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Quantifying Risk and Reward in Aircraft Backed Financing



by Nils Hallerström ([email protected]) PK AirFinance – www.pkair.com and Jan Melgaard ([email protected]) Sigma Aircraft Management – www.sigmaair.com. Updated 2000-05-15



Assuming a certain rate of cash flow degradation, RV would be graphed as follows:



PK AirFinance (PK AIR) has developed a model with the acronym SAFE (Statistical Aircraft Financing Evaluation), to evaluate aircraft backed loans and investments. The model predicts expected aircraft resale prices over time, a confidence interval surrounding such prediction, default risk of the obligor (borrower or lessee), and returns a probability distribution of net present values of a contemplated loan/investment. Expected return, average downside risk and value at risk can be derived and used for structuring, pricing and/or selecting aircraft loans and investments.
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In order to determine the ex ante expected risk and return of a proposed investment in or financing for an aircraft, three questions have to be answered: 1) What is the expected resale value of the aircraft over the term of the transaction?, 2) What is the degree of uncertainty surrounding such resale value?, and 3) What is the probability that the obligor will default on any given payment date?



Base life



The theoretical RV is sustained by historical data. PK AIR has collected more than 4,000 aircraft resale data points from sales transacted 1970-1996. Multiple regression analysis has been used to estimate the impact of age, cycle (see below), etc. The trendline fitted from scatters of historical resale values confirms the “ski-jump” shape of the theoretically derived reference value curve. Below is a diagram for the B727-100 showing resale prices (in constant 1995 dollars) as a function of aircraft age (in quarters). Apart from the “ski-jump” shape, you will also note a considerable volatility in prices due to cyclicality and uncertainty.



1. WHAT IS THE EXPECTED RESALE VALUE? Aircraft Value Depreciation Aircraft are depreciating assets and their values are cyclical and uncertain. Let’s start with depreciation. Aircraft values depreciate for at least two reasons. First, an aircraft deteriorates physically over its life. The structure will require more maintenance with associated cost of labour, parts and down time. An aircraft will also pick up weight over its life and suffer from increased drag due to repairs and dirt. This causes escalating absolute operating costs. Second, the aircraft will eventually face increased competition from more modern aircraft with superior operating economics thanks to such aircraft’s improvements in fuel burn, crewing, systems, aerodynamics, weight etc. This will result in escalating relative operating costs. Both of the above will lead to a reduction in the cash flow generating capacity of the aircraft. The theoretical value of the aircraft is the net present value of all the future cash flows which can be generated from the operation of the aircraft. We call this the reference value (RV). Although the aircraft does not have a limited technical life, its economic life ends when a positive net cash flow can no longer be generated.
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Actual cash flows are difficult to quantify. In SAFE we use an aircraft’s average and trend adjusted new price as the starting point. Then we assume a “base life” of between 22 and 26 years during which the constant dollar value would depreciate along a straight line. Such straight line amortization would apply until the end of a “prime life” of 15-18 years is reached. Thereafter, the cash flow starts to deteriorate. At that point in time a constant dollar value line is approximated with an exponential function to bring the value asymptotically to its scrap value.



Avmark Base Value B727-100 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0



RV can be expressed:
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Peaks are seen in 1979, 1988 and troughs in 1975, 1982 and 1992. Demand for aircraft is generated by demand for revenue passenger miles (RPMs). Block speed, load factor and daily utilisation will determine the RPM generated by one seat. This way, a relationship between the number of physical seats and RPM is established. For example, the value of aircraft would rise if traffic grew faster than seat capacity, ceteris paribus, and vice versa. The accumulated gap between historical traffic growth and seat growth shows a rising but abating trend as well as a cyclical pattern. The rising trend is due to increased block speed, higher utilisation and higher load factors. The abatement is a result of saturation levels being reached for these parameters. The cyclical effect is caused by imbalances in demand and supply – typically airlines order new aircraft when they make money and traffic is strong, and then take delivery when traffic is weak. If the trendline is eliminated and only the cyclical component of the accumulated traffic versus seat growth gap is considered, then we get the chart below. A strong match between this cycle and the B727-100 values is apparent.
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Where RV(t) is the constant dollar reference value at time t, as a percentage of the new price of the aircraft, tp is the prime life, tb is the base life, and tD is the “death point when the aircraft reaches its assumed scrap value S.
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Pent-Up Relative Capacity Shortage/Surplus Cycle
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This constant dollar reference value (RV) is then grossed up for historical inflation and expected future inflation to return the inflation adjusted reference value (IARV).
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Cyclical Effects
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Aircraft values swing dramatically depending on supply and demand. The chart below shows Avmark’s half life appraisal for a 1975 built B727-100 in current dollars.
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In order to predict the future Aircraft Value Cycle, one has to take into consideration traffic growth forecasts as a predictor of demand. Such forecasts are very uncertain. As a predictor of supply, production of new seats and retirement of seats has to be estimated. Fortunately, the uncertainty surrounding supply
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forecasts is reasonably low in the near term. Manufacturers need 12-18 months to implement changes in production rates. Delivery of new seats can therefore be predicted with relatively low uncertainty for the next few years. Retirement of physical seats by scrapping or cargo conversion is more difficult to predict. A study of population profiles for existing aircraft will show a large portion of today’s fleet reaching 30 years of age within the next five years. Using such a predictor together with other predictors such as regulatory limitations on noise emissions, then retirement forecasts can be made. All in all, prediction of seat growth for the coming few years appear to be less surrounded with uncertainty than traffic growth predictions.



Calculating δ from the formula above and applying the exponential dampener, the expected aircraft value v(exp) over time can be derived.



2. WHAT IS THE DEGREE OF UNCERTAINTY? Thus far, we have discussed how the expected value of an aircraft could be predicted over time. However, this prediction contains uncertainty. In order to measure risk and return, this uncertainty has to be quantified. It is reasonable to assume that future values will be approximately normally distributed around the expected predicted value. The dispersion, or standard deviation, of future aircraft values would express the degree of confidence in the prediction.



Another way of forming an opinion on where we are in the cycle is to compare current market values with the IARV for an aircraft. A current market value which is much higher than the reference value is an indication that we are in the peak phase of the cycle, ceteris paribus – and vice versa.



Assuming normal distribution, the aircraft value probability density function can be expressed as:



Sensitivity to Cycle



P(v)=



To what extent is an aircraft’s value impacted by a trough or a peak in the cycle? Our preliminary research shows that number of seats and operating economics are two important factors. Aircraft with high seat capacity and poor operating economics display large swings in value. Smaller aircraft of modern technology will show more modest swings, around 10-15%, based on our research. In our model, the expected aircraft value over time is adjusted for the assumed cycle. SAFE uses segmented sinus curves to replicate the cycle. Since the cycle is very difficult to predict further out in the future, the model discounts the cycle adjustment over time through an exponential dampener. The uncertainty surrounding the future cycle gets absorbed over time by the general uncertainty described in section 2 below.
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Where σ is the standard deviation and ν is the aircraft value. A difference between publicly listed securities and aircraft is that aircraft values are subject to an instant uncertainty. The exact technical condition of an aircraft cannot be established without an expensive heavy maintenance check of airframe, engines and systems. Trading is infrequent and price information is not publicly available. The dispersion in current fair market values estimated by several independent appraisal firms for the same aircraft ranges from 3% on average for highly liquid aircraft such as the B737-300 to more than 30% for illiquid aircraft such as the A300. The probability distribution around the current fair market value is shown below:



Type Penalty Once the IARV curve has been established and appropriate adjustments are made for cycle effects, then the current IARV can be compared to the actual current fair market value. There may well be a difference. It could be due to erroneous assumptions. However, another explanation could be that the aircraft type doesn’t “live up to” its intrinsic value. This phenomenon is typical for aircraft types that lack market penetration (few units delivered and few operators, hence poor liquidity), where the manufacturer has exited the business (e.g. L1011), or where the range – capacity characteristics are off the trendline. The expected aircraft value at different points in time will therefore have to be calibrated for this penalty. The relation between initial current fair market value, IARV, penalty, cycle and cycle sensitivity is expressed as follows:
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Fair Market Value



v(exp)=IARV(1 – δ (1 + β  C)



Above is merely illustrated initial uncertainty. The further out in time the prediction goes, the higher the uncertainty. The capital market models for pricing options and derivatives assume a Brownian motion of stock prices. In other words, the standard deviation grows by a square root function of time. The same approach can be used for aircraft values.



Where v(exp) is the current fair market value, IARV is the inflation adjusted reference value, δ is the type related penalty. β is the cycle sensitivity factor, and C is the aircraft value cycle relative amplitude. Further adjustments in the expected value should be made for the maintenance condition of the aircraft, using overhaul intervals and utilization of the aircraft.
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The uncertainty of the forecasted aircraft value can be expressed as the standard deviation around the expected value at time t as:
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Where σ0 is the initial standard deviation at t = 0 and σ1 is the standard deviation at t = t1 .
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We now have to add the residue of the exponential function we used to dampen the cycle. By this we are saying that there will be cyclical swings but we are more uncertain when the peaks and the troughs will occurr, the farther out we go.



0% 0



1,000



2,000



3,000



4,000



5,000



6,000



7,000



8,000



9,000



10,000



days



At commencement of a transaction, the probability of performance is assumed to be 100% (we would not knowingly do the deal if the airline is in default under its obligations). As time elapses, the probability of performance will decrease.



Estimates of the input parameters for σ0 and σ1 can be established in several ways. One way is to build up an extensive data base of predictions made over a span of many years, and then register the deviation at each point in time between actual value and predicted value. This will have to be done for each aircraft type, for each year of manufacture, over the full life span of an aircraft, for different forecasting horizons, and over repeated cycles. Another way, is to use confidence intervals which capture scatters of historical price data points. Both methods are approximations.



Aircraft Value Cycle and Default Risk The above charts show defaults that would happen randomly. However, there may be circumstances when the utilized distribution has to be modified. If one knew that a small airline had a fixed term non-cancellable contract to fly 100% of its capacity for a AAA- rated counterparty on an ACMI basis, there are reasons to apply a shallower slope during the fixed term. Another more general reason to modify the slope is the strong correlation between airline default risk and the aircraft value cycle. Strong traffic and scarce capacity will lead to strong load factors and high fares, i.e. profitable airlines. Strong traffic and scarce capacity will also lead to an upswing in the aircraft value cycle. Hence the correlation. Airlines can also use high aircraft values to generate cash through sale and lease back transactions and refinancings. Consequently the default risk is low. In our model, this correlation is accounted for by using a virtual time axis, where a peak cycle expands virtual time and a trough cycle contracts virtual time. In other words, there is more stress applied during a trough cycle. The chart below shows the previously shown weak obligor assuming a peak cycle in 1997-1998 and a trough in 2000 - 2001.



3. WHAT IS THE OBLIGOR RISK? Asset risk is only of interest if the obligor defaults under its obligation to pay, or if maturity of a transaction is reached and an unamortized principal amount is outstanding with recourse only to the asset. But how do we know when an obligor is going to default? Well, we don’t. But statistical measures of how corporate ratings change are helpful. This chart is from Standard & Poors. It is called a rating transition matrix. It shows the probability of a rating moving from one level to another over a period of one year.
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By multiple matrix multiplication, we can now establish the probability of performance over time as shown in the chart below.
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If we were the equity investor in the same transaction, and the loan were non-recourse, then the ARF would look as follows:



With all of the above in mind, we can now proceed to calculate what each payment period has in store as far as income and loss – from a statistical point of view.



Recovery 10,000 9,000



4. RISK & RETURN
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It is important to understand that we can never calculate ex ante what a particular transaction will yield. But we can attempt to calculate what transactions under the same assumptions would yield on average if they were repeated many times. And we could calculate how the yield could deviate from this average. Throwing a dice could yield 1 to 6 eyes. The expected outcome on average, if thrown repeatedly, is 3.5.
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Let us now address the following question. If our obligor defaults in payment period t, what amount will we recover from the sale of the asset? That depends on the nature of our contract and what price the aircraft is sold for. First, the nature of the contract. If we are a senior lender and our outstanding is $10 million, we recover zero if the aircraft is worth zero, $5 million, if the aircraft is sold for $5 million, $10 million if the aircraft is sold for $10 million and $10 million if the aircraft is sold for anything higher. The recovery is limited to the amount of the loan claim under the loan. The asset recovery function (ARF) for this senior loan is shown in the chart below:



ARFs can be constructed for any type of transaction – junior loans, loans with profit sharing and caps, call options, put options, residual value guarantees, first loss deficiency guarantees, etc. Note that the ARF has to be constructed for each payment date over the term of the transaction. Second, what is the aircraft sold for? Well, we don’t know. But we can assume an expected value over time, and a probability distribution around that expected value as discussed above. In the chart below, we have plotted the expected aircraft resale value over time. The uncertainty associated with that expected value is expressed as plus and minus one standard deviation (we have 66.7% confidence that the value will be within the plus/minus one standard deviation band) – the range within the thin lines. Also shown in the chart is the outstanding principal amount over time.
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We can now apply the principles of financial option pricing theory. To calculate the expected recovery (A(exp)) at a particular payment date, the aircraft value probability density function (dP(v)) on that payment date has to be multiplied in each point on the aircraft value spectrum (v), with the ARF in the corresponding point, and integrated over the full aircraft value spectrum. In the chart below, this calculation is illustrated for a senior loan. The operation is complex but it is easily done using a computer.
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calculating the ex ante return distribution of the transaction. The return distribution is calculated for each payment period by taking the asset recovery distribution less the outstanding principal plus the current value of past earnings (such as front fees, margin income, agency fees etc.) and multiplied with the probability of default in that payment period. For the maturity date of the transaction, the same calculation is made but using the probability that the obligor has not defaulted up to that point. These statistical distributions are discounted to present values. The discount rate should be the risk free rate of return as cash flows are already risk adjusted. Transaction costs, reconfiguration costs, carrying costs for down time, repossession expenses etc. may be included but are difficult to predict. We now obtain the probability distribution F(R) for the present value of the return R of the contemplated transaction. It is a highly interesting result which may be depicted as a graph as shown below. The transaction is a senior loan.
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Return Probability – Senior Loans 100%



Once the computation described above has been performed, you will find that the expected recovery under this senior loan is less than 100% of the outstanding principal. It may seem strange since the expected aircraft value was higher than the outstanding principal. However, as a senior lender you lose when the aircraft value is in the low tail of the probability distribution; but you don’t gain anything extra when the value is in the high tail. In the example here, the asset recovery shortfall is about 8% as shown in the chart below:
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You will see that there is a 25% probability that the return will fall below the contractual margin and fee return (hence a default of some kind has occurred) indicated by the vertical part of the curve. There is a 15% probability that the return will be below zero. The weighted average is shown in the thin line. This is the expected risk adjusted return R(exp) and can be expressed as:
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R(exp) = ∫ R × F(R) dR –∞



The operation for payment period i can be expressed as follows:



where R is the return and F(R) is the probability density function.



∞



ARF(exp)i= ∫0 ARF(v)i×P(v)i dv



The weighted average of all returns falling on the loss side is shown in the thin line labelled average downside risk (ADR).



Where v is the value of the aircraft and P(v) is the probability density function of the aircraft value.



This can be expressed as:



Return Distribution 0



By assuming an expected aircraft resale price over time with an associated probability distribution, and the obligor performance probability distribution over time, we can now proceed to



ADR= ∫ R × F(R) dR –∞
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The use of average downside risk as a risk measure is significant. In the capital markets, the traditional risk measure is standard deviation. However, standard deviation is only appropriate when returns are normally distributed and hence symmetrical around the expected return. An investor does not mind higher than expected returns; however, he is averse to lower than expected returns or losses. As long as returns are normally distributed, there is symmetry between higher and lower than expected returns and standard deviation will reflect the down side risk. The reason why standard deviation has been used in the capital markets rather that the intuitively more appealing down side risk is that normal distributions and standard deviation are easier to handle mathematically using standard tables. Today, the computing power is on everybody’s desk to solve these problems.



Expected Return Trading & Leasing



Risk Free
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Uses SAFE can be used to price transactions or different tranches in a tranched transaction. Multiple seniority rankings can be accommodated as well as splits between amortising and “balloon” tranches. It can also be used to calculate “value at risk” measures – what is the loss which will not be exceeded with 95% confidence etc. Provisions for losses on existing transactions can be calculated. The value of secondary debt, call option rights, credit enhancements etc. can be easily calculated. Aircraft values can be calculated implicitly if there is no active trading but only a lease market. Factors such as cycle, term, lessee quality, market interest rate are automatically taken into account when translating a market rental to an aircraft market value. Finally, sensitivity can be tested for aircraft value, obligor quality, transaction conditions, cycle timing and amplitude etc.



A single investor transaction is shown in the chart below:
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Limitations The model we have described above is as good as the quality of our assumptions and input. Historical observations of aircraft values and default risk are limited as a predictor of the future. Transaction costs are based on past averages. Historical data are limited compared to the stock market where millions of securities are traded every day. Future value patterns are hard to predict because they i.a. depend on technological advances. Traffic growth could be dramatically affected by fuel cost or wars, or alternative technologies to air travel. Inflation assumptions may be off. Voluntary redemption or prepayment rights are not accounted for. Documentation risk – the risk that contracts are unenforceable, failure by the operator to maintain the aircraft, confiscation risk and debtor’s protections are not accounted for. Repossession of the aircraft is assumed to take place after a down time period depending upon aircraft type and the status of the aircraft value cycle. The aircraft is assumed to be sold after repossession. It is not contemplated that the aircraft could be re-leased and sold at a later date.



In this case there is actually symmetry around the mean. It is like a stock investment. You will note a higher average downside risk but also a higher upside potential – without the absolute cut-off you find in loans. The outcome shows a bigger dispersion around the mean than for a senior loan. What is a Good Deal? When is a proposed deal a good one? If you can expect to make more money and take less risk by buying US treasury bonds or investing in a mutual fund – you should not enter into an illiquid transaction. That is rule number one. Rule number two is that you have to decide how much return you require and then make sure to incur the least necessary risk to achieve such return. We have analysed publicly quoted securities and investment portfolios in our model and attempted to establish an approximate market line. This line would say how much the market expects in return from an investment for a given expected average downside risk.



However, SAFE gives a comprehensive framework for breaking down the guesswork and assures a consistency in the decision making process. It is somewhat comforting to see that each and every loss making aircraft loan PK AIR entered into in the heady days of 1989 and 1990 would have been avoided if the discipline of this model had been applied.



However, this is only a general intuitive assessment. Issues such as diversification and cross-collateralization, optimal portfolio construction, and taxes need to be considered since these influence the risk/return profile of a portfolio investor.
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