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PK AirFinance is a sub-business of GE Capital Aviation Services (GECAS). The company provides and arranges debt to airlines and investors secured by commercial aircraft.
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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 feedback 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, crosscollateralization 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 [email protected]



--------------------------------
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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 market’s 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, timedependent, 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 “balloon” 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 1970’s, 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 riskreward 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 11



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 12



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 “waterfall”, 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 “straight-line”, with equal amounts of principal paid back in each payment period, or “mortgage-style” or “annuity style” where the sum of principal repayment and interest is level. Obviously, any profile is conceivable, such as “high-low”, ‘low-high”, “bullets” (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 “balloon”. The balloon can either be recourse (it is the borrower’s obligation to pay), or “non-recourse”, 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 obligor’s 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, 15



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 – 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 postdefault 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 postreorganization. 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 – 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 – 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. 16



There are obviously examples where “under water” loan defaults have been cured and leases affirmed. Market information is imperfect. Asset markets are not always efficient – 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 “under water” 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 person’s 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 company’s 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 selflearning. In a structural model, the risk of insolvency can be gauged by observing an obligor’s equity price and volatility and thereby forecast the probability of the value of an obligor’s 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 company’s assets. An example of this is approach is Moody’s KMV. In reduced-form models, the default risk is observable in the market price of an obligor’s 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 Moody’s 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 ( 
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