
 

 

 

 

 

DERIVATIVE PRICING 

A TECHNICAL GUIDE, PART II 



 

 

Table of Contents 

 

List of Abbreviations ........................................................................................................... 4 

Section 1 Introduction ................................................................................................... 5 

Section 2 Hedging .......................................................................................................... 6 

2.1 Hedging objectives ............................................................................................... 6 

2.2 Option Greeks ...................................................................................................... 7 

2.3 Delta hedging ....................................................................................................... 8 

2.4 Hedging FX risk .................................................................................................... 8 

2.5 Hedging bond default risk .................................................................................... 8 

2.6 Accounting considerations ................................................................................... 8 

2.7 Examples of hedging strategies ........................................................................... 8 
2.7.1 Covered call .......................................................................................................... 8 
2.7.2 Married put ............................................................................................................ 8 
2.7.3 Protective collar ..................................................................................................... 8 
2.7.4 Bull call spread ...................................................................................................... 9 
2.7.5 Bear put spread ..................................................................................................... 9 
2.7.6 Long straddle ....................................................................................................... 10 
2.7.7 Long strangle ....................................................................................................... 10 
2.7.8 Risk reversal (RR) strategy ................................................................................. 10 
2.7.9 Butterfly (BF) spread strategy .............................................................................. 10 

2.8 Comparing derivatives and insurance contracts ................................................ 11 

Section 3 Summary ...................................................................................................... 12 

Appendix A Bloomberg Tools ......................................................................................... 13 

A.1 OVML tool .......................................................................................................... 13 
A.1.1 Commodity price options ..................................................................................... 13 
A.1.2 FX options ........................................................................................................... 14 

A.2 OVME tool for stock price options ...................................................................... 16 

A.3 OVCV tool .......................................................................................................... 16 

A.4 OAS1 tool ........................................................................................................... 19 

A.5 Implied volatility .................................................................................................. 23 

A.6 SDRV tool ........................................................................................................... 25 

Appendix B Implementation of Lease Residual Value Risk Model ............................... 27 

B.1 Modelling background ........................................................................................ 27 

B.2 Data .................................................................................................................... 27 
B.2.1 Data request ........................................................................................................ 27 
B.2.2 Lease insurance contract .................................................................................... 28 
B.2.3 Data review and transformation ........................................................................... 29 



 

 

B.3 Modelling approaches ........................................................................................ 30 

B.4 Estimation of model parameters ........................................................................ 30 
B.4.1 Approach ............................................................................................................. 30 
B.4.2 Implementation .................................................................................................... 31 

B.5 Residual risk valuation for individual contracts .................................................. 33 
B.5.1 CDS approach ..................................................................................................... 33 
B.5.2 Black-Scholes approach ...................................................................................... 35 
B.5.3 Mixed CDS / Black-Scholes approach ................................................................. 37 
B.5.4 Summary of the residual risk valuation modelling ............................................... 37 

B.6 Residual risk valuation for a portfolio of contracts ............................................. 39 

Appendix C ac.finance.* option pricing tools ................................................................ 40 

C.1 ac.finance.BSM .................................................................................................. 40 

C.2 ac.finance.APM .................................................................................................. 40 

C.3 Overview ............................................................................................................ 40 

C.4 Model inputs ....................................................................................................... 41 

Appendix D Derivative Markets Overview ...................................................................... 42 

D.1 Risk transfer process ......................................................................................... 42 

D.2 Early termination of hedging contracts ............................................................... 43 

Appendix E Examples ..................................................................................................... 45 

E.1 Deal contingent FX hedging ............................................................................... 45 
E.1.1 FX hedging timing................................................................................................ 45 
E.1.2 FX hedging strategy design ................................................................................. 45 
E.1.3 Valuation of a DC forward ................................................................................... 47 

E.2 Book value hedging ............................................................................................ 48 

Appendix F Technical Comments .................................................................................. 49 

Appendix G References ................................................................................................... 50 

G.1 Lease valuation and hedging ............................................................................. 50 

G.2 Derivative pricing ................................................................................................ 50 

 



 

Konstantin Rybakov                                                   Derivative Pricing                                               Page 4 of 50  

List of Abbreviations 

 

The following abbreviations and symbols are used in this guide: 

 

AAF Annuity adjustment factor 

ac.APM The option pricing tool described in these notes 

ac.SRM The interest rate derivative pricing tool  

APM Asset price model 

ATM 
At-the-money, the situation when the price of the underlying security equals the 

strike price 

ATMF 
At-the-money forward option, the situation when the price of the underlying 

security equals the option strike price on the forward market 

bps Basis point (same as pip, equal 1/100th of 1%) 

BS Black-Scholes 

BSM Black-Scholes-Merton 

BV Book Value 

CCY Currency 

CDS Credit default swap 

DC Deal contingent 

DTCC Depository Trust And Clearing Corporation 

ES Expected shortfall 

FMV Fair market value 

FV Forward value 

FXIP FX Information Portal Bloomberg function 

G/L Gain and loss 

M&A Merger and acquisition 

MTM Marked-to-market 

OCI Other comprehensive income 

OECD Guidelines 
“BEPS Actions 8 – 10, Financial Transactions”, a draft published in July – 

September 2018 for the purposes of public discussion 

OV Bloomberg option valuation tool 

P&L Profit and loss 

Pip Percentage in point (same as bps, equal 1/100th of 1%) 

PP Purchase Price 

PPE Purchase price equation 

SRM Short rate model of interest rates 

VaR Value-at-risk 
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Section 1 Introduction 
  

  

…. 

 

 

 



 

Konstantin Rybakov                                                   Derivative Pricing                                               Page 6 of 50  

Section 2 Hedging 
  

  

The derivative prices are derived assuming market completeness by replicating the derivative instrument 

payoff structure. A derivative instrument is often used to hedge the risks of the underlying securities. 

Alternatively, underlying securities can be added to a derivative instrument to offset movements in the 

derivative price movement. 

2.1 Hedging objectives 

The first step in the design and implementation of a hedging strategy is to determine the objective of 

hedging. The objective is typically set as risk minimization. Therefore, the first step is to define and measure 

risk exposure. 

One standard measure of risk that is traditionally applied in financial industry is value-at-risk (VaR) measure. 

VaR can be selected at different levels (e.g. at one or two standard deviations or at ‘worst loss’ level, where 

the VaR levels are estimated based on historical data). Formally, VaR metrics does not satisfy the definition 

of risk measure (see [8]). A general risk measure is modelled using spectral risk measure, which is defined 

as 

(2.1)  𝑀(𝑋) = − ∫ 𝜃(𝑝)𝐹𝑋
−1(𝑝)𝑑𝑝

1

0

 

where 𝐹𝑋
−1(𝑝) is the inverse of cumulative distribution function of factor 𝑋 and 𝜃(𝑝) is the spectral function 

which assigns weights to different outcomes of 𝑋. The metrics satisfies the definition of risk if function 𝜃(𝑝) 

satisfies the following properties:1 

1. Function 𝜃(𝑝) is non-negative: 𝜃(𝑝) ≥ 0; 

2. Function 𝜃(𝑝) is normalized to one: ∫ 𝜃(𝑝)𝑑𝑝
1

0
= 1 

3. Function 𝜃(𝑝) is non-increasing: 𝜃(𝑝) ↓𝑝 

Note that VaR metrics does not satisfy property 3 from the above list. The modification of VaR metrics 

which satisfies the above properties is the expected shortfall (ES) metrics. The spectral function 𝜃(𝑝) for 

VaR and ES is described below: 

(2.2)  {
𝑉𝑎𝑅: 𝜃(𝑝 = 𝛼) = 1

𝐸𝑆: 𝜃(𝑝 ≤ 𝛼) =
1

𝛼

 

where 𝛼 is the threshold probability value. The weights assigned to all other scenarios are equal to zero. 

Effectively, VaR metrics assigns full weight to the scenario which corresponds to the threshold value 𝛼, 

while the ES metrics assigns equal weights to all 𝑚 scenarios which correspond to the threshold value 𝛼 

or below. 

                                                      

1 https://en.wikipedia.org/wiki/Spectral_risk_measure. 
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2.2 Option Greeks 

Greeks measure option sensitivity to different parameters. Greeks are typically applied for the following 

purposes: 

1. Assess exposure to model parameters (such as underlying asset price, price volatility, time, risk-

free rate, etc.); 

2. Greeks are used as a convenient metrics to standardize market terminology such as bid/ask spread 

(measured in terms of volatility spreads) or difference between spot and strike price (measured in 

terms of option delta). 

Exhibit below summarizes option Greeks. 

Exhibit 2.1 Summary of option Greeks 

Greek name Option parameter Hedging strategy 

Delta (𝛿), Gamma (Γ) Spot price 
Option exposure to asset price can be covered by the 
purchase of the underlying asset 

Vega (𝜈) Volatility  

Rho Discount (risk-free) rate  
Exposure to interest rate can be hedged by purchase 
of interest rate futures 

Theta Remaining maturity term  

The Greeks are illustrated selectively in the exhibits below. 

Exhibit 2.2 Delta and Vega Greeks illustrated for a FX call option (GBP/CAD) 

Delta for out-of money options Call price as a function of volatility 

  

Exhibit above show that delta for the ATM option equals 0.5. The bid/ask spreads for out-of-money options 

are typically quoted in terms of delta: e.g. 25D refers to the option with difference between strike and spot 

corresponding to 𝛿 = 0.25 (the lower is delta, the deeper is the option out-of-money). A standard practice 

in financial industry is to describe out-of-money options in terms of delta (see examples in Appendix A.5).  

The right panel of the exhibit above illustrates that 𝜈 is approximately constant for the option (in the example, 𝜈 =

33.69%). A standard practice in financial industry is to quote premium spreads on options in terms of volatility spreads 
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(see examples in Appendix A.5). For example, a 1% vol premium on a call option is estimated as follows: (i) get the 

mid-market option price;  (i) apply BSM equation to estimate the implied volatility that corresponds to the mid-market 

price; (iii) add a 1% premium to the implied volatility and recalculate the option price using BSM equations. In the 

example above, the call price equals 2.6% of the notional amount. A 1% vol premium corresponds to 0.34% premium 

on call option price. 

2.3 Delta hedging 

 

2.4 Hedging FX risk 

Net exposure. 

2.5 Hedging bond default risk 

 

2.6 Accounting considerations 

 

Fair value hedge. 

Cash flow hedge. 

Hedging a portion of risk component. 

 

2.7 Examples of hedging strategies 

A list of some frequently used hedging strategies is presented below.2 

2.7.1 Covered call 

 

2.7.2 Married put 

 

2.7.3 Protective collar 

A collar strategy that is constructed by (i) holding shares of the underlying stock, (ii) buying a put option to 

protect against the downside risk; and (iii) sell call option to reduce the hedging price by limiting the upside 

gain. The exposure in the collar strategy is illustrated in the diagram below. 

                                                      

2 https://www.investopedia.com/trading/options-strategies/  

https://www.investopedia.com/trading/options-strategies/
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Exhibit 2.3 ‘Collar’ hedging strategy 

 

The payout in the call and put option contracts are shown by the blue line. 

2.7.4 Bull call spread 

The ‘bull call spread’ strategy provides limited protection of the asset price by hedging the price movement 

above the ‘short call strike price’. The buyer has price exposure within the [long call strike, short call strike] 

range. Limited protection is compensated by lower cost of the hedging strategy.  

Exhibit 2.4 ‘Bull call spread’ hedging strategy  

 

If compared to an insurance policy, ‘bull call spread’ strategy can be viewed as an insurance against upward 

price movement with the cap on the total payout under the insurance policy.  

2.7.5 Bear put spread 

The ‘bear put spread’ strategy provides limited protection of the asset price by hedging the price movement 

within the [long put strike, short put strike] range of price movement. Limited protection is compensated by 

lower cost of the hedging strategy. 

FX exposure  FX spot 

price 

FX spot 

FX exposure 

Call strike 

price 

Put strike 

price 

FX exposure  FX spot 

price 

FX spot 

FX exposure 

Short call 

strike price 
Long call 

strike price 
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Exhibit 2.5 ‘Bear put spread’ hedging strategy   

 

If compared to an insurance policy, ‘bull call spread’ strategy can be viewed as an insurance against 

downward price movement with the cap on the total payout under the insurance policy. 

2.7.6 Long straddle 

 

2.7.7 Long strangle 

 

2.7.8 Risk reversal (RR) strategy 

Risk reversal is a bullish strategy which involves (i) buying an out-of-money call option and (ii) selling an 

out-of-money put option. The buyer of the strategy bets on a large increase in the asset price and loses 

money if there is a large drop in the asset price. 

Exhibit 2.6 ‘Risk reversal’ hedging strategy  

 

Bid/ask spreads on risk reversal option strategy are quoted in Bloomberg FXIP tool. 

2.7.9 Butterfly (BF) spread strategy 

Under the butterfly spread strategy the option buyer gains profit if the deviation from the spot price is small 

(effectively the option buyer bets on the price stability). The buyer of the BF strategy is protected from large 

deviations in the underlying asset price. 

FX spot 

price 

FX spot 

FX exposure 

Short put 

strike price 

Long put 

strike price 

FX spot 

price 

FX spot 

FX exposure 

Short put 

strike price 

Long call 
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Exhibit 2.7 ‘Butterfly spread’ hedging strategy 

 

Bid/ask spreads on butterfly spread option strategy are quoted in Bloomberg FXIP tool. 

2.8 Comparing derivatives and insurance contracts 

Premium 

Payout 

Deductible – strike price 

Cap on payout 
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Section 3 Summary 
  

  

This section presents the summary of the key results and equations which are spread out across this guide. 

The section also provides a link to the sections were the equations are derived and discussed in more 

detail. 
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Appendix A Bloomberg Tools 
  

  

… 

A.1 OVML tool 

OVML tool is applied for FX and commodity price option valuation. 

A.1.1 Commodity price options 

This section describes Bloomberg’s OV valuation tool applied to commodity price options and forwards. 

The tool is illustrated for the gold commodity. Bloomberg print screen with the OV tool output is illustrated 

below. 

Exhibit A.1 Bloomberg OV tool output for the commodity price option 

 

The tool uses the following default options: 

1. The strike price is set equal to the gold futures price (ATMF – at the money forward price). 

 

The gold forward points are available through the ‘FXXUUS01 Index’ series or, alternatively through 

the ‘XAUSR12M Index’ series which presents forward points in bps of the gold spot price. 
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2. Volatility is linked to Bloomberg volatility series, such as ‘XAUUSDV1Y TPMT Curncy’3 shown 

below (the series represents XAUUSD 1 year ATM implied volatility). 

 

3. Discount rate is set at USD deposit rate. The rates are defined as ‘USD SOFR overnight index 

swap rates’4 which are the swap rates constructed for the SOFRRATE Index5 curve. 

 

4. Model. The list of models that can be selected for the option estimation is shown below. The default 

model is Black-Scholes. 

 

The results of the Bloomberg commodity option price test are shown in the exhibit below. 

Exhibit A.2 Test results for the Bloomberg commodity price option tool 

 

 

A.1.2 FX options 

This section describes Bloomberg’s OV valuation tool applied to FX options and forwards. The tool is 

illustrated for the GBP/CAD currency pair. Bloomberg print screen with the OV tool output is illustrated 

below. (Bloomberg screen for the OV tool can be alternatively presented using Bloomberg’s OVML tool). 

                                                      

3 For consistency, we select the same source TPMT as in the option valuation tool. 

4 The swap rates are reported through the YCSW0490 USD SOFR (vs. Fixed Rate) Bloomberg curve. 

5 SOFRRATE (Secured Overnight Financing Rate) is the index for the broad measure for the cost of borrowing cash overnight 
collateralized by Treasury securities. 
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Exhibit A.3 Bloomberg OV tool output for the FX option 

 

The tool uses the following default options: 

1. The strike price is set equal to the futures price 

 

2. GBP risk-free rate. Bloomberg constructs a custom curve for the GBP risk-free rate. Other options 

include (i) GBP overnight rate (BP00O/N ticker); (ii) Overnight Index Swap (OIS) rate (which swaps 

floating overnight rate into equivalent fixed rate with given maturity), e.g. BPSWSC for a 3-month 

swap rate 

3. CAD risk-free rate. Bloomberg constructs a custom curve for the CAD risk-free rate. Other options 

include (i) Canadian overnight Repo rate (CAONREPO ticker); (ii) Overnight Index Swap (OIS) rate, 

e.g. CDSOC for a 3-month swap rate. 

4. The price is quoted as a percentage of spot price.  

The Bloomberg print screen with the OV calculation results was replicated using equation Error! Reference 

source not found.. The results are shown in the exhibit below. 
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Exhibit A.4 Test results for the Bloomberg FX option tool 

 

The 2.08% option price is replicated using 10.447% volatility (upper bound of the volatility range) and by 

dividing the calculated call option price by FX spot price.  

A.2 OVME tool for stock price options 

This section describes Bloomberg’s OV valuation tool applied to stock price options and forwards. The tool 

is illustrated for the ‘GOLD US Equity’ stock ticker (Barrick Gold Corporation). Bloomberg print screen with 

the OV tool output is illustrated below. 

Exhibit A.5 Bloomberg OV tool output for the stock price option 

 

The strike price is set equal to the stock spot price (20.165). The yield rate proxy for the stock can be 

obtained through the DVD Bloomberg function. 

A.3 OVCV tool 

In this section we present the results of convertible bond valuation performed for the bond illustrated in 

Sections Error! Reference source not found. and Error! Reference source not found.. Bloomberg print 

screen with the convertible bond valuation output is shown below. 
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Exhibit A.6 Bloomberg OVCV tool output 

 

The parameters of the OVCV tool are interpreted as follows: 

1. Market Price: price of the convertible bond (as shown by Bloomberg HP function). 

2. Spread (Credit): bond risk premium. The spread is added to risk-free rate to discount projected 

cash flows in Black-Scholes model. 

3. Volatility: stock price volatility. Parameter can be set either based on historical or implied volatility. 

4. Implied volatility: the value of volatility which produced the bond fair value equal to the quoted 

market value. 

5. Cheapness: difference between the model and the market price expresses as a percentage of 

model price. 

6. Bond floor: NPV of fixed income components 

7. Option value: difference between the bond fair value and bond floor  

8. Yield to Maturity (YTM): the YTM value is estimated based on the bond market price. 

The valuation convertibility option value is estimated based on the estimated historical volatility and 

estimated risk spread. As a result, the bond FMV value 134.550 does not match the market bond price 

121.728. The convertibility option is valued based on the estimated FMV value (39.274 = 134.550 – 

95.276).6 

Alternatively, spread estimate can be replaced with the implied spread or volatility to ensure consistency 

between the bond market price and the FMV. 

                                                      

6 The yield rates (e.g. yield to maturity = -2.888) are reported based on the market price of 121.728. 
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The example shows that implied spread generates in this case a significantly higher adjustment for bond 

convertibility option. 

The yields on a comparable non-convertible bond issued by the same company are shown in the exhibits 

below. 

 

The yield rates on the non-convertible bond are shown in the exhibit below. 

Adjust ‘Spread (OAS)’ so that 

‘Market Price’ equals ‘Fair Value’ 
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A.4 OAS1 tool 
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OAS1 function 
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HOAS function 
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A.5 Implied volatility 

Bloomberg calculates implied volatility for FX options and reports them as curves. For example, the implied 

volatility for the 6-month GBP/CAD currency pair is reported in the GBPCADV6M BGN Curncy Bloomberg 

curve. The Bloomberg print screen for the curve is illustrated below. 
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Exhibit A.7 Bloomberg screen for the 6-month GBP/CAD implied volatility 

 

Bloomberg allows to set a custom range of dates and custom period tick starting from 1 minute tick. An 

illustrative print screen of implied volatility graph for the GBP/CAD pair is illustrated below. 

Exhibit A.8 Change in implied volatility over 1-day period using 1 minute tick 

 

Alternatively, FX option implied volatility can be estimated using the following function: FXIP> FX options 

and Volatility> (30) Volatility continuum – Real Vol ® to Future Implied Vol (I) | OVDV. The function output 

is illustrated below. 
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A.6 SDRV tool 

The SDR Derivative volumes (SDRV) tool shows the individual FX options, swaps, CDS and other 

derivative contracts traded in the OTC markets. The print screen for the GBP / CAD vanilla options is 

illustrated in the print screen below. 
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Exhibit A.9 A sample of individual FX option contracts 

 

The tool reports the following information: type of the option (put / call); underlying FX notional amount, 

option strike price, option expiry date, option premium, option style (European / American), option exercise 

time. The tool shows instruments for one-month period only. The transactions data can be exported into an 

Excel file. 
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Appendix B Implementation of Lease Residual Value Risk 
Model 

  

  

The lease model was presented in Section 2 and the risk-neutral probabilities and lease derivative prices 

were derived in Appendices B and C. In this section, the implementation of the lease valuation model is 

discussed in more detail. The discussion covers all steps starting from the data required for the model 

estimation (and respective data request to the client) and ending with the results presentation that are 

provided to the client. 

B.1 Modelling background 

The buyer of the residual value risk reimbursement contract owns a portfolio of assets which are leased to 

third-party lessees. The buyer projects a residual value of the asset at the end of each lease contract. The 

residual value determines the monthly fee charged in the lease contract. The buyer is exposed to the 

residual value risk in the event if the actual residual value is below the projected expected value. 

The risk exposure is hedged by entering into the residual value risk reimbursement contract with the 

contract seller. The hedging contract specifies the strike price (e.g. 90% of the expected residual value) 

such that any decrease of the residual value below the strike price is compensated by the contract seller. 

The premiums are paid by the contract buyer on an annual basis. The contract may be rolled over (including 

the update of the contract premiums) on an annual basis.   

B.2 Data 

Requesting data is the first step required before the analysis can be started. The objective of the step is to 

ensure that the required data is available and is reviewed for missing or incorrect information. 

B.2.1 Data request 

The following lease data is requested for the valuation analysis: 

1. Lease insurance contract agreement. The terms of the agreement include 

► Definitions of the projected and actual residual value of the cars 

► Schedule with the projected residual values 

► Reference to the methodology for the actual residual value estimation7 

► Strike price for the lease insurance claims 

2. Individual contract data. The data includes for each specific car lease contract the following 

information 

► Car type, build year, purchase year, and purchase price 

► Lease issue date, termination date, monthly rate, and lease factor 

► Car estimated depreciation schedule and residual value 

3. Historical data on lease insurance contract claims 

                                                      

7 The methodology should be requested from the client. 
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► For destroyed cars: the percentage of the destroyed cars in the overall portfolio and salvage 

values of the destroyed cars 

► For terminated leases, the residual car value as of the lease termination date   

4. Market data. The following additional data is necessary or recommended for the valuation model 

► Market risk-free rates 

► Market price data for the leased cars. Market data for individual car types are generally not 

publicly available but may be requested from the client who may maintain a database with the 

price information obtained through catalogues or other sources. 

 

B.2.2 Lease insurance contract 

The contracts are referred to as “Residual Value Risk Reimbursement” contracts.  

Background 

The contract background summarizes the following key facts: (i) the lease payments depend on the 

projected residual value of the underlying car assets; (ii) the lessor is exposed to the residual value risk: in 

the event that the actual market value of the car at the lease termination date is below the projected residual 

value, the lease payments do not fully compensate for the loss in the car value. As a result, the lessor incurs 

losses in the lease contract.8 The purpose of the lease insurance contract is to protect the lessor against 

the residual value risk exposure.  

The contracts typically include the following definitions and terms. 

Definitions 

► Seller and Buyer full legal name 

► Trade / effective date: the lease insurance issue / amendment date 

► Projected Residual Value (𝑉𝑅) is specified in the agreement schedule 

► Strike Price (𝐾) is calculated as a given percentage (𝑠) of Projected Residual Value: 𝐾 = 𝑠 × 𝑉𝑅 

► Actual Residual Value (𝑉𝐴) is assigned to the car at the end of the lease and is calculated as 

follows:9 

► The NPV of the lease cash flows over the car remaining useful life is estimated by the lease 

insurance Buyer 

► If the Seller and the Buyer disagree on the estimated actual residual value, the parties get the 

appraisal from a third-party to which they both mutually agree 

► If the parties disagree on the appraisal, they follow the dispute resolution process. 

 

                                                      

8 Note that the risk exposure is two-sided: the market value of the car on the lease termination date may be above the projected 
residual value. In this case, the lessor obtains an additional gain from the car residual value. 

9 Note that the definition of the Actual Residual Value assumes that the car is not traded in the market and the direct market value of 
the car is not available. 
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Terms 

► Reimbursement Payout value is calculated as the difference between strike price (e.g. 90% of 𝑉𝑅) 

times the Projected Residual Value and Actual Residual value or zero (whichever is greater): 

𝑃 = max[0, 𝑠 × 𝑉𝑅 − 𝑉𝐴] 

► Request for Risk Reimbursement Payout is provided within a specific period and shall be supported 

by the documentation with the Actual Residual Value appraisal 

► Premiums and Payment Terms. The Premiums (𝐹) paid by Buyer to Seller are specified in the 

agreement schedule. Premiums are calculated as a percentage (𝑓) of the Projected Residual Value 

and are allocated annually (on XXX date of each year) on a straight-line basis (consistently with 

the Projected Residual Value depreciation schedule) 

𝐹 = 𝑓 × 𝑉𝑅 

► Car Additions. New cars are added automatically to the portfolio covered automatically by the 

insurance contract. The applicable premiums are calculated as per the agreement premium 

schedule. Upon the addition of new cars, the Seller has a specific period to object to the new cars 

addition to the portfolio covered by the insurance contract. 

► Lease Termination Terms. The lease insurance agreement is terminated in the even if (i) one of 

the parties becomes insolvent; (ii) one of the parties undergoes xx% change in ownership; or (iii) 

the Buyer disposes from xx% of the portfolio assets within a calendar year.10 

 

B.2.3 Data review and transformation 

The provided data on individual lease contracts typically needs to be reviewed and transformed to be 

applied in the valuation model. The following steps are typically performed to present the data in the 

appropriate format. 

1. Data reduction. Typically, the data set includes a significant amount of redundant information which 

is not relevant for the valuation purposes. The data set is reviewed to ensure that all necessary 

fields are present and then the data set is reduced to include only necessary fields. The fields are 

listed in Appendix E.1.1. 

2. Data aggregation. The data set often includes multiple records of effectively identical leases. An 

identification label is created for each specific contract type and the leases are grouped based on 

the identification label. The id can be built, for example, as a combination of the following fields: 

3. lease id = (car type, lessee id, car build date, car purchase date, lease termination date, lease 

monthly fee) 

4. Data screening. Some lease contracts may have missing fields (which are required for lease 

valuation) or the field values result in inconsistent pricing.11 The contracts should be screened to 

remove the outliers from the valuation model. The contracts should be reviewed and discussed with 

the client separately to identify the source of values inconsistency. 

                                                      

10 Formally, the agreement should specify the payouts in the event of assets disposal and termination of the respective insurance 
contracts. In the absence of such terms, it is either assumed that the payouts are zero or the payouts are estimated based on the 
residual value of the insurance contracts. 

11 The data should be screened for (i) missing fields values; (ii) zero (or small) car purchase price values; (iii) zero (or small) lease 
monthly fee values. 
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After performing the steps above, a data set is created which is used to estimate the parameters of the 

residual risk valuation model. 

 

B.3 Modelling approaches 

Based on the analysis of the insurance claims, the selected modelling approach can be broadly classified 

either as a (i) CDS approach or (ii) as a Black-Scholes approach. 

1. CDS approach should be selected whenever the insurance claims are consistent with the evidence 

that the primary risk which triggers the insurance claims is the destruction of the lease assets. 

Under the approach, the value of the asset is modelled as a binary process with the states 

corresponding to destroyed / non-destroyed asset. 

2. Black-Scholes approach should be applied whenever the insurance claims are consistent with 

the evidence that the risk which triggers the insurance claims is related to the continuous 

depreciation of the lease asset value. The claim is submitted in the event when the actual 

depreciation is accelerated relative to the expected depreciation resulting in the lease value being 

below the contract strike price at the lease contract maturity. The continuous stochastic 

depreciation of the lease asset can be attributable to various factors such as technological risk, 

market risk, regulatory risk, and other.  

Under both the CDS and Black-Scholes approaches, the residual risk reimbursement contract can be priced 

either as an insurance contract or a derivative contract. The distinction between the two approaches can 

be summarized as follows. 

1. Under the insurance approach, the price is derived based on the estimation of the costs and profit 

margins of the risk reimbursement contract. The costs can be broken down into (i) the costs related 

to the insurance claims payments (when the insurance event is triggered); and (ii) administrative 

costs related to issuing, valuation, execution, and monitoring the contracts. The costs and profit 

margins are estimated based on the analysis of historical financial statements and insurance claims 

of the tested entities or comparable entities with publicly available market data.  

2. Under the derivative approach, the price of the residual value risk reimbursement contract is 

estimated as a derivative of market prices including (i) lease fees and (ii) applicable market risk-

free rate. The derivative approach assumes that implied costs and profit margins are incorporated 

into the lease fees and are respectively derived from the lease fees. More precisely, the residual 

value risk reimbursement contract is replicated using a portfolio of the lease contract and a risk-

free bond and the price is derived based on the replication portfolio. 

Implementation of the approach is discussed in detail in the sections below. 

B.4 Estimation of model parameters 

The objective of the parameter estimation step is to (i) estimate the expected depreciation term structure 

Λ𝑡; (ii) estimate the depreciation risk volatility parameter 𝜎; and, if applicable, (iii) to estimate the asset 

destruction hazard rate 𝛾(𝑠).  

B.4.1 Approach  

Suppose that the following lease portfolio data is available for analysis: 
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1. The build date and asset (product) type12 for each lease underlying asset; 

2. Each lease contract purchase date and purchase price. Lease purchase price represents the 

underlying asset residual value effective as of the lease purchase date; 

3. Residual value estimation method applied by the lessor; 

4. Each lease contract monthly payment and lease factor; 

5. Tax rate applicable to the lease contracts. 

The parameters can be used to specify the id of each lease contract in the following format:  

id = product type – lessee id – build date – purchase date – lease termination date – monthly payment – 

lease factor.13 

The empirical expected depreciation term structure Λ𝑡 is estimated as follows.14 The function Λ𝑡 is 

estimated based on the lease contract purchase date and purchase price information. The purchase date 

is converted to the asset age value 𝑡. The purchase price corresponds to the residual value 𝑆𝑡. The data is 

constructed for each individual lease and is grouped by the underlying asset type 𝑖. The function Λ𝑡 is 

estimated by performing a fixed-effect panel regression analysis for the 𝑆𝑖,𝑡, where 𝑆𝑖,𝑡 is the market residual 

value of the asset type 𝑖 with age 𝑡. The model specification is based on the following two assumptions:15 

1. The term structure does not change over time. The model specification uses only the asset age as 

parameter but not the date when asset was built. 

2.  The term structure does not change with the asset type. The parameters Λ𝑡 are assumed to be 

independent of asset type indexed by 𝑖.  

Based on the estimated lease asset depreciation term structure, implied lease factor is estimated as follows: 

𝑓 =

𝐹 × (𝑠 − 𝑡)
1 + 𝜏

− (𝑆𝑡 − 𝑆𝑠)

(𝑆𝑡 + 𝑆𝑠) × (𝑠 − 𝑡)
 

Implementation of the approach is illustrated in Appendix E. 

B.4.2 Implementation 

The valuation formulas presented in Appendices B.4.4 and C.2.4 require the following parameters to be 

estimated: 

1. Risk-free rates 

                                                      

12 In the case of equipment leasing, the asset type can correspond to different equipment products. For example, in the case of railcar 
leasing the product types can be different models of tank cars, covered hopper railcars, etc.  

13 The id assumes that all contracts in the portfolio are renewed on the same date (and therefore have the same lease issue date).  

14 An alternative approach is to estimate the implied depreciation term structure based on the implied residual value used by the 
lessor to calculate the lease monthly rate. The lease monthly rate, lease factor, and tax rate are used to estimate the implied residual 
value applied by the lessor in the monthly rate calculations. The implied depreciation term structure is calculated then based on the 
implied residual value sample using a fixed-effect panel regression analysis as discussed above. The monthly rate is calculated using 

the following equation: 𝐹 = [
𝑆𝑡−𝑆𝑠

𝑠−𝑡
+ 𝑓 × (𝑆𝑡 + 𝑆𝑠)] × (1 + 𝜏). The implied residual value is estimated from the equation as follows: 𝑉𝑠 =

𝑆𝑡×(𝑓×(𝑠−𝑡)+1)−
𝐹×(𝑠−𝑡)

1+𝜏

1−𝑓×(𝑠−𝑡)
. 

15 Validity of the assumptions is discussed in Katharina Nau, “An Empirical Analysis of Residual Value Risk in Automotive Lease 
Contracts”. 
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2. Market-based car residual value schedule 

Estimation of the risk-free rates is discussed in a separate guide ([reference]). This section presents details 

of the estimation procedure for the car residual value schedule. 

The residual value schedule is estimated based on the following functional form assumption: 

(B.1)  𝑠𝑖,𝑡 = 𝑠𝑖,0 − Λ𝑡 + 𝜎𝑊𝑡 

where function Λ𝑡 is assumed to have a linear form 

(B.2)  Λ𝑡 = 𝜆𝑡 

and 𝑠𝑖,𝑡 is the natural logarithm of the type 𝑖 car residual value at age 𝑡 (and 𝑠𝑖,0 is the car value at the car 

build date). The unknown parameters 𝑣𝑖,0 and 𝜆 are unknown parameters estimated using a fixed-effect 

panel regression model.16 Results of the regression model estimation are illustrated in the diagram below, 

where the red line represents the linear downward trend in the logarithm of the residual value (−𝜆𝑡) and the 

black dots represent the sample of actual decreases in the logarithm of the residual value ((−𝜆𝑡 + 𝜎𝑊𝑡). 

Exhibit below also compares the actual depreciation (estimated based on the data) against the straight-line 

depreciation (assuming 50-year term and 10% residual value after 50years). 

Exhibit B.1 Residual value depreciation schedule 

Expected and actual decreases in the logarithm of 
residual value 

Actual depreciation compared to the 
straight-line depreciation 

  

Under the Black-Scholes model specification, the residuals 𝜎𝑊𝑡 in the panel data model specification are 

serially correlated and heteroscedastic (𝑣𝑎𝑟 𝜎𝑊𝑡 = 𝜎2𝑡). The exhibit above does not show the increase in 

the residuals standard error with the increase in the car age. Therefore, the Black-Scholes model needs to 

be modified to be consistent with the empirical data. 

                                                      

16 Depending on the data patterns, more complex functional form for the function Λ𝑡 can be selected and tested. 
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B.5 Residual risk valuation for individual contracts 

This section presents the model in which a residual value risk reimbursement contract is issued for each 

individual lease asset. The portfolio of the residual value risk reimbursement contracts is priced as a sum 

of individual contract prices.17  

B.5.1 CDS approach 

The CDS approach should be selected whenever the data indicates that majority of residual value risk 

claims are related to the destruction of underlying lease assets value. 

The valuation can be performed using two alternative approaches: insurance approach and derivative 

approach. 

CDS / Insurance approach 

Under the insurance approach, the fee is estimated as the sum of the following components: 

Fee = Expected Loss + Expense Load + Profit Provision 

Each component of the fee is estimated as follows: 

1. Expected Loss. Expected losses are calculated either (i) based on the client’s historical losses 

and estimation of the respective empirical loss distribution; or, alternatively, (ii) based on the 

publicly available market historical loss data for comparable lease assets. The empirical loss 

distribution is estimated on an annual basis and losses are estimated as a percentage of the asset 

residual value. 

2. Expense Load. The Expense Load encompasses the costs of doing business incurred by the 

insurer as a result offering such coverage. The cost includes the following components: production 

expenses (e.g., marketing expenses, broker/agent fees); general expenses (e.g., personnel, 

systems costs); other administrative expenses (i.e., miscellaneous expenses not covered 

elsewhere); and taxes, licenses and fees. The Expense Load can be estimated either based on the 

historical financial statements of the insurer / guarantor (if available) or based on the market 

financial data of the companies which perform similar functions. 

3. Profit Provision. The profit margin is estimated either (i) based on the value-at-risk (VaR) analysis 

as a compensation for the insurer’s capital balances required to guarantee that the insurance claims 

will be paid when due; or (ii) based on the transfer pricing analysis of profit margin estimated based 

on the market profit margin data estimated using a sample of comparable companies. 

Structuring and valuation of the contract as an insurance contract should take into consideration that the 

seller of the contract may be required to meet the regulation requirements of an insurance company (for 

example, it may be required to have adequate capitalization).  

CDS / Derivative approach 

Under the CDS approach, the lease residual value risk reimbursement contracts are modelled similar to 

the amortized bond CDS contracts. Derivative approach is based on arbitrage-free prices which 

incorporates both the expected cost and profit components into the derivate price. Similar to the insurance 

approach, the derivative approach estimates the value of the reimbursement contract based on the hazard 

                                                      

17 In the following section, the pricing approach is presented for the case when a single residual value risk reimbursement contract is 
issued for the whole portfolio of lease assets. 
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rate of the asset destruction. Unlike the insurance approach, the implied hazard rate is derived from the 

lease market fees and not from historically observed asset destruction hazard rates. 

The steps of the valuation approach are summarized as follows: 

1. Valuation date. The market lease fee is observed only at the lease issue date. Therefore, the 

price information is available only as of the lease issue date. 

2. Lease fee adjustment. The lease periodic monthly fee is adjusted for the operational cost to 

produce equivalent amortized bond periodic payments. The cost-adjusted lease fee in interpreted 

as the sum of (i) lease asset amortized value and (ii) interest payment on the leased asset; 

𝐷0 = 𝐹 × 𝑚𝑜𝑝 

3. Lease asset amortization (𝜆). Amortization schedule is estimated based on the historical panel 

regression data of the underlying asset residual values. Annual amortization is estimated as a 

percentage of the asset residual value: 

(B.3)  𝑣𝑡 = 𝑣0 − 𝜆𝑡 + 𝜎(𝑡) × 𝑊𝑡 

where 𝑣𝑡 = ln 𝑉𝑡 and 𝑉𝑡 is the residual value of the asset with age 𝑡. 

Alternatively, amortization schedule is estimated assuming straight-line depreciation of the asset. 

The straight-line depreciation assumes a given (50-year) useful life of the asset (starting from the 

date when the asset was built) and a given residual value of the asset at the end of the useful life 

(e.g. 10% of the asset initial value). The asset initial value is estimated as the purchase price at the 

date when the asset was purchased.18 

4. Implied lease interest rate (𝒊). The cost-adjusted lease fee is converted into the implied interest 

rate by decomposing the fee into the amortized value and interest components: 

(B.4)  𝑆0 = 𝑆0 × 𝑒−𝑑𝑇 + 𝐷0 ×
1 − 𝑒−𝑖×

𝑛+1
12

1 − 𝑒−𝑖
1

12

 

where 𝑑 is implied dividend rate; 𝑖 = 𝑑 − 𝜆 is the implied lease interest rate; and 𝑛 is the number of 

fixed monthly dividend payment over the term of the lease. 

5. Implied premium (𝒇). The implied premium is estimated as a difference between implied interest 

rate and risk-free rate (or group refinancing rate in the case of the intercompany lease derivatives. 

The group refinancing rate is used to adjust for the counter-party risk). 

(B.5)  𝑓 = (𝑖 − 𝑟) ×
𝑘 − 𝛼

1 − 𝛼
 

where parameter 𝑟 represents a one-year risk-free (or group refinancing) rate, 𝑘 is the strike price 

parameter (represented as a percentage of the residual value); and 𝛼 is the recovery rate 

parameter. 

6. Contract roll-over. The derivative contracts are rolled-over and re-priced on an annual basis. The 

destroyed lease assets are removed from the portfolio and the insurance claims are settled. The 

                                                      

18 Note that in many cases the asset purchase date is different from the asset’s built date and the asset purchase price already includes 
asset depreciation that accumulated from the asset built date. 
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fee 𝑓 is applied to all remaining contracts in the portfolio.19 The effective maturity of each derivative 

contract is assumed to be one year. Therefore, a one-year risk-free (group refinancing) rate is 

applied in the premium estimation 

The model parameters can be grouped as follows: 

1. Parameters 𝐹 (lease monthly fee), 𝑘 (strike price), and 𝑇 (lease term) are specified by each lease 

contract or residual risk reimbursement contract; 

2. Parameter 𝑚𝑜𝑝 is estimated from the lessor historical financial statements; 

3. Parameter 𝜆 is estimated based on the panel regression model for the lease asset residual value 

data; 

4. Parameter 𝑟 is estimated as follows: 

► If 𝑟 represents risk-free rate, then it is estimated based on the respective risk-free indices; 

► If 𝑟 represents group refinancing rate, then it is estimated based on the interest benchmarking 

analysis performed for the group (or risk reimbursement contract seller). 

5. Parameter 𝛼 is estimated based on the observed historical recovery rates of the destroyed assets. 

By default, 𝛼 = 0; 

6. Parameter 𝑖 is estimated as implied parameter in equation (B.4); 

Illustrative results of the approach implementation for an actual portfolio of railcar leases are provided 

below. 

[results] 

 

B.5.2 Black-Scholes approach 

The Black-Scholes approach should be selected whenever the data indicates that majority of residual value 

risk claims are related to the decrease of continuously changing residual value below the contract strike 

price. 

Similar to the CDS approach, the valuation can be performed using two alternative approaches: insurance 

approach and derivative approach. 

Insurance approach 

The insurance approach under the Black-Scholes valuation methodology is similar to the CDS / insurance 

approach. The total fee is presented as a sum of three components described above. The estimation 

methodology for the Expense Load and Profit Provision components is similar to the methodology described 

for the CDS / insurance approach. 

The expected cost component tis estimated based on the residual value regression model described by the 

equation 

𝑠𝑖,𝑡 = 𝑠𝑖,0 − Λ𝑡 + 𝜎𝑊𝑡 

                                                      

19 If the estimated fee depends statistically on the residual value (age) of the lease asset or lease maturity term, then the fee is adjusted 
accordingly for all contracts remaining in the portfolio. 
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The expected cost for the lease asset 𝑖 is calculated formally as follows 

𝑙 = 𝐸 [(ln 𝐾 − 𝑣𝑖,𝑇)
+

] 

where 𝐾 is the contract strike price. The expected loss is normalized then as follows: 

𝑓𝐿 =
𝑒𝑙

𝑆0

 

 

Derivative approach 

Under the BS / derivative approach, steps one to three are the same as under the CDS / derivative 

approach. The difference starts from step four. 

1. Implied residual value drift parameter. The implied drift parameter is estimated as follows 

(B.6)  𝜇 →= − (𝜆 + (𝑖 − 𝑟) +
𝜎2(𝑇)

2𝑇
) 

where 𝑑 = 𝜆 + 𝑖 is implied dividend parameter, which is estimated from the following equation: 

(B.7)  𝑑 =
𝐷0

𝑇 × 𝑆0

×
1 − 𝑒−𝑟×(𝑛+1)/12

1 − 𝑒−𝑟/12
 

where 𝑇 is the lease maturity term and 𝑛 × 𝐷0 is the total lease fee paid during the term of the lease 

contract. Note that the drift parameter is lower than the parameter 𝜆 in the BS / insurance approach 

(assuming that 𝑖 − 𝑟 ≥ 0) and, therefore, it can be interpreted as that the parameter includes both 

the cost and profit components; 

2. Volatility parameter. The implied volatility function 𝜎2(𝑇) is estimated from the linear regression 

model (c.4.1); 

3. Put option price. The value of the put option is estimated as  

(B.8)  𝑉𝑝𝑢𝑡 = −𝑁(−𝑑1) × 𝑆𝑒−𝑑𝑇 + 𝑁(−𝑑2) × 𝐾𝑒−𝑟𝑇 

Where parameters 𝑑1 and 𝑑2 are estimated as follows 

(B.9)  {
𝑑1 =

1

𝜎(𝑇)
× [ln

𝑆

𝐾
+ (𝑟 − 𝑑)𝑇 +

𝜎2(𝑇)

2
]

𝑑2 = 𝑑1 − 𝜎(𝑇)

 

4. Contract roll-over. In the case of Black-Scholes model, the strike price is typically set as of the 

lease termination date and, therefore, rolling and re-pricing the reimbursement contracts on an 

annual basis is inconsistent with setting the strike price at the contract maturity. Re-pricing of the 

residual risk reimbursement contract requires also the annual re-evaluation of the underlying lease 

asset. 
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The model parameters can be grouped as follows. Parameters in groups (i) – (iv) are the same as in the 

CDS / derivative approach. Other parameters are grouped as follows: 

1. Parameter 𝑑 is estimated based on the equation (B.7); 

2. Volatility function 𝜎2(𝑇) is estimated based on the panel regression model (together with parameter 

𝜆); 

3. Parameter 𝑆𝑡 is provided by the client. Alternatively, parameter 𝑆𝑡 is calculated using (i) straight-

line depreciation 𝑆𝑡 = 𝑆0 − 𝛿𝑡 (where 𝛿 is depreciation parameter20); or (ii) expected market 

depreciation 𝑆𝑡 = 𝑆0𝑒−𝜆𝑡. 

Illustrative results of the approach implementation for an actual portfolio of railcar leases are provided 

below. 

[results] 

 

B.5.3 Mixed CDS / Black-Scholes approach 

 

B.5.4 Summary of the residual risk valuation modelling 

A high-level summary of the valuation approach can be described as follows. 

Selection of the approach 

1. The are two alternative approaches to the residual risk hedging valuation: insurance approach and 

derivative approach; 

2. The derivate approach estimates the price of the risk reimbursement contract as a derivative of the 

lease market fee (lease market price). 

3. The derivative approach can be implemented either as a (i) CDS model or as a (ii) Black-Scholes 

model; 

 

CDS approach 

1. CDS approach assumes that the insurance event is triggered whenever the underlying asset is 

destroyed. The lease CDS model can be viewed as similar to the amortized bond CDS model. The 

equivalence of the two models can be presented as follows: 

► The destruction of the underlying asset is interpreted as a default on the bond. Therefore, the 

residual value risk is interpreted as the default risk when the underlying asset is destroyed;  

► The depreciation of the lease asset corresponds to the amortization of the bond; 

► Periodic lease fee includes two components: interest payment and the asset amortization 

payment. 

                                                      

20 In general case, 𝛿 is calculated as 𝛿 =
𝑆0×(1−𝜌)

𝑇𝑙𝑖𝑓𝑒
, where 𝑆0 is the price of the asset at the date when it was acquired, 𝑇𝑙𝑖𝑓𝑒 is expected 

remaining life of the asset (e.g. 50 years after the asset was built); and 𝜌 is the residual value of the asset after the end of the expected 
life (e.g. 10%). 
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2. There are certain differences between the lease CDS and amortized bond CDS models, which 

result in models’ implementation differences: 

► Lease management includes certain operational costs. Therefore, the lease fee includes not 

only the profit margin which compensates for the time value of money and lessee default / asset 

destruction risk but must also compensate for the operating costs (equivalent of admin fee in 

bonds); 

► The lease depreciation schedule is random unlike the bond amortization schedule. There are 

different approaches to model lease depreciation schedule (e.g. assume straight-line 

depreciation or estimate the depreciation based on market data); 

► The terms of an amortized bond transaction include both the bond amortization schedule and 

bond interest rate. The terms of the lease agreement include the periodic lease fee which must 

be decomposed into the lease depreciation and interest components. Decomposition of the 

lease fee into two components is part of the analysis and the results of the analysis depends on 

the lease depreciation modelling approach. 

3. Under the CDS approach, the periodic premium is calculated using the following equation 

𝑓 = 𝑘 × (𝑖 − 𝑟) 

where 𝑘 is the strike price quoted as percentage of the asset residual value, 𝑖 is the implied interest 

rate (estimated from the lease fee decomposition), and 𝑟 is either the risk-free rate or the rate 

applicable to the ‘insured’ asset. In the latter case, the rate 𝑟 models the counter-party default risk 

(which includes both the lessee default risk and the risk reimbursement contract seller default risk). 

In the case of the amortized bond transaction, 𝑖 represents the bond yield rate.21  

 

Black-Scholes approach 

1. Black-Scholes approach assumes that the insurance event is triggered whenever the underlying 

asset is depreciated at accelerated rate than expected. The approach assumes continuous 

changes in the asset residual value (and, therefore, does not account for the asset destruction 

probability); 

2. The Black-Scholes application to the lease asset residual value model can be implemented as a 

standard Black-Scholes model with implied dividend rate estimated based on the lease fee 

payments;  

3. The asset depreciation empirical data is consistent with the geometric rate of reduction in the asset 

value and, therefore, consistent with the geometric Brownian motion.22 The volatility of the residual 

value does not show the linear increase 𝜎(𝑇) = 𝜎2 × 𝑇 over time. Therefore, the 𝜎2 × 𝑇 term in the 

Black-Scholes equation should be replaced with a generic 𝜎(𝑇) value estimated from the residual 

value regression model; 

4. The risk-neutral expectation of the residual value percentage change in the Black-Scholes model 

can be presented as follows: 

𝜇 →= − (𝜆 + (𝑖 − 𝑟) +
𝜎2(𝑇)

2𝑇
) 

                                                      

21 In a standard CDS model with no counter-party risk, 𝑟 represents risk-free rate. In the model with the counter-party risk, 𝑟 represents 
the interest rate applicable to the guarantor. 

22 The geometric Brownian process assumption for the asset value is one of the key assumptions in the Black-Scholes model. 
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where 𝜆 is expected asset depreciation rate and 𝑖 is implied interest rate. The risk-neutral parameter 

𝜇 depends only on the implied dividend rate 𝑑 = 𝜆 + 𝑖 and does not depend on a specific 

decomposition of the dividend rate into the asset depreciation rate and interest rate. 

5. The put option value under the Black-Scholes approach is described by equations (B.8) and (B.9). 

6. To apply the Black-Scholes equations, the market residual value 𝑆𝑡 must be estimated as of the 

residual risk reimbursement contract valuation date (by default, the 𝑆𝑡 can be estimated using 

straight-line or depreciation schedule or the schedule estimated from the regression model). For 

consistency with the Black-Scholes modelling approach, the maturity term of the contract should 

be set equal to the lease termination date23. 

 

B.6 Residual risk valuation for a portfolio of contracts 

 

 

   

                                                      

23 The contract not rolled over and re-priced on the annual basis. 
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Appendix C ac.finance.* option pricing tools 
  

  

C.1 ac.finance.BSM 

 

C.2 ac.finance.APM 

The objective of the ac.APM tool is to implement the models presented in this guide. Numerical 

implementation of the models allows to select flexibly modelling parameters and produce model 

specifications which do not have simple analytical solutions.  

C.3 Overview 

The models simulated by the ac.APM tool are similar to the interest rate models (implemented by the 

ac.SRM tool). The tool models stochastic processes with a one-dimensional space of process states. The 

model is a specific case of the one-dimensional controlled Markov process. 

There are two key differences of the ac.APM tool from the ac.SRM tool and general Markov processes. 

1. The ac.APM models both (i) the value of the underlying asset and (ii) the value of the derivative 

instrument. The tool allows to assess the impact of the changes in the parameters of the underlying 

asset (e.g. change in the dividend payout ratio) on the value of the derivative contract; 

2. The ac.APM tool estimates risk-neutral probabilities as part of the derivative contract modelling. 

Estimation of the risk-neutral probabilities requires that the market completeness requirement is 

satisfied (number of modelled assets equals to the number of states). 

To summarize, the ac.APM tool is implemented using the following principles: 

1. The tool assumes market completeness (by default, two assets and two states in each period of 

time); 

2. The tool assumes existence of the risk-free asset with continuous rate of return 𝑟 × 𝑑𝑡; 

3. The tool derives both the underlying asset price and derivative prices; 

► The dividend process is specified by the user and the stock price is derived from the dividend 

process; 

► The stock price is modelled directly as a function of an abstract stochastic factor. The process 

for the abstract stochastic factor is specified by the user; 

4. If the asset price is derived from the dividend process, the price is calculated using the contraction 

mapping principle summarized as follows: 

► fix terminal price 𝑉𝑇;  

► run backward recursion to estimate prices 𝑉0 at 𝑡 = 0; 

► At iteration 𝑛, set 𝑉𝑇
(𝑛)

= 𝑉0
(𝑛−1)

 and re-run the backward recursion until 𝑉0
(𝑛)

= 𝑉𝑇
(𝑛)

 

5. For given estimated price process, estimate risk-neutral probabilities; 

6. Estimate derivative prices 

  



 

Konstantin Rybakov                                                   Derivative Pricing                                               Page 41 of 50  

C.4 Model inputs 

Model inputs include: (i) set of states for a one-dimensional stochastic factor; (ii) transition probabilities for 

the stochastic factor; (iii) collection of assets and mapping from the stochastic factor state into respective 

asset price; (iv) dividend function for each asset. 

By default, one of the assets in the modelled collection of assets is a risk-free bond which maps each state 

of the stochastic factor into the bond price as follows: 𝐵𝑡+1 = (1 + 𝑟) × 𝐵𝑡, where 𝑟 is the risk-free rate. The 

risk-free bond is modelled automatically by the tool and is not included in the collection of assets specified 

by the user. 

Each process is modelled as a discrete tree (including continuous diffusion processes). In the tree model 

specification, the number of assets must be equal to the number of states to ensure that market 

completeness condition is satisfied, and risk-neutral probabilities can be derived from the model 

specification.24 Note that risk-neutral probabilities are derived within the tool and not specified by the user. 

 

                                                      

24 Note that this approach differs from the default approach in the ac.SRM tool process specification when the interest rate process is 
described directly by a diffusion process. Diffusion models in the ac.APM tool are explicitly approximated by discrete trees as described 
in this guide, for example, by the Black-Scholes equations for risk-neutral probabilities. For single-asset case, the tool provides an 
option to specify the asset price process explicitly as a diffusion process and the tool performs automatically the approximation of the 
diffusion with the binomial Markov tree.  
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Appendix D Derivative Markets Overview 
  

  

This section provides a brief description of how the derivative markets operate by summarizing the content 

provided in [5] and [7] as well as other sources.  

 

D.1 Risk transfer process 

When a bank transacts with a counterparty (in option, forward or spot transaction), the bank will hedge itself 

in the interbank market with respective product. With the “risk transfer” approach, the transaction price 

offered to the counterparty is set equal to the mid market price plus pre-agreed risk transfer (execution) 

spread. The spread premium is added to compensate the bank for the risk taken by the bank to clear the 

transaction in the market. The mid market price is estimated as of the transaction execution time. 

The “clearing” risk is present due to the following reasons: 

1. Execution time. It may take significant amount of time to clear the transaction.25 Spot markets can 

be very volatile. The mid market spot rate moves on a second-by-second basis. 

2. Market liquidity. Liquidity of the FX markets differs by the currency pair. For example, execution 

of the GBP/CAD spot trade may require access to both GBP/USD and USD/CAD spot markets. 

Implied volatility (option) markets are typically not liquid. Transaction timing should be targeted to 

high market liquidity to reduce the transaction costs.26 Banks use real-time data and analytics 

technology to screen for market liquidity conditions and market activity and to identify the time for 

transaction execution. 

3. Transaction size. Large transactions have the ability to significantly move the market. 

Confidentiality27 in large transaction execution is extremely important.28 A large transaction can 

be executed either as a single trade or tranched in multiple trades. A spread premium in tranched 

transactions is smaller but there is a larger execution window and, therefore, a larger risk of spot 

rates movements. 

Typical risk-transfer premium spreads are summarized below. 

1. FX spot execution premium: 20-100bps.  

2. FX forward execution premium: 1-5bps. 

3. FX option execution premium: 1-3% of implied volatility. 

   

Market clearing and settlement is processed by the Depository Trust & Clearing Corporation (DTCC), which 

performs the exchange of securities on behalf of buyers and sellers and functions as a central securities 

depository by providing central custody of securities. DTCC was established in 1999 as a holding company 

to combine The Depository Trust Company (DTC) and National Securities Clearing Corporation (NSCC). 

                                                      

25 A two billion FX deal for major currencies  can be executed within one day. 

26 For example, a GBP/CAD spot trade should be executed when both European and North American markets are open. 

27 Confidentiality is key to ensuring smooth execution and limiting information leakage. 

28 Options are executed in trades of less than C$50mln face value per trade in the interbank market with approximately a dozen of 
dealers. Therefore, large option trade transactions are very difficult to execute. 
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DTCC automates, centralizes, standardizes, and streamlines processes in the capital markets. Through its 

subsidiaries, DTCC provides clearance, settlement, and information services for equities, corporate and 

municipal bonds, unit investment trusts, government and mortgage-backed securities, money market 

instruments, and over-the-counter derivatives.29 DTCC is the highest financial value processor in the 

world. DTCC operates facilities in the New York metropolitan area, and at multiple locations in and outside 

the United States. 

D.2 Early termination of hedging contracts 

EY also reviewed the ISDA Master Agreement. As stated above, the ISDA Master Agreement is a 

standardized agreement which governs over-the-counter derivative transactions. The rail residual 

reimbursement transaction could be effectively viewed as a derivative transaction and the terms outlined 

by the ISDA Master Agreement could be considered as being comparable to arm’s-length terms. The ISDA 

Master Agreement states the following: 

► An additional termination even is specified pursuant to the following: If any “Additional Termination 

Event” is specified in the Schedule or any Confirmation as applying the occurrence of such event 

(and, in such even the Affected party or Affected Parties shall be as specified for such Additional 

Termination Event in the Schedule or such Confirmation).”  

► In the event of early termination: “…an amount will be payable equal to the Non-Terminating Party’s 

Loss in respect of this Agreement. If that amount is a positive number, the Terminating Party will 

pay it to the Non-Terminating Party; if it is a negative number, the Non-Terminating Party will pay 

the absolute value of that amount to the Terminating Party.” 

 

EY identified a United States Tax Court Report (Report) titled “R.V.I. Guaranty Co., Ltd. and Subsidiaries, 

Petitioner v. Commissioner of Internal Revenue, Respondent” filed on 21 September 2015. A high-level 

summary of the report is outlined below: 

1. RVI, is a residual value insurance provider for vehicles, commercial real-estate and commercial 

equipment. The Report outlines a court case involving RVI. 

2. A portion of the Report outlines many of the terms that are typical to residual value insurance 

policies. 

3. The Report states the following key items: 

► “[Residual value insurance] policies typically called for a single premium payable at inception of 

the contract. The premiums charged depended on how much risk [the insurer] assumed, i.e., on 

the magnitude of the gap between the expected residual value and the insured value.” 

► “For [the insurer] to have a liability under a contract, the insured had to meet various conditions 

precedent, e.g., pay the premium, having an ownership interest in the covered property…” 

► If premiums are to be taxed upon receipt, they are to be treated as earned upon receipt. 

► “[Residual value insurance] policies call for nonrefundable premiums…” “An RVI policy will pay 

out, if at all, on upon lease termination. In certain circumstances – for example, if inflation 

develops during a long-term lease – the lessor may become confident that the residual value of 

his leased asset will exceed its insured value at lease termination. To prevent the insured from 

taking a self-serving “wait and see” attitude in this setting [the lessor] may rationally choose to 

disallow premium refunds upon mid-stream policy cancelations. 

                                                      

29 https://en.wikipedia.org/wiki/Depository_Trust_%26_Clearing_Corporation.  

https://en.wikipedia.org/wiki/Depository_Trust_%26_Clearing_Corporation
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► “The IRS has recognized that there are other types of insurance, such as surety insurance, for 

which the policy may be made noncancellable and for which the premium therefore is non-

refundable.” 
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Appendix E Examples 
  

  

This section discusses some real-life hedging projects. 

E.1 Deal contingent FX hedging 

Suppose that a company (Parent) is acquiring a company (Target) in a foreign jurisdiction using foreign 

currency. Acquisition hedging is performed when there is the duration between the acquisition 

announcement (and price setting) date and the deal closure date is material (at least several months). The 

Parent is exposed in this case to FX risk when the fund for the acquisition are raised in one currency (e.g. 

$C) and acquisition price is set in a different currency (e.g. $GBP). The increased FX risk exposure may 

be due to material political changes that are expected to happen prior to the deal closure (e.g. Brexit). 

The objective of the acquisition hedging strategy is to protect against the following risks: 

1. Hedging purchase price (PP) 

2. Hedging book value (BV) accounts 

This section presents a PP hedging example. The BV hedging example is presented in the next section. 

E.1.1 FX hedging timing 

The hedging timing is illustrated in the following diagram. 

Exhibit E.1 FX hedging strategy timing 

 

 

E.1.2 FX hedging strategy design 

General hedging considerations are summarized in the exhibit below. 

Exhibit E.2 General FX hedging strategy considerations 

Strategy  Description 

Acquisition financing  

Unwind existing hedges  

Deal  
announcement 

Hedging strategy  

design 

Highly probable 

deal approval 

Hedging strategy 

implementation 

Deal 

closure 
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Strategy  Description 

Deal contingent (DC) FX forwards  

FX call option  

FX forward  

A specific feature of acquisition hedging is that the following uncertainties need to be taken into account 

when designing a hedging strategy: 

1. Uncertainty in the deal closure 

2. Uncertainty in the deal timing 

Then the deal timing uncertainty can be managed by rolling over the hedging contract if the deal is still not 

closed on the hedging contract termination date.  

Deal uncertainty is more difficult to hedge and requires an OTC hedging contract with the bank. The problem 

raised by the deal uncertainty is that a forward contract provides a perfect hedge in the event if a deal 

closes but creates FX exposure to the Parent if the deal does not go through. Call option resolves partially 

the deal closure uncertainty since it hedges only the downside risk and regardless of whether the deal 

closes or not the Parent either receives the positive gain (in the upside scenario) or zero gain (in the upside 

scenario). However, because of the one-side exposure, the call options are typically expensive to use in 

hedging. Call option price however can be used as a reference price (upper bound price) for the DC forward 

since in the DC forward Parent does not have the positive gain in the upside scenario. 

The exposure to the FX risk in the acquisition transaction is illustrated in the diagram below. 

Exhibit E.3 FX exposure in the deal contingent transaction 

 

From the Worst Loss risk measure perspective, the optimal hedging strategy which minimizes the risk and 

is not deal contingent is the FX put option with the ATM FX spot price (strike price is set to current FX spot 

price). Exposure in the deal contingent transaction hedged by the ATM put option is illustrated in the 

diagram below. 

FX exposure if 
deal is closed 

FX exposure if 

deal is not closed 

FX spot 

price 

FX spot 

FX exposure 
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Exhibit E.4 FX exposure in the deal contingent transaction hedged by the ATM put option 

       

The blue line, which shows the exposure in the case if the deal is not closed, also represents the payoff in 

the put option transaction. Under the hedging strategy, the minimum payoff with respect to deal closed or 

not closed contingencies is zero for any FX spot price. Therefore, any alternative hedging strategy will only 

increase the ES risk measure. (Suppose, for example, that the strike price of the put option is set above 

the spot price 𝐾 > 𝑆 to reduce the price of the put option. Then the exposure equal to 𝑆 − 𝐾 is created for 

downward movement in the spot price. The decrease in the put option price does not offset the created 

𝑆 − 𝐾 exposure. 

If risk measure takes into account the probabilities of the deal closure and the probability that the deal will 

be closed is high, then the hedging costs can be reduced, for example, by selling the bull call spread. The 

exposure in this case is illustrated in the diagram below. 

Exhibit E.5 FX exposure in the deal contingent transaction hedged by the ATM put option 

       

The bull call spread creates exposure when the deal is not closed and reduces potential upside gain when 

the deal is not closed. On the other hand, it allows to reduce the cost of the hedging strategy. If the 

probability of the deal closure is assessed as high, then the exposure can be viewed as a reasonable price 

for the reduction in the hedging cots.   

E.1.3 Valuation of a DC forward 

As discussed above, a put option is the optimal strategy from the Worst Loss risk measure minimization. 

However, the put option is an expensive hedging strategy and the Bank can agree to sell a DC forward to 

hedge the FX price for a fraction of the put option price. 

FX exposure if 
deal is closed 

FX exposure if 

deal is not closed 

FX spot 

price 

FX spot 

FX exposure 

FX exposure if 
deal is closed 

FX exposure if 

deal is not closed 

FX spot 

price 
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E.2 Book value hedging 
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Appendix F Technical Comments 
  

  

In this section we provide some technical integration formulas used in the models described in this guide. 
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30 The paper is also published as Rode, D., P. Fischbeck, and S. Dean. “Residual Risk and the Valuation of Leases under 
Uncertainty and Limited Information”. Journal of Structured and Project Finance 7:4 (2002): 37-49. Online link to the paper: 
https://pdfs.semanticscholar.org/c517/301420d394a05698a876adfd74e541504758.pdf  

31 https://core.ac.uk/download/pdf/56707500.pdf  

32 Online link: https://www.researchgate.net/publication/254406042_Hedging_residual_value_risk_using_derivatives  

http://www.derivativeengines.somee.com/index-3.asp
https://pdfs.semanticscholar.org/c517/301420d394a05698a876adfd74e541504758.pdf
https://core.ac.uk/download/pdf/56707500.pdf
https://www.researchgate.net/publication/254406042_Hedging_residual_value_risk_using_derivatives
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