiration, and interest
rates can all influence how time decay affects an option’s price.

Theta is usually not linear with time, i.e. a 60-day option will not lose 1/60t of its
value every day. Sometimes time decay is faster than that; sometimes it is slower. For
this reason, theta risk, like gamma risk, cannot be hedged with positions in the
underlying spot market; it can only be controlled with other option positions.

Vega (V)

Vega measures how an option’s value changes as market volatility changes. All options
gain value as volatility increases. Like gamma and theta, vega risk cannot be
controlled by trading spot market positions; it can only be offset by using other options.

Psi (¥) and Rho (P)

Psi and Rho measure how an option’s value changes as the interest rates for the base
currency and the quote currency change. Although not to be ignored, changes in
interest rates typically do not pose as great a risk to option dealers as delta, gamma,
theta, and vega risk.

* Under certain interest rate scenarios, deep in-the-money options can gain value over time.
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Risk Management for the Dealer

The FX option dealer needs to monitor risk constantly since the inventory of retail
options is ever changing. Various types of market events require action:

- Sudden new positions and liquidations may require immediate action if they are
large relative to the entire inventory of options (book).

- Alarge gamma risk maybe require a delta-hedge for a relatively small movements
in the underlying spot market

- The time decay profile of certain options close to expiration may require initiating
option positions before a long weekend.

The dealer needs to be able to accurately measure these risks and perform analyses for
a variety of potential market scenarios.

Dealer Scenario

Consider the following retail order:

Date:
Create Order - GBP/USD E] Current21 thfril 2008

Account = | 10001221 - ..

. |1DD J | J May Expiration:

Commission

Cverride u 16 May 2008

—Product ————— —Cash—— —Option Strike Price:
|GE=F‘ILISD - ’7 - o Call (™ Put 2.0000

— Size Month  [jay 2008 ~ Current GBP/USD spot:
fo = €1 10 C 100 Swike poooo =] 1.9822

—Type Contract Size:

|MARKET  =| | | e [ = GBP 100,000

Contracts:
C|E¢SE 10
Sell @ 0162 Buy @ 0168 window
Commission: .00 Commission: .00 Premium collected:
USD 16,800

Fig. 5: Account 100-10001221 buys 10 May 2008 2.0000 calls @.0168.

The bid/ask on the 2.0000 May call is .0152/.0168. The retail account has purchased
10 calls from the dealer. The dealer is now short 10 calls and has a bearish position.

The offsetting price for the option is .0152, and the dealer has booked USD 1350 in
profit (accounting for marked-to-market valuation).

The dealer could immediately buy another May 2.0000 call at a better price from
another dealer to hedge and lock in profit. If that is not possible, however, the dealer
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must manage the risk of the retail position by taking other offsetting trades. These
trades may be spot, futures, or options transactions.

Here is an analysis of the dealer position in the FX Bridge Risk Manager:

B Pro Risk Manager 1.20.3 M=
Symbol [GBPIUSD v| E| test| 19822 Refresh ‘ Calculate ] Language |English -
Positions | Risk Table I Risk Graphi (¢ Dealer { Customer
s212008 | vol+:| 000 = I Last
Symbol |Mon1n| B/S |Type | Strike| Qty Filed| Offset Defta| Gamma| S5Theta| $Vega| SPremium| Sintrinsic SPIL
1| Total 10 -3.89| -B4.37 453| -1,897| -15200 0 1,350
GBRUSD May BUY CALL 20000 10 .0168 .0152b 39 644 45 200 -15200 0 1,350

Fig 6.: FX Bridge Risk Manager Positions

Each May 2.0000 call has a delta of 0.39, so the total delta — from the dealer’s
perspective — is -3.89. (The delta of the option is more accurately equal to 0.389).
This option position will gain and lose value for the dealer as if it were a short spot
cash position of 3.89 contracts of GBP 100,000 each. A 0.01 move lower in GBP/USD
will net the dealer approximately USD 3.89%0.01%*100,000 = USD 3,890.

The total gamma risk for the dealer is -64.37, meaning that the delta will change at a
rate of 64 deltas per USD, or .6437 deltas per USD 0.01. Gamma for this short option
position is negative, so the change in delta will behave in the opposite direction as the
spot price movement. A 0.01 move lower in GBP/USD will make the position less
bearish and move the total delta higher to approximately -3.89 + 0.64 = -3.34.

Here is the Risk Table in the FX Bridge Risk Manager for this position:

Posions  Risk Table | Risk Graph | (¢ Dealer (" Customer
212008 v | vol+-[ 000 =] [ Last |ale | |a x| [aLLTrages w| [10001221 |
Underlying Delta| Gﬂl‘l‘ll‘l‘lﬂl SThetﬂl 5Vegﬂ| SH’emium| Slntrinsicl SPrqu-'Lussl Slne Prem| Slne Pa'L| SDelta
1.9350 160 3347 306 1,238 4,300 0 11,750 0 0 0
1.9400 178 4141 326 1,330 5500 0 11,050 700 700 0
1.9450 198 4439 345 1421 6,300 0 10,250 300 300 0
1.9500 219 4738 364 1,512 7200 0 8,350 800 800 0
1.9550 241 5038 382 150 8,200 0 2,350 1,000 1,000 0
1.9500 285 5378 399 1887 9,200 0 7,350 1,000 1,000 0
1.9650 2,90 56.08 415 1,768 10,400 0 5,150 1,200 1,200 0
1.9700 a7 5875 429 1,845 11,500 0 4,950 1,200 1,200 0
1.9750 -3.45 5123 440 -1,913 13,000 0 3,550 1,400 1,400 0
1.9500 -3.75 63.47 450 1,973 14,500 0 2,050 1,500 -1,500 0
1.9850 -4.06 65,42 456 -2,023 16,100 0 450 1,600 1,600 0
1.9900 -4.38 £7.03 460 2,061 17,900 0 -1,350 1,800 1,800 0
1.9950 472 5823 460 2,086 19,800 0 -3,250 1,900 1,900 0
2.0000 5.06 69.00 457 2,007 21,500 0 5,350 2,100 2,100 0
2.0050 -5.40 6773 461 2,082 24,500 5,000 8,350 -3,000 -3,000 0
2.0100 573 66.05 462 2,072 -28,000 -10,000 11,450 3,100 3,100 0
2.0150 £.05 £4.02 460 2,039 31,300 -15,000 14,750 3,300 3,300 0
2.0200 £35 6171 454 1,985 34700 20,000 18,150 -3,400 -3,400 0
2.0250 664 59.16 446 1,941 238,300 25,000 21,750 3,500 3,600 0
2.0300 £.91 56.44 436 1,878 41,500 -30,000 -25,350 3,500 3,600 0

Fig 7.: FX Bridge Risk Manager Risk Table
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Here is the Profit/Loss Graph in the FX Bridge Risk Manager:
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Fig. 8: FX Bridge Risk Manager Profit/Loss Graph

Since this is a bearish position for the dealer, the profits increase as the market falls;
losses occur as the market increases. There is a limited profit potential (the option
premiums collected), but unlimited risk if the spot market goes higher.

Notice that losses occur faster at higher spot price levels than profits do at lower spot
price levels. This is because gamma for short options will “increase” (get more
negative) as the spot price approaches their strike price. Gamma risk will be highest —
delta will the most “unstable” — for this position when the spot price moves to 2.0000.

Here is the Gamma Risk Graph in the FX Bridge Risk Manger showing this:
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Fig. 9: FX Bridge Risk Manager Gamma Graph
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The dealer’s short option position earns time decay, so theta risk is not a major
concern under current market conditions. The Theta Graph in the FX Bridge Risk
Manager shows that the current theta of USD 453 does not change a great deal over a
0.10 range (1.93, 2.03) in the spot price:
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Fig. 10: FX Bridge Risk Manager Theta Graph

All short options positions are also “short volatility”; they suffer when the volatility of
the underlying spot market increases and profit when the underlying is quiet. As with
most positions composed of options of the same contract month, vega risk mimics
gamma risk and the respective graphs (Figures 9 and 11) are similar in shape.

Here is the Vega Risk Graph in the FX Bridge Risk Manager:
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Fig. 11: FX Bridge Risk Manager Vega Graph
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As mentioned above, hedging delta-risk is straightforward; a position in the underlying
spot market will alleviate all immediate losses (and profits) due to movement in the
underlying spot market.

For the dealer’s position of short options with a delta of -3.89, a long spot position of 4

contracts will bring the total delta to +0.11. This can be analyzed by adding a

simulated customer trade of -4 contracts of spot (4 short contracts from another
customer is equivalent to the dealer buying 4 contracts elsewhere):

Positions ] Risk Table | Risk Graph |

= |

(* Dealer { Customer

41212008 v || Vol+-| 0.00 = [ Last |aLL =| [aLLTrages x| [ALL Customers |
Symbal r.1unth| BIS |Ty|:|e | Strike| Qty Filed| Offzet Detta| Gamma| S$Theta| S$Wega| SPremium| Sintrinsic SPIL
1| Total 10 -3.88| 6437|453 1897 -15200 o| 1,350
GBPIUSD May BUY CALL 20000 10 0168 .0152b 39 644 45 200 -15200 0 1,350

_..__.-—'_'_'_'—-—._‘_-L

Symbol |Month | B/S |Type | stike| oty| Filed| Offset| ~Deta| Gamma| STneta| Svega[SPremium| Sintrinsic SPIL| «
1| Combined Total 14 N 1| s437|  4s3] 7l 5200 o| 1,310
Total Simulated 4 ) —— 0 40
GBP/USD SELL CASH 4 19824 18823a  1.00 -40

Fig. 12: FX Bridge Risk Manager Positions — Hedged with Cash Position

The total delta is now only 0.11, but gamma, theta, and vega risk remained unchanged.

Here is the Delta Graph in the FX Bridge Risk Manager for the delta-hedged position:
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Fig. 13: FX Bridge Risk Manager Delta Graph — Hedged with Cash Position

The delta graph for the hedged position shows the adjusted delta close to zero at the
current spot price. This has the effect of “shifting” the entire delta graph down 4 deltas;
the shape has not changed because the gamma has not changed.

As noted above, the delta gains less to the downside than it loses to the upside for the
same move in the underlying spot market.
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Here is the Profit/Loss Graph in the FX Bridge Risk Manager for the hedged position:
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Fig. 14: FX Bridge Risk Manager Profit/Loss Graph — Hedged with Cash Position

The profit and loss graph for a hedged position shows that the spot position has
“locked in” the profit associated with the bid/ask on the option trades, but only at the
current spot price. The total position is still slightly bullish with a total delta of 0.11,
so the position can profit a small amount with a move higher in the underlying marker.

For a significant move higher, however, the position can “go over the top” and start
losing money. Similarly, a significant move to the downside will result in losses,
because the profits and time decay earned on the short options will not be large
enough to offset the losses in the hedge (cash) positions. This is because gamma risk
remains high. The only way to alleviate gamma risk is to buy options.

Here, additional simulated trades have been added to analyze the effects of the dealer
buying four 2.0200 May calls and four 1.9500 May puts. (As before, simulated
customer trades act like dealer hedge trades):

Positions ] Risk Table | Risk Graph | {+ Dealer (" Customer
4212008 w) vol+-[ 000 =4 [ Last |ALL v| |ALL Trades | |ALL Customers  ~|
Symbol |Month | B3 |Type | sStrike| oty| Filed| Offset| Deta| Gamma| STheta| Swega| SPremium| Sintrinsic SPIL
1| Total 10 388 6437|453 1897 -15200 o] 1,350
GBRIUSD May BUY CALL 20000 10 0168 .0152b 39 644 45 200 -15200 0 1,350

_-r"‘---_---i-_
Symbol |Month | BiS |Type | Strike| oty| Filed| Offset| Deta| Gamma| STheta| Svegdf\SPremium| Sintrinsic SPIL| -
1] combined Total 22 N\o0s| 2024  1z21]  =s2l) 5980 o| 1,150
Total Simulated 12 398 —de——eal—THis| 9240 0 -200
B EE: SELL CASH 4 19824 19823a  1.00 -40
_ |GBPUSD mMay SELL CALL 20200 4 0112 .0110a 28 542 41 175 4,400 0 -80
GBPUSD May SELL PUT  1.9500 4 0123 .0121a  -29 561  -42 179 4,340 0 -80

Fig. 15: FX Bridge Risk Manager Positions — Hedged with Cash and Options Position

The delta has been slightly adjusted lower, but gamma and vega risk have been
partially hedged at a cost to the time decay earned (theta is lower).
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Here is the Delta Graph in the FX Bridge Risk Manager for the new hedged position:
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Fig. 16: FX Bridge Risk Manager Delta — Hedged with Cash and Options Position

Figures 13 and 16 have somewhat similar shapes, but vastly different scales. At a spot
price of 1.94, the cash-only hedge has more than 2.00 deltas; hedged with cash and
options, the same delta is only slightly more than 0.40. Similarly, to the upside, the
delta at 2.02 for the cash-only hedge is three times that with the cash/options hedge.

Here is the Profit/Loss in the FX Bridge Risk Manager for the new hedged position:
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(" STheta | |
" SWega 1,300 T | |
" SPremium 51,000 + |
(" Sintrinsic soon A : | |
(¢« SProfitlLoss | | |
5 E T T T T 1
5500 4 I I
-51,000 —+ |
-81,500 + | |
-s2,000 + | |
-§2,500 ik | : : : | — |
182 1.94 1.96 1.88 2.00 202 2.04

Fig. 17: FX Bridge Risk Manager Profit/Loss — Hedged with Cash and Options Position

Figures 14 and 17 also have somewhat similar shapes but different scales. At a spot
price of 1.94, the cash-only hedge has a loss of USD 6,000; adding the options hedge
trades drops this loss to less than USD 2,000. At 2.02, losses are lower by more than
two-thirds.
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Hedging Complex Dealer Inventories

The option position in the previous example could have been easily hedged by taking
the opposite position (buying the same calls) at a better price from a different
counterparty. For complex or dynamically changing dealer inventories (books), this
can be an expensive and time-consuming process. Using direct hedging also requires
that the same transactions must be available and liquid from other counterparties.

The risk analysis methods outlined in the previous example can be used equally
effectively for more complex options positions. Consider the following customer
position composed of several trades of puts and calls of various sizes and strikes:

Positions lRiskTﬂble | Risk Graph | {+ Dealer (" Customer
4212008 v vol+| 0.00 =4 [ Last |ALL v| |ALL Trades | |10001221 |
Symbel |Month | BIS |Type | strike| oty| Filed| Offset| Deta| Gamma| STheta| Swega| SPremium| Sintrinsic SPIL
8| Total 183 51| 1s482| 1163] -4952] 21,700 o| 18385
GBRUSD BUY CASH 3 1.9830 18828b  1.00 15
" |eBPUSD Way BUY PUT 18400 20 0085 .0084b  -24 486 38 161 -16,00 0 1,700
_ |eBPUSD Way SELL PUT 18500 10 0108 .0118a  -29 557 42 178 11,800 0 1,000
_ |eBPUSD Way BUY PUT 18600 10 0150 .0134b  -34 612 44 192 -13400 0 1,350
"~ |eBPUSD Way BUY CALL 20150 30 123 .012b 31 574 43 183 33600 0 2,550
_ |eBPUSD May SELL CALL 20200 70 0089 .0111a 28 546 41 176 77,700 0 8400
"~ |eBPUSD Way BUY CALL 20300 40 0088 .0080b 23 489 38 160 -32,000 0 2200
"~ |eBPWSD Way BUY CALL 20000 10 (M6 .0154b 39 647 45 200 -15400 0 1,150

Fig. 18: FX Bridge Risk Manager Positions — Complex

By looking at a list of these trades alone, it would be difficult to know if the collection
of options and cash amounted to a bullish or bearish position. It is, in fact, essentially
neither: the total delta is -0.51 for the entire inventory of 193 instruments.

Here is the Profit/Loss Graph in the FX Bridge Risk Manager for this complex position:

Positions | Risk Table  Risk Graph ] f* Dealer { Customer
= |
4212008 = | Vol =~ | 0.00 =5 [ Last |AlL ~||ALL w| |ALLTrades | |t0001221 |
.
Detta 520,000 T : | ,
(" Gamma |
" STheta
-
Svega 515,000 +
" SPremium
(" Sintrinzic
(¢ SProfit/Loss
510,000 +
ss,000 |
5 .
182 1.84 1.86 1.88 2.00 202 204

Fig. 19: FX Bridge Risk Manager Profit/Loss — Complex
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Gamma risk for this dealer position is negative, meaning that, as in the previous
example, the profit and loss curve will usually turn down as the market moves away
from the current price. Theta is again positive, meaning that the position will earn
time decay, and the position has a negative vega, meaning it will suffer losses at higher
levels of volatility.

The profit/loss curve seems to be a little “lumpy”. This is often the case when there are
both long and short options of various sizes at different strike prices.

The curve is also rather “flat” between the two dashed vertical lines (about 1.955 and
2.050).5 This is because the long option positions are offsetting some of the short
options. There are in total, however, more short than long options. This produces the
negative total gamma, and the curve will eventually turn lower at outside prices.

As in the previous example, the greatest risk to this position is a large movement in the
underlying spot market in either direction. The sizable negative gamma will create
increasing deltas and the cash balance will suffer. Also like the previous example, an
effective hedge would be to buy both puts and calls. In order to “lock in” the profit
seen from the bid/ask, the best strikes to buy would be at (or slightly further away
from) the spot prices where the profit/loss graph starts to “turn down”.

Here is the FX Risk Bridge Manager Position list with 1.95 puts and 2.01 calls added:

Positions ] Risk Table | Risk Graph | (+ Dealer (" Customer
412112008 v | vol+-[ 000 =] [ Last |ALL =| [alLTrades | [10001221 |
Symbol |Month | B/S |Type | Strike| aty| Filed| Offset| Detta| Gamma| STheta| Svega| SPremium| Sintrinsic SPIL
8| Total 193 _51| 15482 1,183) -a8sz| -21700 o| 18388
GBPUSD BUY CASH 3 1.9830 1.8828b  1.00 15
" |GBPWSD May BUY PUT  1.8400 20 .0085 .0084b  -24 496 38 181 -16,300 0 1,700
" |eoPwsD may SELL PUT 18500 10 0108 01133 -29 557 42 178 11,800 0 1,000
__ |GBPUSD may BUY PUT 13600 10 .0150 .0134b  -34 612 44 192 -13,400 0 1,350
__|eBPUSD May BUY cALL 20150 30 .0123 .0112b 31 574 43 183 -33,600 0 2,550
| GBPWUSD May SELL cALL z0200 70 .0088 .0111a 28 548 41 176 TT.I00 0 8,400

GBPASD May BUY CALL 20300 40 0088 .0080b 23 489 38 160 -32,000 0 2,200

" |GBRWSD May BUY CALL 20000 10 .0168 .0154b 39 647 45 200 -15.400 0 1,150
Symbal l.1unth| BIS |Ty|:|e | Strike| Qty Filed| Offzet Detta| Gamma| S$Theta| S$Wega| SPremium| Sintrinsic SPIL| -

1| Combined Total 213 04| -3zsm 38| 1277 3,900 0| 17385

Total Simulated 20 46| 11573|  8ss| 367s|  2s5Em0 0| -1.000

| GBPWUSD May SELL PUT  1.8500 10 .0123 .0118a N 42 178 11,800 0 -500

GBPAISD May SELL CALL 20100 10 .0143 .0138a 33 &n 44 190 13,800 0 -500

Fig. 20: FX Bridge Risk Manager Positions — Complex with Option Hedge Trades

The addition of the options trades has brought the total delta to -0.04. This is a “by-
product”; the goal was to address gamma risk. If, after adding the selected options,
delta was still too large, it could easily be hedged with a cash trade. Total gamma has
dropped from -155 to -39 and total vega has dropped from -4952 to -1277. This comes
at an expense of USD 855 (per day) in theta. If the dealer’s preference were to assume
more theta risk, then one would add a smaller number of options (both puts and calls).

> The solid lines on either side of the thick center line represent the expected move for the underlying spot
market based on the at-the-money volatility; the dashed and dotted lines further out are 2 and 3 one-day
volatility (standard deviation) spot movements.
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Here is the Profit/Loss in the FX Bridge Risk Manager for this hedged position:

Positions | RiskTable  Risk Graph ] (+ Dealer (" Customer
41212008 v || vol+-[ 000 = [ Last |alL | AL x| [aLLTrades ¥ [10001221 |
(" Delta 525 000 - . I I
" Gamma : | | i
(" STheta |
" SWega 520,000 T . | /_lbv“

(™ SPremium /\/r\___,.._’_,——‘/ |
"~ Sintrinsic 15,000 + i | |
(¥ ZProfi/loss E | |
510,000 | | |
| |
| |
22,000 4 | |
| |
5 T | T T T | T 1
192 1.94 196 198 2.00 202 204

Fig. 17: FX Bridge Risk Manager Profit/Loss — Complex with Option Hedge Trades

This position is now well hedged with respect to the underlying spot market in the
range of about 1.93 to 2.03. This, of course, can change due to the complexity of this
position and the multi-dimensionality of option instruments. The profit/loss curve
may “turn” up or down at extreme movements in the underlying spot market. The
potential profit/loss could also change over time or if volatility changes.

Although the net delta for the total hedged position is very close to zero, the graph
suggests that profits will slightly increase as the underlying spot market increases.
This phenomenon is sometimes referred to as “phantom delta” and is caused by the
higher order option pricing derivatives and cross derivatives.

There can also be “phantom” risk measures for gamma, theta, and vega, especially
close to option expiration. This is why it is vital that risk management practices
include, on a regular basis, the analysis of many, varied market scenarios. This
methodology is the foundation for Value-at-Risk procedures and some margining
methods such as SPAN.®

Using the proper tools to constantly monitor and analyze the complete option
inventory is an integral part of any successful FX option dealing operation.

% See http://www.cmegroup.com/clearing/risk-management/span.html
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Appendix

The Garman-Kohlhagen” option pricing model was developed by Mark B. Garman and

Steven W. Kohlhagen in 1983 for pricing options on foreign exchange. It is an
extension of the Black-Scholes® option pricing formula.

Call Premium= Ue“ ®(d,)- Ee" ©(d,)
Put Premium=- e ®(-4,)+ Ee" P(-d,)

n (Ue(r-d)zj . ot " (Ue(r-d)zj ) =y
E E 2
where (4, = d: =

ot v ot

U = underlying stock price
e = base of the natural logarithm
d = implied continuous dividend payout rate
¢t = time until expiration of the option
E = exercise price of the option
o = volatility of the stock price

In = the natural logarithm

Call Delta = ®(4,)
Put Delta = -®(-4,)
Gamma = ¢(d,) / (Ue" ot )
Call Theta = Ue" od(d,) / (2Nt) + rEe" ®(d>)
Put Theta = U™ od(d,) / (2Nt) - rE"®(-d>)
Vega = U™ tg(d,)

where ®(x)=cumulative normal density function= [, ! ¢ dy
V3

] _x2/2

#(x)=®'(x)= normal density function = e

]

" Garman, Mark B. and Kohlhagen, Steven W., “Foreign Currency Option Values”, Journal of International
Money and Finance, Vol. 2, No. 3, December 1983, pages 231-237.

¥ Black, Fischer and Scholes, Myron, “The Pricing of Options and Corporate Liabilities”, Journal of Political
Economy, Vol. 81, No.3, May/June 1973, pages 637-654.
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Notes
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