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Preface

These discussionotes are an update to notbat | prepared ir2010.The issues discussed

here are ones that we have pondered over the last 20 years, trying to model aircraft loans and
leases quantitataly. In 1993, Jan Melgaardhénat PK) and | worked with Bo Persson

Sweden to develop an analytic model of aircraft loans that we called SKE#&E model
evolvedinto a Monte Carlo simulation todLending EDGE that was taken into operation at

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

| havenow made some corrections and amendmtnmthe 2010 notesased on helpful feed
back from industry practitioners and academics, expanded on maintenance valbasadd
on the Monte Carlo technologgdded a section on interrelationshgmong aircraft vales,
obligor defaultand interest rateso permit modeling of diversificatioreffects 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 experiencalansight of many valued customers and mynaokers here

at PKand 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 prepaing these notes, | have been helped by several people with whom | have had many
inspiring discussions. | would like to mention particular Bo Persson of XicAB,
Christophe Beaubron here at PK AirFinan8eth Aslin(at the time with White Kite, now

with HSBC), Professor Vadim Linetsky of Northwestern Universifyrofessor Steven
Golbeck of University of Washington, Professor Alessandro Gavazza of New York
University, Mats Levander of the Swedish Central Baarld Alan Picondat the time with
Deloitte, now withKinetic Partners None of these individuals have reviewed, nor approved
the final text, so any errors or misconceptions are entirely my own.

| would welcome any feedback, comments and ideas.
LuxembourgDecember 203
Nils Hallerstrom

n.hallerstrom@pkair.com
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Abstract

In these notes, | discuss how airline defaults, aircraft values, and interest rates can be
forecasted andimulated. An aircraft capacity surplus/shortage cycle is defined and | 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 causeicoregtaing

those. We then turn to paff functions for aircraft loans and leases in the event of an airline
default or contract maturity with an unamortized residual book value ererounrse balloon
payment. With the simulated scenarios or forecastedilditons of default probabilities,
aircraft values and interest rates, knowing the-@#yfunction, | then show how the net
present value of aircraft loans or leases can be modeled as probability distributions. From
these distributions, | discuss howrieais measures for risk, value, and perfance can be
derived.| thendiscuss 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 lossegzinaly, | point to an approach to analyze a portfolio of Aircraft Backed
Loans, accounting for intextationships among aircrafibligors and interest rates

NB: These discussion notes are, by their nature, generalaamdot 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 retdi).(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 calcula#eNPV 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 airlitefaults, 2) theaircraft value at the end of the

term, or when a default occurs, is not necessarily what was asstitiedoutset, 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 resgr 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 s$tructure, price, accept or reject a proposed
transaction, how to measure thalue of a risky loan or lease, or how to meastisi for
purposes of settindoss reservesor allocating capital. We first discussstandalone
transations 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 defalitéemest rates

come into plays briefly discussed at the end/e 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 evelnanging 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. Experienc@udgment, 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 halg make assumptions about default expectations or the
evolution of i nterest rates. Prices of EET
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
suceed in aircraft financing. Wwill point to tools and concepts that can bring us beyond the
static analysis where risk and reward are only accounted for in intuitive waybehnds

make faster, better, and more coherent decisions. Such models will help us be consistent 1)
across transactionan how we view a particular airline or aircraft type, they will help us to

be consistent 2yvithin transactions in how we weigh the imgct of one feature against
another, credit quality, loato-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 ®ver time.



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 gahrantees 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 alieeaontime
dependent, and sometimes rntuitive. The combiations of features are unlimited. This is
why a model to structure, price and evaluate transactions can be very useful. Theagkess

is broken down into the constituent parts of the deal, and the model will help us structure our
thinking around a completxansaction.

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 thedatmm. 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 wiien look at the pagff distribution when we face default or
maturity of a | oan or |l ease with a remainin
With this, we can then build a probability distribution of the net present value of the cash
flows geneated by the deal under different scenarios. And finally, | 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 appremdhat are
possible, and discuss shortcomings and opportunities.

Financial models have taken some blame for contributing toettentfinancial 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 assumptiocglgxplikey

to successfully operating a model is that input assumptions are honest and consistent. This is
easiest to achieve when the same basic model ©& fosepricing, underwriting, as for
portfolio monitoring.

pricing

airline

credit :
; structuring

contract

terins valuing

V

loss reserves

capital
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Products

Up until thel 9 &,(idlines would mainly finance their aircraft with equity and corporate
debt. Loan to value ratios (LTVs) were around 50%, but the<ankld primarily rely on

the airline credit. With deregulation amtreasing competitioname a demand for financing

to nonrinvestment grael credits, and from this, asdssed lending and oging leasing
emerged. Aircrafbacked inance can take many shapes and forms, buiddee is that the
aircraft itself can be looked upon as a source of repayment, either at defaulhe 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 agag@bn.
New deliveries are valued at around $95bn per annum, so witharesings, it is safe to say
that aircraft finance is a $100bn+ businélse picture below shows examples of providers,
product groups and product sghoups.

sovereignwealthfund J; — | traditional |
pension funds \\ 7 ; =2 {-_:-.—'___-_-;_-_: — JOL |
| N B GOL
easing companies AN\ \ WS /
g p ‘\.l \‘;}(E/\ - / / ."",‘
[ tax investors e AVAY LA *l USLL

- ..0 20 _%—.—:;:--:-—'—"I JLL
— GLL

[bonks

[ insurance companies J&

_~|  mortgage loan

manufacturers

SH | financelease

]
|
]
]
|
opleasedebt |
]
|
]
|

[exportcreditogencies

| ETC

LT/ TN aircraft ~[ EETC
corporate investors f B backed ! TEETC
/ bonds

[finance companies

private investors | Lease ABS

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, optionadihg
contractual solutions.

Airline Loan
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
[ lender ]

shown in the schematio the left Terms
range from 315 years and the loarae
typically amortizing. LTVs range from
60% to 85%.The currency is oftetS $,
loan mortgage lenders find comfort in leding in the
currency that, by convention, is the

L )

A\ 4

. g 11
[ airline ]




Operating Lease

| lessor |

lease

A\ 4

| airline |

Finance Lease

[ lessor |

fixed
lease price

call
option

v \ 4

| airline |

Non-Recourse Investor Loan

lender
loan mortgage
v
|
ossignniZiet [ SPC ]
operating
lease
airline |

currency in which prices of aircraft are
quoted and traded. For carriers with little
or no US $ evenue,this constitutes a

currency mimatch. 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
possessin and usagef 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 expenseBhe operator pays
all other operating costs. The term is
typically 312 years. At the end of the
lease term, the lessee has to meet specific
return conditions with egard to the
maintenance status, so that the aircraft can
be leased out again to the neperator.

Finance Lease

In a Finance Lease, the airline typically
pays asizeablefirst rental, the term is
longer thanfor an operating leasend the
lessor has granted thessee a fixed price
purchase option at maturity.

In economic terms, the Finance Lease is
equivalent toa loan with a nomecourse
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 leaseas security The cash typically
flows directly from the lessee to the lender.
When the borrower is a Special Purpose
Company (SPC), the balloopayment
effectively becomes limitedecourse, and
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Pooled Investor Loan

lease
assignments

loan

3

lender |

mortgage

[ investor |

|

operating
leases

mdnel][mﬂme{][mﬁmrS]

Syndicated Investor Loan

Fenderi]

[lenderZ]

henderB]

N

[Iocnogent]

[ securnity agent

loan

A

r

>
mortgage

investor

lease

operating
lease

\ 4

airline

Tranched Investor Loan

senior lender

!ecse‘
assignment |

first senior
priority| |loan
/ mortgage

intercreditor

junior lender

second
priority
mortgage

junior
loan

investor

y

operating
Jlease

airline

assignment

the lender looks to the value of the aircraft
as the source of final rapment.

Pooled Inv

estor 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 reduceisk. The risk of all
aircraftbeing run out at the same time and
every obligr defaulting at the same time is

remote.

Crosscollateralization of the

leased aircrafteduces risk even further.

Syndicated Investor Loan

The syndicated investor loan simply means

that the

loan

is qovided by several

lenders. The roles ofloan agent and
security agent arsometimes split up in

two.

In this case, the lenders rank ppassu in

t he
from the

Afwater f al

collateral

l o,
following

me an i
an

acceleration evendr at maturiy are split

between the leters according to their
share ofthe loan, up to the amount of the
claim. (See further the section on Default.)

Tranched Investor Loan

The waterfallat Defaultcould also be such
that a senior lender gets all the proceeds
until its exposure is fully repaid, whereas a
junior, or subordinated, lender only gets
repaid when the senior is fully paid out.
The junior positionhence carries more
risk, and warrants a Higr return

13
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In any of these structures, the loan can take the form of a bond, which is easier to trade, and
issuednto the capital markets.

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

are typically amortizing. The amortization profile can eitherfi s t r-laii md @ , with e
amounts of principal pai d baciktyiero eac hi apmaywr
styledo where the sum of pr i @uiouply dny predilpisy me nt
conceivabl e, cswa,hhi@doonvi hiidhul | et so ( zrdilr o pri
maturity) or seasonally adjusted det#rvice.When the finarepayment at maturity is higher

than the prior periodic payment s, it is refe
recourse (it i s the bor rroenceorudrsnaeddptlyj lignetl i on t
recourse (to the assel)he norrecoursenature of théalloonis presentvhen the borrower is

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

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

the aircraft. The pictures belallustratethe terminology.

Term Structure

initial
loan
amount

initial
loan
amount

closing term maturity closing term maturity

junior

mezzanine

senior

closing term maturity
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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 thenor of the transaction.

A loan or lease contract will defirmntractual 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, aftéhe 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 dysisrent
default.

After a default has occurreahd not ben curedthe creditor may exercise various remedies,
including taking (or threatening to take) legal action and repossessing the aircratft.

It is sometimes difficult to establish if a late payment is dueIN@BILITY or
UNWILLINGNESS to pay. There are aumber 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 watp call the creditor to the negotiating tableréstructurecontractual

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 ctdction 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 hen 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 conditiomaylead to illiquidity.

In many jurisdictions, anbligor that becomes insolvent may insteadksprotectiorfrom 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
Chaper 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 aircratft.

An obligor could attempt to reorganize outside court, in a negotiation with all or some of its
creditors. For smaller companies with few creditors, thisobaburt procedure may be
preferable as it would undoubtedly be faster and less costly tharcauartrprocess.

A bankruptcy fiingoranouwbf-c our t restructuring of the obli
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 trulyABLE 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 sorspecific loan defaults have been cured or lease contracts have

been affirmedAs the liabilities are restructured, the old obligations as they stood before
restructuring are restated, modified or eliminated. Since everything is up for negotiation,

1t



under current market conditionfr modeling purposesny continuing obligation musteb
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 idepti#fgost 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 solvepaoges 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 defexiinte and such an

event must have a precise consequence within the mahlftamework 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 ambsorbing staté thereis 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 balancenahd case of a lease, the sales
proceeds paid in full to the lessor. (A lendeay force a sale of the aircraf 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 impossikile any multiperiod modekexanteto measure the gst

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 joosporate default and pest
reorganization. The question then is if this simplifying assumptioth@fmodel 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 positidescribed 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 t loan in fulli 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 repossessanenitlease

on market terms 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 arbitrpgdwpties 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 vanishddhis 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, incombination 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 reaffirmed lease attached is bounded upwards by the valtlee ddircraft

itself, without a lease.

1€



There are obviously examples where Aunder we
affirmed. Market information is imperfect. Asset markets are not always efficighe

operabr may find thata specificaircraft has a higher value to them in use thangbaeeral

market value(due to specifications, interior configuration or fleet commonaligfd
replacement assets may not be available without undue business interruption and transaction
costs. Butitwoulbe di fficult to analytically model t
watero asset may also be the result of a b
obligor involving other assets, or the extension of additional credit or providing addlition

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 anexpertsystem t he estimate i s a personds expert.|
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 ofa def aul t . Metrics based on the compa
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 rtrekesystem self

learning.

Inastructural model , the risk of insolvency can be
price and volatility and thereby forecast tfF
equity + liabilities) becoming less than a given default barrier. The mathenohtitss

approach is related to pricing options, where the shareholders of a company can be seen as
hol ding a call option on the companyds asse
KMV.

In reducedform models, the default risk is observable in tha r k e t price of ar
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 recgvatr default as well as the market price of risk. In a way,

the reduced form model is like running a dplkiting 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 airlindsgurel bel ow shows ratings f
KMV for public airlines between 1989 and 2009. The-gaar Expected Default Frequency

that KMV publishes has been mapped to rating buckets used by Standaar< Rround

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
Moodyds KMV EDF-2008.r airlines 1989

Some systems asthe probability of defaulvithin-oneyear directly as a credit grade.
Discrete grades can be mapped to-pear default probabilities. As aircraft backed loans and
leases often have tenors 6fl5 years, the default probabilities must be estimated tbneer
full term. There are several different ways to do this. In a structural or reflucedanodel,

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 peyear 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 theeanprdability 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.

TO
AAA AA A| BBB BB B[ CCC| default
FROM| AAA| 91.6%| 7.72%| 0.48%| 0.09%] 0.06%| 0.00%| 0.00%| 0.00%
AA| 0.63%]| 90.4%)| 8.12%]( 0.61%]| 0.06%]| 0.11%( 0.02%]| 0.01%
A] 0.05%| 2.15%)]| 91.3%| 5.78%]| 0.45%)]| 0.17%]| 0.03%| 0.04%
BBB| 0.02%]| 0.22%]| 4.10%]| 89.6%]| 4.68%| 0.82%] 0.20%| 0.31%
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%

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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From the matrix above, we have the gmar probability of default. If we assenthat the
intensity of default is constant over time, the term structure of the survival is an exponential
decay. The probability of survival (sdrobability of default) is graphed below.
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Figure 3. Survival curves for differd 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 cumulati
probability of default over ti fFguredbelaw.7T pr oba

19



100% - 0%

90% - 10%
4 80% - 20%
< S
E 70% - 30% E
L
?  60% L 40% O
5 S
© 509 F50% >
: :
;‘ 40% - 60% g
<
D 30% F70% &
x @
o 20% - 80% &
10% H=—AAA —AA —A BBB 4 90%
BB B — CCC
0% } } } } } } } } } } } . } } 100%
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
YEARS

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.
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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 aswell 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 titne enoug
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 & 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 donot. One <coutlrateby r ack
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 looktatwo separate aspects of the rating system:

1) how well does the rating systemliscriminate between the defaulters and
survivors? and;
2) how well is the rating systegalibratedto the overall level of default?

The power of discrimination over a specific &rhorizon 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 iRigure 6), we can measure th@obability of a true
positive (P(TP)) (the obligor survived and the rating was above thef€uating, the green
striped area in Figure 6) and thbability of a false positive(P(FP)) (the obligor defaulted

but the rating was above the eoff, the red striped area in Figure 6).
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Figure 6. Distribution of rating grades one year prior to the determination point for
defaulted obligors and nedefaulting obligors. Without overlap, thmatings would have
discriminated perfectly.

We now move the cutff 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 discriminatoryrpdmve perfect
system, the defaulter distribution would be completely to the left of the survivor distribution
with no overlap and the curve ligure7 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 Characteristiom signal
detection theory). The accuracy is exgz®d 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 actualevels. 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 obligorefaults 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 costsof 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 oferforcement there will be costs associated witpossessionrepair and
remarketing (rrr cost). Repair involves bringing the aircraft up to a technical condition to
allow remarketing as well as obtaining or reconstituting technical recohils.will often

require maintenance to be performed earlier than would have been the case had the aircraft
remai ned wit hi n Reragketirgpmlrinaolve thed sale éfforieas twell as
bringing the aircraft up to the specification required by the buyergobsequent lessee).

Apart from the resource costs, there is the capital costddamtime during the delay
between enforcement and final sale. This period varies greatly from jurisdiction to
jurisdiction, and from case to case. The capital cost condistseoest carry and economic
depreciation of the aircratft.

It is very difficult to predict what the actual costs will be in a default. The probability ef non
cure/ affirmation can be estimated based on |
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cure/affirmation option. The rrr cost is driven by aircraft type and jurisdiction whereas the
downtime cost isoften mainlyjurisdiction specific.For example, how efficient the court
system is, how coperative the aviation authority is to deregister tiherait and how easy it

is to export the aircraft from the place it was reposse3$aexpected 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 Towno&vention (CTC) will bring a faster resolution of
enforcement effortby having expedited and firm timelines for courts to order repossession,
and for aviation authorities to deregister and process export of the aifthet could
significantly reduce the sk for the creditor and allow tighter creduargins or lower lease
rentals in jurisdictions that have ratified the CTC.

23



Aircraft Values

Aircraft are depreciating assets and their values are volatile and uncertain. Both these
characteristics arellustrated 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.
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Figure 8. Scatter plot of constant dollar resale prices as a percentage of newforipet
aircraft collected 19741998. The dataset contains about 4,000 data points. Some sales may
have had leases attached to the aircratft.

A similar picture is seen in théigure 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 standabaav
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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?
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purposes of modeling an aircraft loan or lease, we need to understand wicatrdre
market value(CMV) is for the aircraft. This is a spot mka&t value. A price that was
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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{@mm trend line that cuts through the ups

and downs of the CMV.

CMV is not a distressed sale value. There are times when thdosakesh market is
extremely illiquid, and actual sales prices are discounted heavily. In those times, a seller may

need to offer veth o r

fi

nance. I n

| STATOSs

(I'nternatio

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 bedexpect
to find a role in their highest and best use. In fact, older aircraft may well find gainful
employment by flying very few houiisat peak periods or as baaks. The higher operating
costs may not matter much as long as the ownership cost is low.

For nodeling 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 aleratiléar-

cash market is shut down. The leasing market is almost almaysliquid 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 miet, 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 atdst two reasons. Firstly, andividual aircraft deteriorates
physically over its life. The engines and airframe will require progressively more
maintenance athey 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 escalafbgoluteoperating costs. Secondly, th&craft type

will eventually face increased competition from more modern aircraft with superior
econonics 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 tuimswdo manufacture

the same aircraft at less cost. Transitions from propellers to jets; analogue to digital cockpits;
three to two people crews; lighter weight materials;-lyyass to higibypass ratios; and

metal to composites, are glkoduct improvemeats making the aircraft more productive.
Manual assembly to robots; riveting to bonding; and-ijudtme logistics; are alprocess
improvements making the aircraft cheaper to manufacture. In both cases, the existing aircraft
will lose out. Thisobsolesencewill result in escalatingelative 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 cashhfidws
can be generated from the operation of the aircraft. Although aircraft do not have a limited
technical life, their economiclife ends when a positive net cash flow can no longer be
generated.

If we take the PV of a cash flow stream that diministhes 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 maet 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 fuelqrriees

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. lgvestircraft
delivered close to the end of their production runs has rarely been a successful strategy! An
illustration of this is shown ifigure 10 below.
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Figure 10. Relative constant dollar Ascend CMYV for earliest and last vintage of th&3D
Note that the early vintage has substantially better value retention.

Inflation

The charts above show value patterns in constant dollargality, we face inflation. By
inflation, we are nojust 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 araft 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 T does
not make an aircraft a Adoll ar asseto in the
the balance sheet does not imply a liability in USD.

There was a time when the USA had the I|iono
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, pricessexkon USD,

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

values is illustrated ifigure11 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 maintenstates As a new

aircraft goes into operation, flight hours and flight cycles will be consumed againsttiche

cycle limited components of the engines and airframe. Major overhawk to be perfmed

within mandatory intervalsSubsequent 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 theffilsree to five years reflecting the transition
from a new aitrmeafaitoraffihalfhe difference L
time value may represent@vl13% for a new aircraft (somewhat theoretical as a new aircraft
always has full pantial, but still meaningful as a construction point for a value path
projection), and increase significantly with ad@r current aircraft types, we assume that
maintenance value equals maintenance cost.

Airframe Maintenance

The airframe typically needto be overhauled at set calendar time intervals. Some types are
overhauled from zero time status tofuli me st at us, whereas other
checks, where some of the work scope is perforoh@thg intermediate events.Minor

checls, sometnes called A, B-, or Gcheckscan probably be igired in the modeling
exercise. The heavier chedke D-check, issignificant. For newer generation aircraft, the
checks are often referred to as time due, 8YE check / 12YE chewmksimplicity, landing

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

Therelatvemai nt enance value cdamobhd&doi di agt @2ant ed ip
below.

28



A
AFSG Status |

Out Status
100%

Out Status
Status

In Status

Calendar Time

0,
0% In Status

Status Date 6 Years 12 Years
Figure 12 The maintenance value for the airframe and landing gear status illustrated for a
type that haphased checks (green line), and one that has complete checks (blue line).

Engine Maintenance

Engine maintenance can be split in two parts: 1) Replacement -tifrlifed parts (LLPS),

mainly discs and shafts that have hard limits, typicdlgsed on flight cycles, and 2)
Refurbishment of the engine, repair and replacement of faampressoer and turbine

blades, guide vanes, casings, combustion chambers, bearings and gear box, to be repaired or
replaced bagkon condition, andypically paced by fligt hoursand operating conditions

Figure 13 A cutout of the GERr engine. Note the largerfaand high §-pass ratio, andhe
discs with comessor and turbine blades

A modern jet engine often consists of four (or manedules, the low pressure compressor,

the high pressure compressor, the high pressure turbine and the low pressure turbine as
shown inthe 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 comition 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 imjpuritie
the air, turbine blades oxidizand cooling channels clape engine loses efficiency, and the
exhaust gas tenapature increases and approacties Exhaust Gas Temperature limit. The
time to reachthis limit depends on operating conditions suchhagst settings, outside air
temperature, takeff elevation, foreign object ingestion, and air qualitieToperatoexpects

a certaintime (flight hours) on wing, but this is subject teomerandom variation.The
removal of the engine from the wing, and the induction into a-stsifpcan be predicated by
either hitting hard cycle limits on the LLPs or approachingfl8&T margim |, tinmgy p
measure of engine healtbepending on the engine make, some LLAtnaed replacement,

but others will have remaining life, and some modules will need refurbkishwhile others

can be left ta future shop visit. It is an artful exercise to opdenthe shop visits and decide
what -Bbanbddr do t he vermaglédio. dLPs hwith somdemaireng Ide
could be replaced to avotdo short a time on wing until the next shop visit, and sold in the
secondary market. The build standard should be optimized with resphfet tione cost,
financial consideraticsy ard operational requirementypically, long haul aircraft hit
refurbishment limits first, while LLP the limiter on shorhaul aircraft
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Figure 15 The maintenance value for the engine LLP status between various shop visits.
The flight mission intemms of flight hours per yeafli ght hours per flightand the operating
environment will determine the maintenance ev@anning. Obviously, this is subject to

some variability, both among operators and for a given aircraft individbal.chart below
showsan example othe refurbishment and the LLP statfsan engine
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0%
Flight Cycles / Hours
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Figure 18 The first limiter will determinghe 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 andhtbimails.

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 s pagreent pamed staleAnd e €& h
sign is when the hatime current market value for the aircraft becomes less than 50% of the

total maintenance cost for a full overhaul, and engine shop Atdihis point, it is clear that

the maintenanceostno longer equasamaintenancealue
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Figurel7. Scenario of combined maintenance value stemming from airframe overhaul,
engine overhaul, and engine restoration.

Maintenance Reserves

Leases, and sometimes loans, ofteswe provisions thatequire the operator to pay
maintenance reserves based on months, flight cycles and flight houreves future
maintenance costs. This is primarily a risk mitigant in case of default. To avoid issues in
bankruptcy, such reserves ar e Tletetamormaly bst it
collected on a monthly basis and on submission of the relevant claim, when certain defined
work is accomplished, the operator will be refunded the &mshe engine manufacturers or
third party mai nt en dpthedh opunr @ widd dhe saintehahceis A p o v
provided against pragreed usage fees.

Lease agreements specify return conditions to assure that the aircraft has some remaining
flying life before a next overhaul or shop visthis also facilitates the transition to the next
operator/lesseeln cases where maintenance reserves are not payable, the return conditions
typically specify a restoration to aetry condition, or a monetarydpistment to compensate

for the deviation from delivery condition. This is mainly availabldy to credit worthy
airlines.

Saap

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 Bmited 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 gram. After these have been expended, an aircraft will be scrapped.
Components and parts may be used as spares, and the carcass goes to thénssoelier.
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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 p@ygkr
variants in the family and with a high degree of parts commonaMg.will revisit the
06deathdé scenario in the section on the cycl

Volatility

The charts onresale 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 aircraftetain their valuedetter 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 valuesswing 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, he prize will go to those who can guess which aircraft types will best retain value
into the futuré® and that is probably more an art than a science. Some characteristics that will
be helpful to value retention of a type au@rency superior operating peErmance, 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 dampe (safety, noise, emissigns

and age related importation restrictiprsndliquidity: number of units delivered, number of
operators, order backlog, and dilution (absence of concentration). Aircraft that were delivered
late in their production cycleill 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, wewill 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 palichanges 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 haeeptured 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
Afutureso mar ket . ddygreed pome tane befoe the delyeryt, in mang d
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 suppavith spare parts, warranties, credits, or other attachments
t hat may add or detract value from the fAnake

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

the fAnakedo spot v &entcal,. speblfcationsvas availabilitg in &énfet  ar e
may be more or | ess suited for a specific b
price a buyer is willing to pay. Appraisers typically state that their valuation assumes a
willing buyer and a wiing 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
riseand vice versa. If the supply and demand would always be in balance, we could assume a
kind of Abase valueo for an aircraft.

In reality, if we track historical aircraft values over time, it is evident that the values swing
widely around the longerm 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 mdtigyre below illustrates this
difference with the example of a DID-30ER and a B73800. The swings are measured as
the deviation from a trend line that was calculated sigliae across the appraisal time series
from Ascend. The B73800 has swings of less than- 4/0% whereas the DCO-30ER
experienced around-#0% at the end of its economic life.
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Figure 18: Cyclical swings around the trend line for two different aaftitypes.
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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 ratib wee en capi t al cost (n
operating cost (Auseo 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 theradt, 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 volatiljgure below illustrates this with the

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

Value Adjustment

i p=1% / —
21— p=s% \\\//_’ B S
sz
-4 4| ——P=80% ==———== — |
——p=95%
-5 4| —p=99%
=mean
-6

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

Figure 19: Simulation of maintenance value over Hd# 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 repeakif. 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 shownFigure below. Note that this theoretical
construction I-tiinmed emaiesteanandedavdl ue and t |
maintenance cycle should be add® 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
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capacity of the aircraft starts to diminish.
| i ffandaircoaft.

This is only one possible representation of the base depreciation curve. We would caution
against using @ure 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 | ate in the typ
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Figure20: Based orhistorical 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
generatethe path is to introduce a normally distributed relative random movement of the
value in addition to the expected depreciat
called a 6random wal kd (discrete tilmmy steps)
be appropriate to irnecvieurdsei oan 60d @ qur eteh eo fr afnmeoam
OrnsteinrUhlenbeck stochastic proces&n example of a path is shownkigure.
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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.
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Figure 22: shows six random paths.

This Monte Carlo simulation can generate a desired number of possible paths that will reflect
both thedesiredexpected value and thiesiredorobability distribution around this average.
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Figure 23: shows the average of 5000 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.
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Figure24: Same as Figure 2But with inflation added.

Forecasting Accuracy

Although historical depreciation and volatility of aircraft values is useful when forecasting,
the acid test is how well the forecasts stack up against values that we measase fex
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different forecasting horizong&igure below shows the eante projected future value for a
specific aircraft against the appraisedp®st current market value.
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Figure 25: Ex-ante forecasted value over a 6 years horizon aga&rpost appraised value.

By taking the difference between the projected value and the appraised value, and dividing by
the projected value, we get thedative 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 & edian 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).
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Figure26: Relatve aircraft forecasting error observed on a sample between 1995 and 20009.
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A considerably better record is obtained if onlypmoduction aircraft types are included in
the sample, as can be seefrigure
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Figure 27: The same sample as above but with orfgroduction 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 affestathe of the
transaction, and

2) interest rates are correlatedimndlation , something that will directly affect the future
nominal value of the aircraft.

What is Interest?

Interest is a fee paid for borrowed money. It coversirhe-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¢redit risk, the compensation a lender requires for the risk of not being paid
back. In the following, we will look only at the timalue of money component, where the
Interest Rate is thesk -free rate.

Some Terminology

The periodic rate is the interest thaticharged for each period, divided by the amount of
principal. Thenominal annual rate is defined as the periodic rate multiplied by the number

of compounding periods per year. Tékective annual rateis the equivalent rate if annual
compounding were afipd. 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 basisin the bond markets is aanth 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 daysraiiba is the

time elapsed until the principal anmdus due to be repaid.

In abond, the issuer pays the holder principal and a couponldara the borrower pays the
lender principal and interest. The two are absolutely equivalent, except that a bond is
typically a tradable security. The interesterain either béxed for the full term or for each
interest period asftoating rate.

In the following, we will discuss fixed interest rate instruments. A-fisk bond would be
assumed to pay the ridiee rate. There is a debate as to what thefresk rate is. For
practical purposes, we will assume that the-fisk 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 duaration. The relationship between the market-fisk interest

rate and duration can be expressed as a-giglde. Figure below shows the yieldurve 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 RiskFree Bond

The value of aisk freebond is the present value of the cash flows from the interest coupons
and the principal redemptions, discounted at the-fresk raé for the duration of each
payment.

At issuance, assuming the bond yield is identical to thefmskrate, the value of the bond

will be its nominal value. Over time, the yietdirve will move with the market, and the rsk

free rate for the remaining dation 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 thé¢omark
market vale.

A bond will trade at a discount if interest rates alvevethe issuance rates, and at a premium
if the interest rates arbelow 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-layered stp, based on the duration.
Figurebelow shows an example of an amortization profile.
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Figure29: Outstanding principal of an amortizing bond.

In this case, themmor t i z at i omortgages t cyavhelréetlte suin 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 thstraight-line amortization or level principal payments

where the principal component is constant.

To find the rate for durations between two points on the yialgde, 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 ith exactly the same present value as in the -ayared strip

calculation above.

Mark -to-Market Value

To calculate the discount or premium of a 1isée amortizing bond at a given time during its
term, we have to redo the present value calculatiah take the difference between the
calculation made at the contractual rate and the equivalent rate based on the reurygeld

T for the remaining term of the bond, in both cases discounted using the nexsuyiedd

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

6compressiond effect seen
yield curve.

from

at e

2005
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Figure30: Interest rates for different durations 20@P09.

If we apply this interest rate evolution on the amortizing exposure above, we get-tomark
market value that differs from the nominal value of the bond. As showigure, initially,

the markto-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 thentlirgro

had been done at the contractual rate, and the-toarlarket value fell below the nominal
value. At the end, there will be fewer and fewer cash flows remaining, and thetanark
market will converge with the nominal value again.
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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 YieldCurve

Figure illustrates that market interest rates fluctuate. In this case, we show 1 month Libor.
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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 dations is an indication that the yietdrve is sloping. Note how the

yield curve seems to slope more when short term rates are low.
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Figure 33: Historical interest rates for durations from 1m Libor to 10y swaps.
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An alternative way toillustratt he yi el d curves for different
sur f ac e o Figure betow shows etes from 1987 to present in the form of a surface.

MNominal Surface Libor & Swaps 1988 - 2009

Term to maturity (years)
Date

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 et c. ) , t he r at erse watrrea Indbo dved reldd .i nl nt h
aircraft loans and leasg@given the long term and the fact that the interest risk is linked to
default risk, and thus uhedgeablé we wi | | model the yldeld curve

In the illustrations below, we have usi NelsorSiegelmethod to interpolate yield curves

using three componengbasicaly level, slope and curvature thfe yield curvg anda mean

reverting stochastic procegan OrnsteidJhlenbeck processvith inertig) to simulate the

yield surfaceevolution over timeFigure 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 cabe observed in historical data.
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