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The Aircraft Value Cycle 0. Introduction



by Nils Hallerström ([email protected]) PK AirFinance – www.pkair.com Updated 2000-05-15



ted. This trend-line illustrates the depreciation pattern of the B727-100 ignoring cyclical movements in prices. This secular trend-line is labelled a “Base Value” by the ISTAT appraisal community. It represents the trading value of the aircraft if there were no supply and demand imbalances in the market.



It is often said that the aviation business is cyclical. Air traffic, airline profits, aircraft orders, aircraft deliveries, and many other factors move along a cyclical pattern. So do aircraft values. The economic result from buying, selling, leasing and/or financing aircraft will be greatly influenced by the timing of an investment or divestment in relation to the aircraft value cycle.
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This article will review the historical cyclicality of aircraft values, discuss the causes of such cyclicality, and propose a way of predicting the aircraft value cycle.
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1. Historical evidence PK AIR has built a database with historical resale prices of aircraft containing information about 4,000 sales transactions since 1970. Extracting data for different aircraft types has allowed PK AIR to statistically analyze depreciation patterns, cyclicality and volatility.
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The chart below shows resale prices for the B727-100, which is a good example, since the aircraft type is through its useful life. The cyclical behaviour of the market value is evident in the trend-line1 through the data points.
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Avmark Half-life Values (M$) for B727-100 with Base Value trend-line
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In order to get a sense of the magnitude of the cyclical swings in aircraft values, the cyclical variation can be expressed as a percentage of the Base Value. In the chart below you will note that values have swung up to 70% of Base Value. The swings appear to increase over time.
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B727-100 Historical Resale Prices ($000) with trend-line
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Using Avmark’s semi-annual half-life valuations for the same aircraft type in the chart below gives a similar picture. For illustration and further analysis a secular trend-line has been plot-
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All trend-lines in this article have been generated using numerical smoothing based upon spline functions with variable stiffness. This methodology avoids the shortcomings of moving averages and imposed shapes such as straight line or exponential growth.
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Cyclical variation of B727-100 values as a percentage of Base Value
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The load factor has improved thanks to yield management systems and scheduling techniques. Although a high load factor is desirable in the airline’s profit equation, there can be an opportunity cost to high load factors. This opportunity cost is a result of the volatility in demand for seats on a given route. This means that the airline may have to turn away potential passengers on some flights at peak times if the quest for high load factor has been pushed too far.



The cyclical variation of MD-80 values in the chart below shows a calmer pattern, with up to 15% swings. However, the MD-80 is a younger type aircraft than the B727-100 and value swings may become more dramatic in later cycles.
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Blockspeed increased dramatically up through the 1960’s when aircraft became equipped first with pressurised cabins, then turbine engines and then jet engines. Ignoring a few Concords, the average block speed has hardly increased after the 1960’s. Some turboprops are still being replaced by jets but the effect on the world-wide fleet is negligible.
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Utilisation has increased thanks to improved scheduling and longer range aircraft. However, there are limitations to how much you can utilise an aircraft. For example, passengers do not like to take flights leaving at midnight nor do they like arriving at four o’clock in the morning. On average, there is still growth in utilisation because long haul traffic grows faster than short haul. Since long haul planes spend 15 to 20 hours in the air per day versus 6 to 12 for short haul planes, the average fleet utilisation increases as long haul traffic increases as a proportion of the total.
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Cyclical variation of MD-80 values as percentage of Base Value



We have examined the cyclical variation in values for a broad range of aircraft types. Although the swings in value vary in relative amplitude by type, their frequencies are almost perfectly correlated in time.



Load factor and utilisation are two parameters the airline can adjust on short notice to accommodate a variation in demand. However, traffic may grow to a point where these parameters can no longer expand and the airline must purchase additional seats, or contract and seats need to be disposed of. These points are reached at different times for different operators. Aircraft are truly global assets; they can be transferred to new operators within days. But new ones take a long time to build.



2. Why do aircraft values swing? Economic theory says that the price of an asset rises when demand is higher than supply and vice versa. It seems that supply and demand for aircraft are mostly out of balance. The fundamental reason for this is the time lag in the aircraft manufacturing process. In simple terms, airlines must estimate future traffic requirements and identify the need for additional aircraft. Orders are placed for aircraft which can only be delivered at a point in the future. The time lag is normally 12-18 months, sometimes longer if the orderbook is full. By the time the aircraft is delivered, the airline’s requirement may already have changed. Traffic, is very difficult to predict in the short term.



Supply is easier to discuss than demand, since growth in the number of existing physical aircraft seats is the result of two factors; delivery of new seats less permanent retirement of existing seats. We will discuss these two factors later.



A good measure for demand for aircraft is air traffic, which can be expressed in revenue passenger miles flown per year. The relationship between production (revenue passenger miles; RPM) from one aircraft, load factor (LF), block speed (V), utilisation in hours (U) and number of seats (S) can be expressed as:



RPM = LF x V x U x S This relationship can be expanded to an airline and to the global air traffic market. Let us review each individual parameter.
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3. Amplitude of Cyclical Swings
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In the two charts below changes in demand and supply are shown during the last 32 years. Demand is illustrated by annual air traffic growth.



15%



13%



11%



9%



7%



5%



%



69



3%



71



73



75



77



79



81



83



85



87



89



91



93



95



97



99



01



03



05



07



Cumulative Difference Between Traffic Growth and Seat Growth
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It is easy to identify two components in this graph: A secular trend-line (as shown) and a cyclical movement around this trend-line. The secular trend-line is explained by the increased productivity of aircraft seats, as mentioned above. But this trend does not cause swings in aircraft values. The productivity changes are so gradual and predictable that the manufacturing system adapts without creating imbalances. The interesting component, and the primary point of this article, is the cyclical one. This component – the trend adjusted cumulative difference between RPM growth and seat growth – is the engine for cyclical aircraft value swings. It is shown in the chart below.
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Annual Traffic Growth World-wide, percentage.



The chart above illustrates high volatility and a slightly declining average growth rate. The growth in number of seats illustrated below shows less volatility. As discussed earlier, aircraft production rates cannot be varied overnight. In contrast to the demand trend-line, the supply trend-line displays a steeper decline. This is a reflection of the fact that each seat produces more RPMs over time thanks to improved load factors and utilisation.
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Trend adjusted Cumulative Difference Between Traffic Growth and Seat Growth
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The amplitude above zero in this cycle is a measure of the pentup relative capacity shortage in the global aircraft fleet, whereas an amplitude below zero represents a pent-up surplus. Peak and trough levels have varied between 6% and 15%. Let’s call this measure pent-up relative capacity shortage/surplus (PURCS for short). In PURCS peaks, airlines work with high load factors and fly the aircraft many hours per day. Aircraft will be more sought after and prices will rise. In troughs, seats are hard to fill and load factors go down, utilisation goes down as well. Aircraft resale prices fall.



Annual Growth in Physical Installed Jet Seats (deliveries less scrapping), Worldwide, percentage.



The cumulative difference between traffic growth and seat growth is shown in the chart below. The vertical axis shows percentage points but the absolute figure is less relevant. The cyclical line is the result of an integration (or accumulation) of the supply and demand growth rates and consequently the change in the level is of interest, as opposed to the absolute level.
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How much will prices rise or fall is the obvious next question. PK AIR has looked upon cycle sensitivity as the percentage rise or fall in current market value in relation to Base Value that an aircraft type will experience for every percent rise or fall in the PURCS amplitude. For example, the B727-100 in 1974 and the MD-80 in 1992 (in both cases the type of aircraft had been introduced approximately 10 years earlier) had cycle sensitivity factors of around two. For the B727-100, the factor increased to close to eight in the last cycle. There is a lack of data to calculate these factors for all aircraft types. Few types have been through their full life cycle and for very young aircraft, few second hand market transaction have been recorded. In the sampling we have done, it is clear that cycle sensitivity increases with: 1) poor operating efficiency (and therefore type age as aircraft have become ever more efficient) and 2) the greater number of seats a type can accommodate. This is as one would expect. In a trough, fewer people fly and the airline will operate only the aircraft which offer the lowest cost per RPM, that is the modern efficient ones, and the smaller aircraft which allow a decent load factor despite fewer passengers. In a peak, money can be made with less efficient aircraft and big aircraft are easy to fill.
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Actual Traffic Growth and Greenslet’s Subsequent Forecasts since 1982



If we could make predictions with absolute accuracy, the average error and the standard deviation would be zero for each forecasting horizon. Mr Greenslet’s forecasting record, graphed below shows that the traffic growth is predicted with reasonably good accuracy on average. However, the error has almost the same standard deviation for a one year and a five year horizon.



4. Can the cycle be predicted? 7%



History is fascinating, but to be guided in an investment/divestment decision it is necessary to contemplate the future. Three parameters go into the PURCS cycle; traffic growth, new seat deliveries, and retirement of existing seats. If these could be predicted over the time horizon for a cyclical swing (approximately 5 years), we would indeed be able to predict the next peak or the next trough.
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As could be seen in the chart of traffic growth above, the volatility is high. The short term variations in traffic are driven by world GDP growth; a factor notoriously difficult to predict. PK AIR has looked at the traffic forecast record of one respected analyst, Edmund S. Greenslet 2. The method used to measure historical forecasting accuracy was to compare successive annual forecasts with 15 years horizon with actual outcome. The average error and the standard deviation is calculated for forecasting horizons of one year, two years, etc. Mr Greenslet has consistently made and recorded forecasts since 1983, which means that the longest forecasting horizon in the sample which can be compared with actual outcome is 14 years. However, since forecasts started in 1983, we only have one single data point for the 14 years horizon. By cutting the analysis to forecasting accuracy over five years we have a minimum of nine data points.
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Average and Standard Deviation of Traffic Growth Forecasting Error



In other words, the short term swings in traffic growth are not captured in the forecasts. We doubt any other forecaster could show a better record – the swings are basically unpredictable. While we understand that using one forecaster’s predictions over time will not provide a statistically significant result, we believe the process is illustrative and the lack of data does not jeopardise our conclusion. Turning to deliveries of new seats, the situation is a little different. We do not possess anyone’s historical forecasts of seat deliveries, but we have Mr Greenslet’s forecasts of the number of aircraft deliveries, which is a close proxy. The same type of forecasting accuracy chart below shows again that the average error is small. But more encouraging, it shows that the
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standard deviation of error grows monotonously over a five year horizon to a stable level. This means that the variations in deliveries are actually captured with a declining degree of accuracy over a five year horizon.



A cluster of aircraft were delivered from 1966 to 1970. Those aircraft are nearly 30 years old. Although aircraft do not have limited technical lives, many of the “30 somethings” will become economically obsolete in the next downturn. As scrapping is a reaction to excess capacity, then it can be argued that retirements will not impact the timing of cyclical swings; rather it will act as a dampener. The degree of dampening is related to the age distribution of the fleet. Other influences are the regulatory pressures such as noise restrictions, penalties on other emissions, and mandatory actions related to age of aircraft.
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5. Conclusion
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We have discussed the three parameters which go into the PURCS cycle. In the short term, one is unpredictable – traffic growth, the second is predictable with a declining accuracy over five years – deliveries of new seats, and the third is somewhat predictable – retirement of existing seats. Although by no means perfect, this is encouraging.
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This is not surprising. We have already mentioned the inertia in the manufacturing process. Production rates cannot be altered overnight. A ramp up will take time. Additional people have to be hired and trained and parts have to be manufactured which will not form a complete aircraft until 12-18 months later. A slow down in production rate will also take time. A considerable amount of capital is tied up in work in progress. Skilled people cannot economically be laid off on short notice. The optimal slowdown is therefore gradual rather that abrupt.



We can take further comfort from the fact that the fluctuations we are trying to monitor are cyclical – a repetitive pattern displayed by a pendulum affected by a force which tries to bring it back to the point of equilibrium. In doing so, the pendulum, full of inertia, swings past that point until the force pulls it back again. And on we go. The force is the strife towards economically optimal load factors and aircraft utilisation. The inertia is in the ordering-production-delivery process. By measuring where the pendulum is today, we have a fairly good clue about where it is heading.



The third parameter, retirement, is problematic because it is dependent on the other two. In a capacity shortage situation, old planes are kept flying. In a capacity surplus situation, aircraft which have poor operating performance or aircraft which are in poor maintenance condition are scrapped. With respect to scrapping, there is guidance from the age distribution of the current population of aircraft. As aircraft deliveries have been cyclical, the age distribution shows some peaks and troughs as well.
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