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Preface 
            

These discussion notes are an update to notes that I prepared in 2010. The issues discussed 

here are ones that we have pondered over the last 20 years, trying to model aircraft loans and 

leases quantitatively. In 1993, Jan Melgaard (then at PK) and I worked with Bo Persson in 

Sweden to develop an analytic model of aircraft loans that we called SAFE. This model 

evolved into a Monte Carlo simulation tool, Lending EDGE, that was taken into operation at 

PK in 2012 and validated under ISRS 4400 by Deloitte in 2013.   

 

I have now made some corrections and amendments to the 2010 notes, based on helpful feed-

back from industry practitioners and academics, expanded on maintenance value, and, based 

on the Monte Carlo technology, added a section on interrelationships among aircraft values, 

obligor default and interest rates to permit modeling of diversification effects, cross-

collateralization and portfolios.  

 

My work at PK AirFinance has taught me a lot about risks and rewards in aircraft finance, not 

least from the deep experience and insight of many valued customers and my co-workers here 

at PK and at GECAS, our parent company, but the views and opinions expressed herein are 

my own, and do not necessarily represent those of the General Electric Company or its 

subsidiaries. 

 

In preparing these notes, I have been helped by several people with whom I have had many 

inspiring discussions. I would like to mention in particular Bo Persson of Xice AB, 

Christophe Beaubron here at PK AirFinance, Seth Aslin (at the time with White Kite, now 

with HSBC), Professor Vadim Linetsky of Northwestern University, Professor Steven 

Golbeck of University of Washington, Professor Alessandro Gavazza of New York 

University, Mats Levander of the Swedish Central Bank, and Alan Picone (at the time with 

Deloitte, now with Kinetic Partners). None of these individuals have reviewed, nor approved 

the final text, so any errors or misconceptions are entirely my own. 

 

I would welcome any feedback, comments and ideas. 

 

Luxembourg, December 2013 

 

Nils Hallerstrom 

 

n.hallerstrom@pkair.com 

 

-------------------------------- 

 

 

 

 

 

 

 

 

 

mailto:n.hallerstrom@pkair.com


 5 

 

 

Abstract 
 

In these notes, I discuss how airline defaults, aircraft values, and interest rates can be 

forecasted and simulated. An aircraft capacity surplus/shortage cycle is defined and I discuss 

how this can be forecasted and simulated. Then we look at how this cycle may impact airline 

defaults, aircraft values, and maybe interest rates, and how it could cause correlation among 

those. We then turn to pay-off functions for aircraft loans and leases in the event of an airline 

default or contract maturity with an unamortized residual book value or non-recourse balloon 

payment. With the simulated scenarios or forecasted distributions of default probabilities, 

aircraft values and interest rates, knowing the pay-off function, I then show how the net 

present value of aircraft loans or leases can be modeled as probability distributions. From 

these distributions, I discuss how various measures for risk, value, and performance can be 

derived. I then discuss briefly how these measures could be used for pricing, structuring, 

underwriting, and valuing aircraft loans and leases, and how one could set reserves for 

expected losses. Finally, I point to an approach to analyze a portfolio of Aircraft Backed 

Loans, accounting for interrelationships among aircraft, obligors, and interest rates.      

--------------------------------- 

 
NB: These discussion notes are, by their nature, general and are not intended to be, nor 

should they be, relied upon as advice. Specific guidance and consideration should always be 

sought and applied to particular cases, circumstances, asset types, jurisdictions, etc. 
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Introduction 
 

When evaluating aircraft loans, it is typical to consider the cash flows from the disbursement 

of the initial loan amount, principal repayments, interest and margin payments, fees, and 

calculate the net present value (NPV) or the internal rate of return (IRR). In an operating 

lease, we take the initial purchase price of the aircraft, rental payments, interest, maintenance 

reserve payments and expenses, and the sales proceeds from a sale at the assumed residual 

value at the end of the lease term to calculate the NPV or IRR. Taxes, refinancing terms and 

capital rules can also be accounted for. Based on internal targets, terms can be structured to 

meet criteria to accept or reject a proposed transaction.  

 

The limitations with this approach are that 1) the contractual debt service or rental payments 

are sometimes interrupted when the airline defaults, 2) the aircraft value at the end of the 

term, or when a default occurs, is not necessarily what was assumed at the outset, and 3) the 

interest rate may change over time and thus affect the net present value. These uncertainties 

create risks - default risk, aircraft value risk and interest rate risk. Therefore, the NPV and the 

IRR are not static numbers, but ranges or probability distributions of possible outcomes. 

 

This paper will discuss how these uncertainties in airline survival, aircraft value and interest 

rates could be estimated, how we can establish the NPV/IRR as a distribution, and how this 

distribution can be used as a guide to structure, price, accept or reject a proposed 

transaction, how to measure the value of a risky loan or lease, or how to measure risk  for 

purposes of setting loss reserves or allocating capital. We first discuss stand-alone 

transactions with a single counterparty and a single aircraft. The issues around multiple 

aircraft and airline transactions, cross collateralization, portfolios, diversification, and 

concentrations, where the interdependence of aircraft values, airline defaults and interest rates 

come into play is briefly discussed at the end. We will ignore tax risks and operational risks.  

 

Fundamentally, future default events, aircraft values and interest rates are guesses we make.  

 

History  is a guide, but we live in an ever-changing world where economics, politics, and 

social patterns are shaped by humans and not by the time invariant laws of physics. The 

history of the jet age is so short that past events cannot possibly cover all possible scenarios 

of the future. Experience, judgment, and instinct will have to complement the historical data 

in order to make meaningful assumptions about future outcomes.  

 

Market prices of financial assets can also be a guide. Prices of Credit Default Swaps or 

Interest Rate Derivatives can help us make assumptions about default expectations or the 

evolution of interest rates. Prices of EETCs could reveal something about the marketôs 

aircraft value expectations, although default risk and interest rates will influence the price as 

well.  

 

However, even with the best data and assumptions, models alone will not be enough to 

succeed in aircraft financing. We will point to tools and concepts that can bring us beyond the 

static analysis where risk and reward are only accounted for in intuitive ways, and help us 

make faster, better, and more coherent decisions. Such models will help us be consistent 1) 

across transactions in how we view a particular airline or aircraft type, they will help us to 

be consistent 2) within transactions in how we weigh the impact of one feature against 

another, credit quality, loan-to-value ratio, aircraft quality, pricing and term structure, and 

blend all the moving parts of a transaction into a coherent picture, and finally, they will help 

us be consistent 3) over time.     
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Experienced transactors can evaluate features such as pricing, Loan to Value Ratio (LTV), 

desirability of an aircraft type, credit worthiness of the airline, and risk mitigants such as 

security deposits, first loss deficiency guarantees, or residual value guarantees etc. However, 

it is humanly impossible to intuitively trade one feature against another in a coherent and 

consistent manner. The relationships between the different features are non-linear, time-

dependent, and sometimes non-intuitive. The combinations of features are unlimited. This is 

why a model to structure, price and evaluate transactions can be very useful. The guess-work 

is broken down into the constituent parts of the deal, and the model will help us structure our 

thinking around a complex transaction. 

 

In the following, I will discuss how we can forecast airline defaults, future aircraft values, 

and interest rates, with associated probability distributions. We will look at how these 

properties are interdependent and what may cause this correlation. Correlation is problematic 

because when airlines default, aircraft values have a tendency to be low, and often interest 

rates are low, to a point where the interest rate swap we entered into to hedge our fixed rate 

carries breakage costs. We will then look at the pay-off distribution when we face default or 

maturity of a loan or lease with a remaining ñballoonò payment or a residual book value. 

With this, we can then build a probability distribution of the net present value of the cash 

flows generated by the deal under different scenarios. And finally, I will discuss how this 

probability distribution can be used to measure expected return, risk and value in a 

transaction. 

 

I will not prescribe any particular model, merely point to different approaches that are 

possible, and discuss shortcomings and opportunities. 

 

Financial models have taken some blame for contributing to the recent financial crisis. Any 

model is an incomplete description of a complex reality. It is important to understand the 

limitations of models, but also to understand the advantages they can offer. Whenever we 

decide to offer a loan or a lease on specified terms, we have implicitly made assumptions 

about what we think about the future. It is better to make those assumptions explicitly. A key 

to successfully operating a model is that input assumptions are honest and consistent. This is 

easiest to achieve when the same basic model is used for pricing, underwriting, as for 

portfolio monitoring. 
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Products 
 

Up until the 1970ôs, airlines would mainly finance their aircraft with equity and corporate 

debt. Loan to value ratios (LTVs) were around 50%, but the banks would primarily rely on 

the airline credit. With deregulation and increasing competition came a demand for financing 

to non-investment grade credits, and from this, asset-based lending and operating leasing 

emerged. Aircraft-backed finance can take many shapes and forms, but the idea is that the 

aircraft itself can be looked upon as a source of repayment, either at default or at the maturity 

of a financing, when the contractual obligation by the airline to pay debt service or rent has 

ended, but a residual amount is still outstanding. 

 

The estimated value of the current world fleet of commercial jet aircraft is around $520bn. 

New deliveries are valued at around $95bn per annum, so with re-financings, it is safe to say 

that aircraft finance is a $100bn+ business. The picture below shows examples of providers, 

product groups and product sub-groups.  

 

 
 

In the following, a couple of basic structures are discussed. There are endless possibilities to 

vary and combine, adding features, and structure the financings so as to obtain optimal risk-

reward properties, accounting treatment, tax implications, flexibility, optionality, and 

contractual solutions. 

 

Airline Loan  

 

The basic aircraft backed loan is directly to 

the airline, with full corporate recourse and 

secured by a mortgage over the aircraft as 

shown in the schematic to the left. Terms 

range from 3-15 years and the loans are 

typically amortizing. LTVs range from 

60% to 85%. The currency is often US $, 

lenders find comfort in lending in the 

currency that, by convention, is the 
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currency in which prices of aircraft are 

quoted and traded. For carriers with little 

or no US $ revenue, this constitutes a 

currency mismatch. Baskets of currencies 

could well minimize the mismatch, both 

for the debtor and the creditor. 

 

Operating Lease 

 

The Operating Lease is a rental agreement 

where the airline (the Lessee) pays for the 

possession and usage of the aircraft over a 

contractual term.  The periodic rent is 

meant to cover economic depreciation, 

interest and a return to the Lessor who is 

the owner of the aircraft at all times. 

Supplemental rent is often paid to cover 

maintenance expenses. The operator pays 

all other operating costs. The term is 

typically 3-12 years. At the end of the 

lease term, the lessee has to meet specific 

return conditions with regard to the 

maintenance status, so that the aircraft can 

be leased out again to the next operator. 

 

Finance Lease 

 

In a Finance Lease, the airline typically 

pays a sizeable first rental, the term is 

longer than for an operating lease, and the 

lessor has granted the lessee a fixed price 

purchase option at maturity.  

 

In economic terms, the Finance Lease is 

equivalent to a loan with a non-recourse 

balloon, but differs in legal terms in that 

the creditor keeps legal title until the call 

option is exercised, rather than having a 

mortgage over the aircraft. 

 

 

 

Non-recourse Investor Loan 

 

An Investor Loan is a loan to the owner of 

the aircraft, but not the operator. Instead, 

the investor leases the aircraft to the 

airline. In addition to the mortgage over 

the aircraft, the lender gets an assignment 

of the lease as security. The cash typically 

flows directly from the lessee to the lender. 

When the borrower is a Special Purpose 

Company (SPC), the balloon payment 

effectively becomes limited recourse, and 
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the lender looks to the value of the aircraft 

as the source of  final repayment. 

 

Pooled Investor Loan 

 

In a pooled investor loan, the investor (or 

SPC) owns several aircraft on lease to one 

or more airlines. The advantage to the 

lender is that the diversification of aircraft 

and lessees reduces risk. The risk of all 

aircraft being run out at the same time and 

every obligor defaulting at the same time is 

remote.  Cross-collateralization of the 

leased aircraft reduces risk even further.  

 

 

 

 

 

Syndicated Investor Loan 

 

The syndicated investor loan simply means 

that the loan is provided by several 

lenders. The roles of loan agent and 

security agent are sometimes split up in 

two. 

 

In this case, the lenders rank pari-passu in 

the ñwaterfallò, meaning that the proceeds 

from the collateral following an 

acceleration event or at maturity are split 

between the lenders according to their 

share of the loan , up to the amount of the 

claim. (See further the section on Default.) 

 

 

Tranched Investor Loan 

 

The waterfall at Default could also be such 

that a senior lender gets all the proceeds 

until its exposure is fully repaid, whereas a 

junior, or sub-ordinated, lender only gets 

repaid when the senior is fully paid out. 

The junior position hence carries more 

risk, and warrants a higher return. 
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In any of these structures, the loan can take the form of a bond, which is easier to trade, and 

issued into the capital markets. 

 

The repayment profile is sometimes referred to as the term structure. Aircraft backed loans 

are typically amortizing. The amortization profile can either be ñstraight-lineò, with equal 

amounts of principal paid back in each payment period, or ñmortgage-styleò or ñannuity 

styleò where the sum of principal repayment and interest is level. Obviously, any profile is 

conceivable, such as ñhigh-lowò, ólow-highò, ñbulletsò (zero principal repayment until 

maturity) or seasonally adjusted debt-service. When the final repayment at maturity is higher 

than the prior periodic payments, it is referred to as the ñballoonò. The balloon can either be 

recourse (it is the borrowerôs obligation to pay), or ñnon-recourseò, or more aptly, limited 

recourse (to the asset). The non-recourse nature of the balloon is present when the borrower is 

a SPC, or in an airline loan, the lender grants the borrower a put option on the aircraft at a 

strike price at the balloon amount, or in a finance lease, when the airline has a call option on 

the aircraft. The pictures below illustrate the terminology. 
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Default 
 

What is Default? 

 

When modeling the value or risk of an aircraft backed loan or lease, we need to estimate the 

probability of default by the airline over the tenor of the transaction. 

 

A loan or lease contract will define contractual default in unambiguous terms, and specify 

the remedies available to the Lender/Lessor (Creditor). Events of Default typically involve 

late payments or the breach of various covenants (technical defaults). A contractual default 

gives the Creditor the right, after the cure period has lapsed, to accelerate a loan (thus 

becoming immediately due and payable) or terminate a lease. 

 

A failure by the Borrower/Lessee (Obligor) to make payments as they fall due is a payment 

default.  

 

After a default has occurred and not been cured, the creditor may exercise various remedies, 

including taking (or threatening to take) legal action and repossessing the aircraft. 

 

It is sometimes difficult to establish if a late payment is due to INABILITY  or 

UNWILLINGNESS  to pay. There are a number of reasons why a late payment is not 

necessarily due to a general inability of an obligor to meet its financial obligations such as 1) 

inadequate administrative payment procedures, 2) commercial disputes between the creditor 

and the obligor, 3) a way to call the creditor to the negotiating table to restructure contractual 

terms, 4) an attempt to manage a temporary liquidity squeeze in the hope that the creditor will 

be patient or slow to take enforcement action. 

 

If the creditor is vigilant in its collection effort, and the jurisdiction is well functioning, an 

obligor who is merely unwilling to pay will be forced to cure the payment default. 

 

If the obligor is unable to meet its payment obligations in a timely fashion, it is illiquid. The 

obligor may then be forced by the creditors into bankruptcy and a potential liquidation of the 

business. If the obligor has liabilities that exceed the value of its assets, it is technically 

insolvent. This condition may lead to illiquidity.  

 

In many jurisdictions, an obligor that becomes insolvent may instead seek protection from its 

creditors in court for an interim period and reorganize the business within the allotted time 

frame. Some obligations may be met in full and others rejected. For example, under a US 

Chapter 11 Bankruptcy procedure, an airline may decide to affirm an operating aircraft lease, 

or to cure an aircraft backed loan. If not, the creditor will repossess the aircraft.  

 

An obligor could attempt to reorganize outside court, in a negotiation with all or some of its 

creditors. For smaller companies with few creditors, this out-of-court procedure may be 

preferable as it would undoubtedly be faster and less costly than an in-court process.  

 

A bankruptcy filing or an out-of-court restructuring of the obligorôs liabilities must be labeled 

a corporate default in the sense that this can only be achieved if the court or the creditor 

group viewed the obligor as insolvent and truly UNABLE  to meet its financial obligations in 

full. The corporate default is a state of the obligor rather than a specific loan or lease contract. 

This state is true even if some specific loan defaults have been cured or lease contracts have 

been affirmed. As the liabilities are restructured, the old obligations as they stood before 

restructuring are restated, modified or eliminated. Since everything is up for negotiation, 
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under current market conditions, for modeling purposes, any continuing obligation must be 

seen as a new contract, even if the agreed terms remain unchanged. 

 

When we try to estimate probabilities of default to be used in value and risk models, it is 

helpful to look at historical defaults. It should be straightforward to identify ex-post those 

obligors that have suffered a corporate default among large public companies. It is more 

difficult to do this for small and private companies. Historical payment records will help, but 

the distinction between payment defaults that were cured by solvent companies and corporate 

defaults by insolvent ones requires data that is sometimes unavailable or inaccessible. 

 

In credit risk modeling, we have to model the probability of default ex-ante, and such an 

event must have a precise consequence within the analytical framework of the model. In 

almost all academic literature, the analytical consequence of a corporate default on a loan or 

lease is a stop in payments and a termination of the transaction. Corporate default is looked 

upon as an absorbing state ï there is no way out.  

 

When modeling asset backed loans or leases, we could assume that the consequence of 

default is a repossession of the asset, and in the case of a loan, the sales proceeds from the 

asset applied to reduce or discharge the loan balance, and in the case of a lease, the sales 

proceeds paid in full to the lessor. (A lender may force a sale of the aircraft. A lessor will 

either sell the aircraft following a repossession or, more typically, keep the aircraft and lease 

it to a new lessee.) 

 

This is a simplifying assumption. In reality, as we have seen above, the reorganizing 

company may cure a loan default or affirm a lease and the transaction continues. However, it 

would be mathematically impossible in any multi-period model ex-ante to measure the post-

default value or risk in a surviving loan or lease. There is no explanatory model that would 

help establish what the probability of default would be post-corporate default and post-

reorganization. The question then is if this simplifying assumption of the model limits its 

validity. 

 

In the case that the insolvent obligor reorganizes, and the particular loan default is cured or 

lease affirmed, the analytical consequence of this course of events is the same as in the 

crystallization of the asset position described above. Under a loan, it is reasonable to assume 

that the loan default will be cured if the aircraft market value exceeds the outstanding loan 

balance, but this outcome is equivalent to a repossession with a sale at market value that 

discharges the loan in full ï namely no loss. Under a lease, it is reasonable to assume that a 

lease will be affirmed if the contractual rent is lower than the prevailing market rent, but this 

outcome could be no more advantageous for the lessor than a repossession with a new lease 

on market terms ï either way, no loss would occur.  

 

Note that the specific transaction costs related to a repossession should not be counted in the 

case of cure or affirmation. 

 

For modeling purposes, we assume that there are no arbitrage opportunities between leasing 

and selling an aircraft. If it was known that leasing would be a better alternative than selling, 

the market lease rent would go down and the market price for the aircraft would go up until 

the arbitrage opportunity had vanished. This does not imply that lessors cannot make money 

by leasing aircraft, it just means that in the world of a model, the lessor is able to cover costs 

and receive a fair compensation for the risk of owning the aircraft. The assumption of no 

arbitrage, in combination with an assumption that the lessee acts rationally (i.e. will only 

affirm the lease if the contractual rent is lower than market rent), means that the value of the 

aircraft with the re-affirmed lease attached is bounded upwards by the value of the aircraft 

itself, without a lease.   
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There are obviously examples where ñunder waterò loan defaults have been cured and leases 

affirmed. Market information is imperfect. Asset markets are not always efficient ï the 

operator may find that a specific aircraft has a higher value to them in use than the general 

market value (due to specifications, interior configuration or fleet commonality), and 

replacement assets may not be available without undue business interruption and transaction 

costs. But it would be difficult to analytically model this.  A cure or affirmation of an ñunder 

waterò asset may also be the result of a broader agreement between the creditor and the 

obligor involving other assets, or the extension of additional credit or providing additional 

assets. A single asset model can obviously not take those complexities into account. 

 

Predicting Default 

 

There are several ways to estimate the propensity of an obligor to default.  

 

In an expert system, the estimate is a personôs expertise and subjective judgment based on a 

set of key factors. This approach lacks consistency and objectivity.   

 

In a credit scoring model, a set of key factors are identified that are believed to affect the 

probability of a default. Metrics based on the companyôs financial statements, management 

track record and processes, competitive position, market and regulatory environment and 

others are scored individually and weighted into an overall credit score or grade. By looking 

at scores of other obligors from the past and calibrating the weights with empirical default 

observations, using various regression techniques, we could estimate a default probability. 

Continuously updating the weights against new empirical data will make the system self-

learning. 

 

In a structural  model, the risk of insolvency can be gauged by observing an obligorôs equity 

price and volatility and thereby forecast the probability of the value of an obligorôs assets (= 

equity + liabilities) becoming less than a given default barrier. The mathematics of this 

approach is related to pricing options, where the shareholders of a company can be seen as 

holding a call option on the companyôs assets. An example of this is approach is Moodyôs 

KMV.  

 

In reduced-form  models, the default risk is observable in the market price of an obligorôs 

traded debt instruments or credit derivatives. The return on the instrument can be split into a 

risk-free rate plus a risk premium. In the calculation of default probability, we would have to 

make assumptions about the recovery at default as well as the market price of risk. In a way, 

the reduced form model is like running a debt-pricing model backwards and solving for 

default risk.   

 

The two latter methods require that the obligor has securities outstanding that are publicly 

traded. 

 

These methods can also be combined in various ways. Few airlines are public or rated by 

rating agencies, so lenders and lessors typically develop internal systems. 

 

Default is relatively frequent among airlines. Figure 1 below shows ratings from Moodyôs 

KMV for public airlines between 1989 and 2009. The one-year Expected Default Frequency 

that KMV publishes has been mapped to rating buckets used by Standard & Poors. Around 

75% of publicly listed airlines have been below investment grade (<BBB).  
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Figure 1. Histogram showing the distribution of  S&P equivalent rating using monthly 

Moodyôs KMV EDF for airlines 1989-2009. 

  

Some systems use the probability of default-within-one-year directly as a credit grade. 

Discrete grades can be mapped to one-year default probabilities. As aircraft backed loans and 

leases often have tenors of 5-15 years, the default probabilities must be estimated over the 

full term. There are several different ways to do this. In a structural or reduced-form model, 

the mortality term structure can be derived directly.   

 

In credit scoring models, we can use empirical data. In the figure below, an example of an 

average one-year transition matrix is shown. This matrix was published by a rating agency 

and covers data over 25 years. The center diagonal shows the probability that an obligor will 

keep its rating grade within one year, and the matrix also shows the one-year probability that 

an obligor will transition from one grade to another. As this data is collected across many 

different types of industries, there is no assurance that the matrix is representative for airlines.           

 

 
 

Figure 2. One year rating transition matrix compiled by a major rating agency for 

corporates. The matrix shows the empirical probability of transition from one rating grade to 

another.  
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BB 0.04% 0.09% 0.36% 5.79% 83.3% 8.09% 1.03% 1.32%

B 0.00% 0.08% 0.23% 0.32% 5.88% 82.3% 4.77% 6.44%

CCC 0.09% 0.00% 0.35% 0.45% 1.50% 11.1% 53.5% 33.0%

default 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 100%
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From the matrix above, we have the one-year probability of default. If we assume that the 

intensity of default is constant over time, the term structure of the survival is an exponential 

decay. The probability of survival (=1-probability of default) is graphed below.   

 

 
Figure 3. Survival curves for different rating grades assuming the one year default intensity 

is constant over time. 

 

If we assume that the matrix remains unchanged year over year, we can multiply the matrix 

with it self to get to the two year matrix, and so on. We can then graph the cumulative 

probability of default over time (=1 ī probability of survival), as shown in Figure 4 below. 
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Figure 4. Survival curves for different rating grades assuming the one year transition matrix 

is constant over time. 

 

The same rating agency also published the cumulative average default rates directly, and the 

survival/default probabilities are shown below. 

 

 
Figure 5. Empirical survival for corporates based on the same data set that was used for the 

rating transition matrix above.  
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The three methods give somewhat different results. The assumption of stable default intensity 

over time as well as the assumption of stable rating transitions are not really correct. We 

know that defaults tend to cluster around economic downturns. The empirical cumulative 

survival/default data is based on long term averages and may be outdated by the time enough 

data has been collected, and airlines may behave differently from other industry sectors. 

However, the charts give some idea of the shape of the survival term structure. We will 

address the issue of clustering in the section on the cycle.     

 

How good are your predictions then? The challenge here is to compare a forecast that is a 

rating grade or a probability of default at various times to an outcome that is binary. Either 

you default, or you donôt. One could track the average cumulative empirical default rate by 

rating cohort and horizon and verify how well this corresponds to the predicted 

survival/default term structure. But it would take many years and obligors to gather a 

meaningful amount of data over a long enough horizon. 

 

A shortcut is to look at two separate aspects of the rating system: 

 

1) how well does the rating system discriminate between the defaulters and 

survivors? and; 

2) how well is the rating system calibrated to the overall level of default? 

 

The power of discrimination over a specific time horizon can be measured by comparing the 

distribution of all survivors and defaulters by their assigned rating rank. Around a given 

rating level (the blue vertical line in Figure 6), we can measure the probability of a true 

positive (P(TP)) (the obligor survived and the rating was above the cut-off rating, the green 

striped area in Figure 6) and the probability of a false positive (P(FP)) (the obligor defaulted 

but the rating was above the cut-off, the red striped area in Figure 6).    

 

 

 

 
Figure 6. Distribution of rating grades one year prior to the determination point for 

defaulted obligors and non-defaulting obligors. Without overlap, the ratings would have 

discriminated perfectly.  

 

We now move the cut-off rating rank along the rating axis, and trace a curve of the 

probability of a true positive against the false positive. We get the dark blue curve in figure 7. 

The light blue line shows a random system without any discriminatory power. In a perfect 

system, the defaulter distribution would be completely to the left of the survivor distribution 

with no overlap and the curve in Figure 7 would follow the vertical axis and P(TP)=100%.  
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Figure 7. The ROC curve showing discriminatory power. 

 

This curve is called the ROC curve (Receiver Operating Characteristic ï from signal 

detection theory). The accuracy is expressed as the area under the dark blue curve, so 0.5 

means no predictive power and anything above means better power, with 1 being perfection. 

 

In a quantitative model, we must also assure that the projected probabilities of default are 

calibrated to actual levels. This can be done over time for different time periods; over a 

specific horizon; or on average, over a number of periods. 

 

Default is a binary outcome. If we assume that we will hold the loan or the lease to the end, it 

only matters if the obligor defaults or not. If we would try to model today what the value of 

the transaction could be at various points in the future, we would need to look at how the 

obligor rating could evolve over time.     

 

The Cost of Default 

 

A default event will entail costs for the creditor. The distress leading up to default will 

undoubtedly consume management attention. Additional time and resources will be spent 

when the default occurs, and most likely, additional legal fees and expenses will be incurred. 

In the event of enforcement, there will be costs associated with repossession, repair  and 

remarketing (rrr cost) . Repair involves bringing the aircraft up to a technical condition to 

allow remarketing as well as obtaining or reconstituting technical records. This will often 

require maintenance to be performed earlier than would have been the case had the aircraft 

remained within the operatorôs fleet. Remarketing will involve the sale effort as well as 

bringing the aircraft up to the specification required by the buyer (or a subsequent lessee). 

 

Apart from the resource costs, there is the capital cost for downtime during the delay 

between enforcement and final sale. This period varies greatly from jurisdiction to 

jurisdiction, and from case to case. The capital cost consists of interest carry and economic 

depreciation of the aircraft. 

 

It is very difficult to predict what the actual costs will be in a default. The probability of non-

cure/affirmation can be estimated based on jurisdiction and value of the obligorôs contingent 
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cure/affirmation option. The rrr cost is driven by aircraft type and jurisdiction whereas the 

downtime cost is often mainly jurisdiction specific. For example, how efficient the court 

system is, how co-operative the aviation authority is to deregister the aircraft and how easy it 

is to export the aircraft from the place it was repossessed. The expected cost has to be added 

to the exposure at default and the dispersion of this cost is relevant in a valuation model as 

well. 

 

It is hoped that the Cape Town Convention (CTC) will bring a faster resolution of 

enforcement efforts by having expedited and firm timelines for courts to order repossession, 

and for aviation authorities to deregister and process export of the aircraft. This could 

significantly reduce the risk for the creditor and allow tighter credit margins or lower lease 

rentals in jurisdictions that have ratified the CTC.       
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Aircraft Values 
 

Aircraft are depreciating assets and their values are volatile and uncertain. Both these 

characteristics are illustrated in Figure 8 below. It shows historical resale prices for 

commercial jet aircraft that are inflation adjusted and as a percentage of the estimated new 

price by age at the time of sale. The data was collected from 1974 to 1998. The solid red line 

is the trend line through the scatter.  

 

 
Figure 8. Scatter plot of constant dollar resale prices as a percentage of new price for jet 

aircraft collected 1974-1998. The dataset contains about 4,000 data points. Some sales may 

have had leases attached to the aircraft.   

 

A similar picture is seen in the Figure 9 below. These are inflation adjusted and normalized 

appraised values from Ascend for various jet types collected from 1974 to 2009. The thick 

blue line is the median with percentiles representing 1, 2 and 3 standard deviations. 
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Figure 9: Constant dollar Ascend current market values as a percentage of delivery year 

value. The blue line is an average over all types and vintages. The gray lines shows 

percentiles one, two and three standard deviations out.   

 

What Does Value Mean? 

 

Before we go too deeply into a discussion of values, let us discuss what ñvalueò means. For 

purposes of modeling an aircraft loan or lease, we need to understand what the current 

market value (CMV) is for the aircraft. This is a spot market value. A price that was 

contracted at a prior time is irrelevant for the value now. The aircraft is ónakedô, in other 

words no lease, encumbrance or other contract is attached. 

 

The CMV is different from a base value, which is some kind of ñthrough-the-cycleò value, 

unaffected by imbalances in supply and demand or business cycles. Nobody trades at base 

values, but it may be a helpful concept to construct CMV projections. It is difficult to 

estimate base values in real time, it is really a long-term trend line that cuts through the ups 

and downs of the CMV. 

 

CMV is not a distressed sale value. There are times when the sale-for-cash market is 

extremely illiquid, and actual sales prices are discounted heavily. In those times, a seller may 

need to offer vendor finance. In ISTATôs (International Society of Transport Aircraft 

Traders) definition of CMV, it is assumed that the asset is valued for its highest, best use. 

This is a somewhat dubious assumption since it is rare that all aircraft can always be expected 

to find a role in their highest and best use. In fact, older aircraft may well find gainful 

employment by flying very few hours ï at peak periods or as back-ups. The higher operating 

costs may not matter much as long as the ownership cost is low. 

 

For modeling purposes, we should think of CMV as the price a lessor could pay for an 

aircraft and expect to make a fair return on investment over the medium term. A lessor or 

lender always has the option to lease out rather than sell a repossessed aircraft if the sale-for-

cash market is shut down. The leasing market is almost always more liquid than the sale 

market (albeit soft sometimes). 
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Bear in mind that a fair return reflects risk and the market price for risk fluctuates over time. 

In a normal and liquid market, this value should be close to what one could expect to sell an 

aircraft for provided that there is a willing buyer and a willing seller with neither under duress 

to conclude a transaction immediately.  

 

Depreciation 

 

An aircraft depreciates for at least two reasons. Firstly, an individual  aircraft deteriorates 

physically over its life. The engines and airframe will require progressively more 

maintenance as they age, with associated increases in the cost of labor, parts and down time. 

An airframe will also pick up weight over its life and suffer from increased drag due to 

repairs and dirt. This causes escalating absolute operating costs. Secondly, the aircraft type  

will eventually face increased competition from more modern aircraft with superior 

economics thanks to improvements in performance, fuel burn, crewing, systems, 

aerodynamics, weight etc. 

 

New aircraft types with superior performance may also come at lower prices (in real terms at 

least). As the manufacturers find that it becomes ever more expensive to build in another 

percentage point of improved operating efficiency, the attention turns to how to manufacture 

the same aircraft at less cost. Transitions from propellers to jets; analogue to digital cockpits; 

three to two people crews; lighter weight materials; low-bypass to high-bypass ratios; and 

metal to composites, are all product improvements making the aircraft more productive. 

Manual assembly to robots; riveting to bonding; and just-in time logistics; are all process 

improvements making the aircraft cheaper to manufacture.  In both cases, the existing aircraft 

will lose out. This obsolescence will result in escalating relative operating costs. Both of the 

above will lead to a relative reduction of  the cash flow generating capacity of the aircraft. 

 

The theoretical value of the aircraft is the net present value of all the future cash flows that 

can be generated from the operation of the aircraft. Although aircraft do not have a limited 

technical life, their economic life ends when a positive net cash flow can no longer be 

generated. 

 

If we take the PV of a cash flow stream that diminishes over time, we will get a similar shape 

to the charts above. In reality, it is impossible to forecast the cash flows from the operation of 

an aircraft type since different operators have different cost and revenue structures. We are 

trying to capture a market value for the aircraft, so the specific cash flow scenario of one 

operator is not relevant. But the theoretical analogy is useful to establish a basic shape of the 

depreciation pattern. It is also useful to measure for example sensitivity to fuel prices or fare 

levels in comparative analysis between different aircraft types. 

 

It is important to understand that between the two drivers of depreciation, one is related to the 

age of the aircraft and the other is related to the modernity of the type. Investing in aircraft 

delivered close to the end of their production runs has rarely been a successful strategy! An 

illustration of this is shown in Figure 10 below. 
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Figure 10. Relative constant dollar Ascend CMV for earliest and last vintage of the MD-83. 

Note that the early vintage has substantially better value retention. 

 

 

Inflation  

 

The charts above show value patterns in constant dollars. In reality, we face inflation. By 

inflation, we are not just talking about the escalation in aircraft prices, but about the erosion 

of the value of the currency. High inflation in the late seventies and eighties fueled the 

growth in aircraft leasing, when aircraft values sometimes kept rising in nominal terms. To 

forecast the value of an aircraft, we need to forecast the rate of inflation as well. (See section 

on Interest Rates).  

 

A word on currency: by convention, aircraft prices are traded and priced in USD. That does 

not make an aircraft a ñdollar assetò in the sense that hedging an aircraft on the asset side of 

the balance sheet does not imply a liability in USD. 

 

There was a time when the USA had the lionôs share of the world fleet, but today the USA 

represents less than 25% (in value terms) of the world fleet. If the USD were to devalue by, 

say, 50% against all other currencies over night, aircraft would become much cheaper to all 

buyers outside the USD zone, and demand would increase, hence, prices, expressed in USD, 

would rise. This would obviously drive inflation in USD. The impact of inflation on aircraft 

values is illustrated in Figure 11 below. 
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Figure 11. Ascend Current Market Value in nominal and inflation adjusted dollars. Note how 

big the impact of inflation was over this time period on value retention. 

 

 

Maintenance Value 

 

An important part of the value of an aircraft is its remaining maintenance status. As a new 

aircraft goes into operation, flight hours and flight cycles will be consumed against time- and 

cycle limited components of the engines and airframe. Major overhauls have to be performed 

within mandatory intervals. Subsequent overhaul, inspection, and restoration events tend to 

become ever more costly as the work scope and repair needs increase. The depreciation curve 

of a new aircraft will have a slope over the first three to five years reflecting the transition 

from a new aircraft to a ñhalf-timeò aircraft. The difference between a full value and the half-

time value may represent over 15% for a new aircraft (somewhat theoretical as a new aircraft 

always has full potential, but still meaningful as a construction point for a value path 

projection), and increase significantly with age. For current aircraft types, we assume that 

maintenance value equals maintenance cost. 

 

Airframe Maintenance 

 

The airframe typically needs to be overhauled at set calendar time intervals. Some types are 

overhauled from zero time status to full-time status, whereas other types undergo ñphasedò 

checks, where some of the work scope is performed during intermediate events.  Minor 

checks, sometimes called A- , B-, or C-checks can probably be ignored in the modeling 

exercise. The heavier check, the D-check, is significant. For newer generation aircraft, the 

checks are often referred to as time due, 8YE check / 12YE check.  For simplicity, landing 

gears and auxiliary power units can be grouped with the airframe for maintenance value 

purposes. 

 

The relative maintenance value can be illustrated in a ñsaw-toothò diagram as per Figure 12 

below. 
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Figure 12: The maintenance value for the airframe and landing gear status illustrated for a 

type that has phased checks (green line), and one that has complete checks (blue line). 

 

 

Engine Maintenance 

   

Engine maintenance can be split in two parts: 1) Replacement of life-limited parts (LLPs), 

mainly discs and shafts that have hard limits, typically based on flight cycles, and 2) 

Refurbishment of the engine, repair and replacement of fan-, compressor-, and turbine-

blades, guide vanes, casings, combustion chambers, bearings and gear box, to be repaired or 

replaced based on condition, and  typically paced by flight hours and operating conditions.  

 

 
 

Figure 13: A cut-out of the GEnx engine. Note the large fan and high by-pass ratio, and the 

discs with compressor- and turbine blades. 

 

A modern jet engine often consists of four (or more) modules, the low pressure compressor, 

the high pressure compressor, the high pressure turbine and the low pressure turbine as 

shown in the schematic below in figure 14. 
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Figure 14: A schematic of the modules of a jet engine with the low pressure compressor 

(LPC), the high pressure compressor (HPC), the high pressure turbine (HPT), and the low 

pressure turbine (LPT). 

 

The condition of the engine is monitored by measuring the temperature of the exhaust gas 

(EGT). An engine in good condition converts a large part of the thermal energy from the 

combustion of kerosene into mechanical energy, but as the blades get worn by impurities in 

the air, turbine blades oxidize, and cooling channels clog, the engine loses efficiency, and the 

exhaust gas temperature increases and approaches the Exhaust Gas Temperature limit. The 

time to reach this limit depends on operating conditions such as thrust settings, outside air 

temperature, take-off elevation, foreign object ingestion, and air quality. The operator expects 

a certain time (flight hours) on wing, but this is subject to some random variation. The 

removal of the engine from the wing, and the induction into a shop-visit can be predicated by 

either hitting hard cycle limits on the LLPs or approaching the ñEGT marginò, the primary 

measure of engine health. Depending on the engine make, some LLPs will need replacement, 

but others will have remaining life, and some modules will need refurbishment while others 

can be left to a future shop visit. It is an artful exercise to optimize the shop visits and decide 

what ñbuild-standardò the engine should be overhauled to. LLPs with some remaining life 

could be replaced to avoid too short a time on wing until the next shop visit, and sold in the 

secondary market. The build standard should be optimized with respect to life time cost, 

financial considerations, and operational requirements. Typically, long haul aircraft hit 

refurbishment limits first, while LLPs is the limiter on short-haul aircraft. 
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Figure 15: The maintenance value for the engine LLP status between various shop visits. 

 

The flight mission in terms of flight hours per year, fli ght hours per flight, and the operating 

environment will determine the maintenance event planning. Obviously, this is subject to 

some variability, both among operators and for a given aircraft individual. The chart below 

shows an example of the refurbishment and the LLP status of an engine.  

 

 
Figure 16: The first limiter will determine the time for the first shop visit of an engine. It is 

then a matter of optimization how to build up the engine for the second and third intervals. 

 

For a young aircraft, it is reasonable to assume that maintenance value equals maintenance 

cost. However, as an aircraft ages, and an aircraft type matures, the market may become 

flooded with second hand spare parts and engines with remaining ñgreen-timeò. A tell-tale 

sign is when the half-time current market value for the aircraft becomes less than 50% of the 

total maintenance cost for a full overhaul, and engine shop visit. At this point, it is clear that 

the maintenance cost no longer equates maintenance value. 
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Figure17. Scenario of combined maintenance value stemming from airframe overhaul, 

engine overhaul, and engine restoration.  

 

Maintenance Reserves 

 

Leases, and sometimes loans, often have provisions that require the operator to pay 

maintenance reserves based on months, flight cycles and flight hours to cover future 

maintenance costs. This is primarily a risk mitigant in case of default. To avoid issues in 

bankruptcy, such reserves are often substituted by ñsupplemental rentò. These are normally 

collected on a monthly basis and on submission of the relevant claim, when certain defined 

work is accomplished, the operator will be refunded the cost. Some engine manufacturers or 

third party maintenance providers offer ñpower-by-the-hourò deals where the maintenance is 

provided against pre-agreed usage fees. 

 

Lease agreements specify return conditions to assure that the aircraft has some remaining 

flying life before a next overhaul or shop visit. This also facilitates the transition to the next 

operator/lessee.  In cases where maintenance reserves are not payable, the return conditions 

typically specify a restoration to delivery condition, or a monetary adjustment  to compensate 

for the deviation from delivery condition. This is mainly available only to credit worthy 

airlines. 

 

Scrap 

 

Aircraft do not really have a limited technical life. Certification conditions may set absolute 

limits but these often get extended as a type ages and more operating experience is gained. 

Aircraft do, however, have a limited economic life. As the operating direct costs equal or 

exceed the cash generating capability of an aircraft, it will become economically obsolete. 

The last life in the aircraft is often the remaining flight hours and cycles under the 

maintenance program. After these have been expended, an aircraft will be scrapped. 

Components and parts may be used as spares, and the carcass goes to the smelter. In some 
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cases, aircraft are scrapped earlier, mainly because the parts for spares are in high demand. 

We have seen this recently for some short gauge variants of aircraft with more popular, larger 

variants in the family and with a high degree of parts commonality. We will revisit the 

ódeathô scenario in the section on the cycle.  

 

 

Volatility  

 

The charts on resale prices and appraised relative value retention show, apart from 

depreciation, variation evidenced by the wide scatter of resale points and broad percentile 

bands. This variation reveals three principal features around aircraft values: 

 

1) Some aircraft retain their values better than others; 

 

2) Aircraft prices are not public and two transacting parties could settle for two different 

prices for two identical aircraft at the same time, hence we have instantaneous price 

uncertainty, and; 

 

3) Aircraft values swing with changes in supply and demand over the business cycle.  

 

This volatility is a key driver of risk in any aircraft lease or loan. 

 

 

Value Retention 

 

We can use history as a guide to see patterns of depreciation, but in the game of aircraft 

financing, the prize will go to those who can guess which aircraft types will best retain value 

into the futureðand that is probably more an art than a science. Some characteristics that will 

be helpful to value retention of a type are currency: superior operating performance, lower 

operating cost, durability of structure, systems and components, mission capability well 

matched to market requirements, flexibility in configuration (cargo convertibility etc.), 

availability and cost of aftermarket support, regulatory compliance (safety, noise, emissions, 

and age related importation restrictions), and liquidity: number of units delivered, number of 

operators, order backlog, and dilution (absence of concentration). Aircraft that were delivered 

late in their production cycle will depreciate faster than those that were delivered early. The 

very early ones may suffer from excess weight and other early batch issues. However, when 

we forecast, although history teaches us that early deliveries should have better value 

retention, we will not yet know if a new type will display the currency and especially the 

liquidity as mentioned above. Therefore, new types may carry more risk than more mature 

types.      

 

Price Uncertainty  

 

Unlike stocks and bonds, aircraft are not traded on public exchanges with prices displayed in 

real time on computer screens. Aircraft trades are private and the prices are rarely disclosed 

publicly. If we ask 12 appraisers what the value is of an aircraft is today, we will get 12 

different answers. They may have captured different data points, lack data points and make 

estimates, or infer from similar, but not identical, aircraft. 

 

Almost all new aircraft and many used ones are not traded on the spot market, but on the 

ñfuturesò market. The price is negotiated and agreed some time before the delivery, in many 

cases years ahead. Many aircraft are traded in bulk and would presumably benefit from a 

wholesale discount. Very often, the aircraft is sold with a lease attached, a financing 
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commitment or guarantee support, with spare parts, warranties, credits, or other attachments 

that may add or detract value from the ñnakedò aircraft. 

 

Aircraft may trade in a two-way exchange, and the price will not necessarily be reflective of 

the ñnakedò spot value. No two aircraft are identical, specifications or availability in time 

may be more or less suited for a specific buyerôs requirement, all of which will affect the 

price a buyer is willing to pay. Appraisers typically state that their valuation assumes a 

willing buyer and a willing seller, under no duress. That assumption rarely holds. Again, this 

price uncertainty increases the risk in the loan or the lease. 

 

 

Cyclical Swings 

 

When air traffic growth is strong or when availability of aircraft is scarce, values of aircraft 

rise and vice versa. If the supply and demand would always be in balance, we could assume a 

kind of ñbase valueò for an aircraft. 

 

In reality, if we track historical aircraft values over time, it is evident that the values swing 

widely around the long-term trend-line. It is also evident that these swings are strongly 

correlated between different aircraft types although the amplitude of the swings will vary.  

 

Larger and older aircraft tend to have larger relative swings. Larger aircraft (the size relative 

to other aircraft that are designed for similar range/capacity missions) are cycle sensitive 

because when the traffic demand is weak, they are harder to fill. When the traffic is strong, 

they are easy to fill and the operator can make lots of money. Figure  below illustrates this 

difference with the example of a DC-10-30ER and a B737-800. The swings are measured as 

the deviation from a trend line that was calculated as a spline across the appraisal time series 

from Ascend. The B737-800 has swings of less than +/- 10% whereas the DC-10-30ER 

experienced around +/- 60% at the end of its economic life. 

 

 
Figure 18: Cyclical swings around the trend line for two different aircraft types. 

 

 

-80%

-70%

-60%

-50%

-40%

-30%

-20%

-10%

0%

10%

20%

30%

40%

50%

60%

77 82 87 92 97 02 07 12

year

re
la

ti
v
e

 c
y
c
lic

a
l 
s
w

in
g

DC-10-30ER

B737-800



 35 

Older aircraft are cycle sensitive because when there is surplus capacity, the least efficient 

aircraft will not fly. When the capacity is scarce, older aircraft will still fly, especially on 

peak time missions. The determinant is the ratio between capital cost (ñhaveò cost) and 

operating cost (ñuseò cost). 

 

 

Maintenance Status Uncertainty 

 

We discussed the value of the remaining maintenance potential in an aircraft and that this 

must be part of the value projection. As the utilization of the aircraft, the exact interval times 

and the cost and value of maintenance work cannot be forecasted with precision, this 

uncertainty will be the source of further value volatility. Figure  below illustrates this with the 

blue line showing the mean maintenance value and the thinner lines showing percentiles in a 

simulation. 

 

 
Figure 19: Simulation of maintenance value over half-life condition with percentiles 

reflecting uncertainty around timing and value of overhauls.   

 

Forecasting the Value 

 

Predicting the aircraft value out into the future is guesswork. History is a guide, but we have 

no assurance that history will repeat itself. Therefore, we need to break down the guesswork 

into components: base depreciation; inflation; maintenance value; and cyclical swings, each 

with the uncertainty that we have observed in historical data.  

 

An example of base depreciation is shown in Figure below. Note that this theoretical 

construction line represents ñhalf-timeò maintenance value and that half the value of a full 

maintenance cycle should be added to the start value to get the initial value of the new 

aircraft. Note also how this straight line becomes a decay curve once the cash flow generating 

-6

-5

-4

-3

-2

-1

0

1

2

3

4

5

6

09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Year

V
a

lu
e

 A
d

ju
s

tm
e

n
t

p = 1%
p = 5%
p = 20%
p = 50%
p = 80%
p = 95%
p = 99%
mean



 36 

capacity of the aircraft starts to diminish. We can think of this point as the end of the ñprime 

lifeò of an aircraft. 

 

This is only one possible representation of the base depreciation curve. We would caution 

against using a pure decay curve. Although empirical data comes close to that shape when 

many aircraft types and vintages are blended, it fails to capture the difference between aircraft 

that are delivered early and late in the typeôs production cycle.  

 

 
Figure20: Based on historical data, we could construct a base value path in constant dollars 

 

We can simulate a path of the base value of the aircraft by combining (1) an expected 

depreciation function and (2) random movements to reflect the uncertainty. One way to 

generate the path is to introduce a normally distributed relative random movement of the 

value in addition to the expected depreciation or ódriftô in subsequent time steps. This is 

called a órandom walkô (discrete time steps), or Brownian Motion (continuous time). It may 

be appropriate to include a degree of ñmean-reversionò in the random walk, also called a 

Ornstein-Uhlenbeck stochastic process.  An example of a path is shown in Figure . 
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Figure 21:  shows one possible path for the base aircraft value using the expected base 

depreciation above and a random walk. 

  

We can generate a multitude of possible paths with the help of a computer program. 

 

 

 
Figure 22:  shows six random paths.  

 

This Monte Carlo simulation can generate a desired number of possible paths that will reflect 

both the desired expected value and the desired probability distribution around this average.  
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Figure 23:  shows the average of 500,000 random paths (dark blue line) and the median with 

percentiles representing 1, 2, and 3 standard deviations (in a Normal distribution), 

respectively.  

 

Note that the picture is similar to the historical average and dispersion that we have observed. 

 

We can now add a projected level of inflation. We will discuss inflation briefly under the 

Interest Rate section.  

 

 

 
Figure24: Same as Figure 23 but with inflation added. 
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different forecasting horizons. Figure  below shows the ex-ante projected future value for a 

specific aircraft against the appraised ex-post current market value.   

 

 
Figure 25: Ex-ante forecasted value over a 6 years horizon against ex-post appraised value. 

 

By taking the difference between the projected value and the appraised value, and dividing by 

the projected value, we get the relative forecasting error for different forecasting horizons. 

26 below shows the percentiles for 50%, 84.1% and 15.9% quarterly over a 7 year forecasting 

horizon for a sample of projections made by PK AirFinance during the period 1995 to 2009. 

There is a total of 886 projections of which 113 have spanned the full 7 years. Median values 

were overstated by 15% at the 7 year point. 

 

The dispersion of the forecasting error is illustrated by the 15.9% and 84.1% percentiles 

(these percentiles correspond to ± one standard deviation in a Normal distribution). 

 

 
Figure26: Relative aircraft forecasting error observed on a sample between 1995 and 2009.  

0

5,000,000

10,000,000

15,000,000

20,000,000

25,000,000

30,000,000

35,000,000

40,000,000

0 4 8 12 16 20 24

Forecasting Horizon (Quarters)

Actual Appraised Value

Projected Value

-20%

-10%

0%

10%

20%

30%

40%

50%

60%

70%

0 4 8 12 16 20 24 28

Forecasting Horizon (Quarters)

R
e

la
ti

v
e

 E
rr

o
r



 40 

 

A considerably better record is obtained if only in-production aircraft types are included in 

the sample, as can be seen in Figure.  

 

 
Figure 27:  The same sample as above but with only in-production aircraft types. 
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Interest Rates 
 

We are interested in interest rates for two reasons: 

 

1) fluctuating interest rates over the term of our loan or lease will affect the value of the 

transaction, and 

 

2) interest rates are correlated to inflation , something that will directly affect the future 

nominal value of the aircraft.  

 

What is Interest? 

 

Interest is a fee paid for borrowed money. It covers 1) time-value of money, the amount a 

lender requires to be indifferent between having $100 today versus $100 at a later date, say in 

a year, and 2) credit risk , the compensation a lender requires for the risk of not being paid 

back. In the following, we will look only at the time-value of money component, where the 

Interest Rate is the risk -free rate.   

 

Some Terminology 

 

The periodic rate is the interest that is charged for each period, divided by the amount of 

principal. The nominal annual rate is defined as the periodic rate multiplied by the number 

of compounding periods per year. The effective annual rate is the equivalent rate if annual 

compounding were applied. The nominal annual rate together with the compounding 

frequency will determine the exact interest stream. However, to allow comparison between 

different loans, the effective annual rate is preferable. 

 

The calculation basis in the bond markets is a month deemed to have 30 days and a year of 

360 days, whereas the Libor market (London Interbank Offered Rate) calculates actual days 

elapsed between payments, and the year is deemed to have 360 days. The duration  is the 

time elapsed until the principal amount is due to be repaid.  

 

In a bond, the issuer pays the holder principal and a coupon. In a loan, the borrower pays the 

lender principal and interest. The two are absolutely equivalent, except that a bond is 

typically a tradable security. The interest rate can either be fixed for the full term or for each 

interest period as a floating rate. 

 

In the following, we will discuss fixed interest rate instruments. A risk-free bond would be 

assumed to pay the risk-free rate. There is a debate as to what the risk-free rate is. For 

practical purposes, we will assume that the risk-free rate is Libor for floating rate and the 

swap rate for fixed rate. If the rate is fixed, the whole cash flow stream of the loan is fixed. 

 

 

The Yield Curve 

 

The interest rate depends on duration. The relationship between the market risk-free interest 

rate and duration can be expressed as a yield-curve. Figure  below shows the yield-curve for 

two different dates. Note that the yield curve typically has an upward slope, but sometimes 

the slope is inverted. 

 

Note that both the compounding basis and the calculation basis need to be defined and 

consistent across the durations.  
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Figure 28: The yield curve for Libor and swap rates on two different dates.  

 

 

The Value of a Risk-Free Bond 

 

The value of a risk free bond is the present value of the cash flows from the interest coupons 

and the principal redemptions, discounted at the risk-free rate for the duration of each 

payment. 

 

At issuance, assuming the bond yield is identical to the risk-free rate, the value of the bond 

will be its nominal value. Over time, the yield-curve will move with the market, and the risk-

free rate for the remaining duration will now be different from the nominal yield of the bond. 

Hence, the present value will differ from the nominal amount of the bond as the cash flows 

will be discounted using the new market yield curve. We can refer to this as the mark-to-

market value. 

 

A bond will trade at a discount if interest rates are above the issuance rates, and at a premium 

if the interest rates are below. We are simplifying here in that we are not allowing for 

liquidity effects. 

 

 

Amortizing bonds 

 

In aircraft financing, the loan or book value is typically amortizing. In order to determine the 

risk-free interest of an amortizing bond, we have to look at the amortization profile. The 

interest cash flows have to be calculated for each over-layered strip, based on the duration. 

Figure below shows an example of an amortization profile.  
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Figure29: Outstanding principal of an amortizing bond. 

 

In this case, the amortization is called ñmortgage-styleò where the sum of principal and 

interest (debt service) is constant for every payment date until the balloon payment at the end 

of the term. Another variant is the straight-line amortization or level principal payments 

where the principal component is constant. 

 

To find the rate for durations between two points on the yield-curve, we have to interpolate. 

To set a fixed contractual interest rate for the bond, we calculate the rate that will yield a 

series of cash flows with exactly the same present value as in the over-layered strip 

calculation above.  

 

 

Mark -to-Market Value 

 

To calculate the discount or premium of a risk-free amortizing bond at a given time during its 

term, we have to redo the present value calculation and take the difference between the 

calculation made at the contractual rate and the equivalent rate based on the new yield-curve 

ï for the remaining term of the bond, in both cases discounted using the new yield-curve. 

 

Figure below shows the interest rate for different durations between 2002 and 2009. The 

ócompressionô effect seen from late 2005 to late 2006 corresponds with a flattening of the 

yield curve. 
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Figure 30: Interest rates for different durations 2002-2009. 

 

If we apply this interest rate evolution on the amortizing exposure above, we get a mark-to-

market value that differs from the nominal value of the bond. As shown in Figure , initially, 

the mark-to-market value was identical to the nominal value. As interest rates rose, the 

discounting of the remaining cash flows gave a smaller present value than if the discounting 

had been done at the contractual rate, and the mark-to-market value fell below the nominal 

value. At the end, there will be fewer and fewer cash flows remaining, and the mark-to-

market will converge with the nominal value again.  

 

 
Figure 31: Mark-to-market value versus nominal value of a fixed rate bond when the yield 

curve evolves.  
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Forecasting the Yield-Curve 

 

Figure  illustrates that market interest rates fluctuate. In this case, we show 1 month Libor.  

 

 
Figure 32:  Historical 1m Libor rate since 1984. 

 

In Figure  below, we plot the interest rate for different durations, one month, three months, 6 

months, one year, and 2, 3, 5, 7, and 10 years, respectively. On this chart, vertical separation 

between different durations is an indication that the yield-curve is sloping. Note how the 

yield curve seems to slope more when short term rates are low. 

 

      
Figure 33: Historical interest rates for durations from 1m Libor to 10y swaps.  
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An alternative way to illustrate the yield curves for different durations is by showing a ñyield 

surfaceò over time. Figure  below shows rates from 1987 to present in the form of a surface. 

 

 
Figure 34: Historical yield surface 

 

There are many different models to simulate the evolution of interest rates. When future 

interest rates are modeled for purposes of pricing interest rate derivatives (caps, floors, 

collars, swaptions, etc.), the rates are modeled in the órisk-neutralô world. In the context of 

aircraft loans and leasesðgiven the long term and the fact that the interest risk is linked to 

default risk, and thus un-hedgeableðwe will model the yield curve in the órealô world. 

 

In the illustrations below, we have used the Nelson-Siegel method to interpolate yield curves 

using three components (basically level, slope and curvature of the yield curve)  and a mean-

reverting stochastic process (an Ornstein-Uhlenbeck process with inertia) to simulate the 

yield surface evolution over time. Figure  below shows an example of one simulation of the 

yield curves for durations between two weeks and 10 years. In this example, the short term 

rate rises, and the slope flattens, and even goes inverted, near the peak of the short term rate. 

This behavior can be observed in historical data. 

 




































































































































