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Ryanair tends to operate to destinations from its UK bases that are not the main airports in the country
being served and in this it differs from many other European low cost carriers. Although direct
competition is not provided in the way that rival services operate between identical pairs of airports,
indirect competition is provided. This raises the question, when Ryanair commence services, what is
the impact on the market share of the incumbent airlines at these other airports? It seems that total
traffic is stimulated on these sectors and that the incumbent's traffic generally falls whilst their share,
and probably their yield, also falls as Ryanair competes. Ryanair appears to gain more market share

than its initial stimulus to the market.
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1.0 Introduction
Low cost airlines in Europe have been particularly successful, experiencing a
buoyant market with considerable growth in their traffic. One of the most successful
is Ryanair, based in Dublin, Ireland, but operating from a variety of UK airports,

especially London Stansted (STN)?.

In some instances, Ryanair operates to the same continental airport destination
as other airlines offering competing service from other London area airports, in
particular, London Heathrow (LHR) and London Gatwick (LGW), but mostly it
operates to alternative airports in the destination country. For example, if British
Airways from LHR serves Stockholm Arlanda (ARN), then Ryanair serves
Stockholm Skavsta (NYO) and Vasteras (VST), airports that are some distance away
from Stockholm city business district. Ryanair adopts this strategy, because apart
from offering a low frills service at a low price, it often has achieved agreements with
local airports (sometimes to the annoyance of domestic flag carriers) that are to its
advantage, as well as, arguably, to the local region®. There are a variety of cases in
which Ryanair has inaugurated competitive services from STN and it is the objective
of this paper to estimate the importance of and impact of this competition. This can be
done by examining the growth of traffic and market shares by route, an approach
examined by CAA (1998) and Barrett (2000)*. However, this process can generate
hypotheses rather than conclusive answers and so Autoregressive Integrated Moving
Average (ARIMA) modelling with intervention analysis is used to identify the impact

of Ryanair’s presence on the combined market between the selected origins and

2 Barrett (2004b) has recently investigated the sustainability of the Ryanair model.

® Barrett (2004a) comments on the airport, low-cost airline relationship.

* It would be nice to be able to analyse the total traffic by the market segments that constitute the total,
but the available data does not allow such an approach.



destinations. This parallels the work on adjacent competition from airlines undertaken
by Richards (1996) and Morrison (2001) and to the extent that indirect competition is
found to have a genuine impact on market shares, lessons can also be drawn on the

relative necessity for freeing up slots at the main London airports.

The next section briefly outlines the history, geography and economics of low
cost airlines. Section 3 provides an overview of market growth and market share and
details the routes analysed and the sources of data. Section 4 both outlines the time
series methodology of intervention analysis and implements it by route. Comparisons

are made with the market share held by Ryanair. Conclusions are given in section 5.

2.0 Low Cost Airlines

Southwest was the first airline to operate a low cost model, starting in Texas in
1971 (Calder, 2002). After deregulation it has expanded and now stands sixth in the
USA in terms of passenger-kms. A variety of other carriers have adopted this way of
operating, including Jetblue, Airtran and Spirit (see Doganis, 2001). In Europe, after
the liberalisation of air transport from 1993, Ryanair, easyJet and Virgin Express
pioneered the Southwest approach in a European context. In 1998, British Airways set
up a subsidiary, GO, to operate in this fashion as it was clearly convinced that this
represented an opportunity and was a way of responding to a competitive threat. This

airline was sold to easyJet in 2002.

In 2002, an established scheduled airline, BMI British Midland announced it
was setting up bmibaby, initially at East Midlands airport, in competition with GO.

This airport now has services from Ryanair, easyJet as well as bmibaby.



It has become apparent that carriers of this nature have been set up both in
Europe and the rest of the world, for example, German Wings, Iceland Express,
Virgin Blue, Freedom Air, Gol and Kulula. It is estimated that low-cost services
represent in the region of 10 percent of the total European passenger market (Francis

et al, 2005) and something like twenty percent of the European short haul market.

Although the way these airlines operate is not absolutely identical (Williams,
2001), they do focus on cost reductions. As there are some elements of airline
economics that they have little influence on, for example, fuel price, fuel burn and en-
route navigation charges, there are others that will influence the costs per seat-km
flown that they can influence. These include aircraft utilisation, aircraft turnround
times, seat pitch, the use of fewer crew and cheaper secondary airports along with
direct selling and paperless ticketing. Yield management is also much simpler for
these airlines as although the ticket price might vary by the hour as the departure date
and time of departure are approached, there is only one cabin class and these prices
are for everywhere in the cabin. The other crucial characteristic is how prices rise as
the departure date approaches, representing a different approach to yield management
than the traditional carriers. Some recent work has examined this aspect of their
activity (Pitfield 2005a, 2005b) and compared this to the network carriers (Tretheway,

2004).

3.0 Market Share and Growth

3.1 Data Sources
The data on passengers carried is available from the UK CAA and the more

recent information is accessible from the web (see CAA website). From this, monthly



totals of scheduled passengers between the UK and countries worldwide can be
obtained by cities and by airports. The monthly OAG guide gives corresponding
information for the scheduled airlines operating the route, the frequency of service
offered and the aircraft type. The information for February 2003, for example, is
given in OAG (2003) whereas earlier guides give information for earlier months and
years. As airlines tend to operate summer and winter schedules, for historic data it is
important to have a summer month and a winter month guide for each of the years

analysed.

3.2 The Selected Airports

Airports were chosen where Ryanair operated services and where there was a
sufficient time history of services on the route before Ryanair began operating, to
allow time series to be developed for pre-Ryanair data. That means that Irish routes
are not eligible and indeed, some of these were operated by Ryanair before it adopted

the Southwest model of operation.

The CAA records country-to-country traffic, distinguishing airports. If airlines
use different airports their traffic can be deduced. For the selected cases the origin
airports in London are always different, so although in two cases the destination
airport is identical, the traffic can be distinguished by airline. Where two or more flag
carriers are offering, say, service from LHR to HAM, then this cannot be broken

down into the constituent parts

Looking at the extensive point-to-point offerings by Ryanair it is not easy

to see where other good cases could come from. Other routes from London include



Glasgow but this case may be obscured by surface competition, and Torp is another,
but was excluded initially as it is some 75 miles from Oslo; travellers may not be
heading for Oslo. In any case, the Stockholm case allows the investigation of a
distantly located secondary airport. Malmo has a patchy time history before Ryanair
so a pre-intervention model would be difficult to build. Looking at city pairs that
exclude London, a good case is Frankfurt to Pisa where Ryanair from Hahn offers
service in competition to Lufthansa, British Midland and Air Dolomiti from the main
Frankfurt airport, but of course the UK CAA does not have these passenger statistics.
As a result, the routes examined are from London to Genoa (GOA), Hamburg (HAM),
Pisa (PSA), Stockholm and Venice. The CAA data allows airport totals to be obtained
from 1991-2003° whereas the OAG data provides the airline operating the route, the

frequency and the aircraft type and thus its capacity.

3.3 An Overview of Relative Performance

Table 3.1 shows the growth on each route before the involvement of Ryanair
and the growth rate afterwards. The three Italian leisure destinations display a
different pattern to the other two, STO and HAM, which are more business-like
destinations. Growth for the leisure destinations is raised considerably by Ryanair’s

market entry; this is not the case for the two business destinations.

Table 3.2 shows market share achieved by Ryanair in the first month of
operation, in the first year of operation and in 2003. Again there seems to be a
difference between the Italian destinations and the other two. However, the Venice

route also looks closer in character to the other northern European destinations in that

> This choice of dates is unlikely to distort any conclusions based on an analysis of the time series as a
complete economic cycle is included in this period.



although the initial market penetration is good, it does not grow as rapidly as GOA or
PSA. This is almost certainly because of the competition offered by easyJet from
STN- VCE. It seems that where competition is less and a dominant market role is
achieved, large market shares can be achieved. The resulting market share is less if

there is more competition.

The final Table in this section (Table 3.3) shows the total passengers on the
route from the time that Ryanair started its service and Ryanair's traffic. In two cases
it dominates the market; in another it seems to be restrained by another low-cost
carrier and in the remainder, it is dealing with a less vibrant and more business
orientated market. It seems likely that latent demand is being exploited and that
competitor's traffic has also been affected. More definitive results on the impact on
the market must await the intervention analysis as the discussion in this section can

generate hypotheses, but not test them.

4.0. ARIMA Models and Intervention Analysis

ARIMA modelling is usually concerned with producing models that replicate
the typical behaviour of a time series®. However, it is important to be able to explain
any disruption to normal behaviour and so intervention analysis is used to analyse the
introduction of Ryanair services on these routes’. To this end, first an ARIMA model
is found that replicates the time series before the intervention. This is identified in the

usual manner using Autocorrelation Function (ACF) and Partial Autocorrelation

® For a good reference source, see Wei (1994).

" Of course, the variety of other influences on the time series, such as general changes in origin and
destination economies, fears on safety and security and the like are not causally modelled. The
estimated intervention for Ryanair is likely to be relatively robust if it does not coincide with another
particular intervention on the series.



Function (PACF) plots accompanied by a tendency to be parsimonious in the number

of parameters specified. The residuals of this model must be white noise.

The model form is then re-estimated on the whole time series, including the
intervention, with this taking the characteristics of a binary dummy variable
representing a step function®. The coefficient can be interpreted as showing the impact

of the intervention on the whole time series.

ARIMA models that result in good fit statistics and white noise residuals (as
here for the pre-intervention data) successfully model the movements of the series
which may be accounted for by a variety of indigenous factors, such as airlines'
changing service offerings, factors that affect the general level of traffic such as GDP
etc without specifically accounting for them or any one off influences such as 9/11. If
these models were inadequate such external interventions would have to be
specifically accounted for even though they are not the focus of interest. The
intervention of interest is Ryanair’s' entry to the route that is modelled as a specific
intervention. This estimate would only be confounded if another external event took

place at the same or similar time and this doesn’t seem to be the case.

Although in essence the above describes the procedure followed, as the data is
monthly over a 12 year period, so it is subject to seasonal variations and an inspection
of a simple time series plot of traffic illustrates that. Consequently, an ARIMA model
will have a seasonal component which is a little harder to estimate than a non-

seasonal model. In outline, the procedure is to first make the variance of the series a

8 If the series is subsequently differenced, so this becomes a pulse function. A permanent step in the
level of the market shows up as a one time pulse in a differenced series.



constant by taking a logarithmic transformation. ACF and PACF plots are then
investigated at suitable lags, which in this case is in multiples of 12. If the
autocorrelations do not die out rapidly at these lags, then the series needs to be
seasonally differenced and, as usual, if the ACF of this differenced series shows a
single spike and the PACF attenuates from the first seasonal lag, then a Moving
Average model with one parameter, MA(1), is suggested as the seasonal model
component. If the ACF had a pair of spikes, the model would be a MA(2).
Conversely, if the PACF shows a single spike, and the ACF attenuates, then an
Autoregressive model with one parameter, AR(1), is suggested, whereas if the PACF

has two spikes, it should be AR(2).

The residuals of this model can then be investigated to determine the non-
seasonal component and the same rules then apply on the interpretation of the ACF

and the PACF on these residuals in suggesting the model form.

After estimating both components of this model and checking that the
resulting residuals are white noise, this model can be re-estimated for the whole of the
data series, including binary intervention variable(s). The formal details on ARIMA

models and the assessment of fit are shown in the Appendix to this paper.

4.1 Route by Route Analysis: Market Share and Intervention Analysis
4.11 Genoa
Genoa (GOA) is served throughout the period by British Airways from LGW

and Ryanair commenced operations in May 1999 from STN. Unusually, this is one of



the rare cases where Ryanair is serving the same destination airport as the competing

airlines.

Analysing the growth of traffic, month by month, for 1991-2003 clearly shows
the initial increasing trend in traffic from LGW, then the very rapid growth of Ryanair
following its introduction of service to be the largest carrier to GOA. Scheduled
traffic grew at an average annual rate of 15.8 percent. In the first full year of
operation, Ryanair became the biggest carrier on the route and then grew at an
average of 24.5 percent per annum. Its first full year of operation saw 85.7 percent

growth.

Examining market shares by year shows that up to 1998, LGW provided most
of the market capacity®. However, by 1999 with operations from STN starting in May,
this share fell to 57.2 percent. Since then the STN share has been dominant being just

under 70 percent in 2003 which adequately reflects its share of frequency.

If a time series plot of the monthly data is examined it seems to portray a
relatively simple case; a rising trend in the overall market and Ryanair becoming the
dominant carrier to GOA at the expense of British Airways. However, the only
definitive way in which to demonstrate this with rigour is to undertake an intervention

analysis.

° In July and September 1994, the CAA data records scheduled passengers to GOA from LHR,
however, the OAG records no scheduled carrier. This discrepancy is small and was ignored.
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First the Genoa data series of total traffic'® before the intervention of Ryanair
is transformed into logarithms to ensure the variance is constant and the ACF
inspected over seasonal peaks at lags of 12, 24, 36 months etc. The peaks revealed
here suggest that the series is seasonally differenced. Inspecting the ACF and PACF
of this transformed series suggests a seasonal AR(1) model. An analysis of the
residuals from this model, in turn, suggests a non-seasonal autoregressive model with
either one or two parameters. Both of these models when applied produce white noise
residuals with the standard error of the two parameter model being slightly lower
although the one parameter model might be preferred for parsimonious reasons and

because of its goodness of fit.

If the whole total series from 1991 to 2003 is then modelled using the model
forms identified above, plus an intervention variable, then the impact of Ryanair’s
start-up from Stansted can be calculated on the British Airways’ traffic from Gatwick.
The details of these models are shown in an Appendix**. The standard error of the two
parameter model is slightly lower and the coefficient of the intervention variable
suggests that the market grew by 44 percent because of the participation of Ryanair.
By 2003, Ryanair’s share of the market was 70 percent, as shown above, so not only
did it result in the growth of the market, it also took about 25 percent of British
Airways’ traffic. The relative change in frequencies offered reflects this statistical
finding. If the other model is examined, which has superior RMS and U values, then
Ryanair had a 48 percent impact suggesting it took slightly less traffic from British

Airways.

19 This is largely British Airways from LGW as traffic from LHR only occurs for two months over the
whole period.
! This Appendix is available on request from the author
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4.12 Hamburg

Hamburg is served by Hamburg Airport (HAM), just north of the city centre
and Hamburg Luebeck (LBC) some 40 miles north-east. HAM is served throughout
the period from LHR by British Airways and Lufthansa. From the mid-1990's to early
2001 British Airways also offered service from LGW and Hamburg Airlines offered
services in 1991 and 1994, carrying very small numbers. Services from STN were
first offered in 1995 by AirUK, then by Gill Airways in 1998-9, then by Lufthansa
and Buzz and in mid-2001, briefly, by BMI British Midland. At the end of 2002, Air
Berlin started to offer service. Service was briefly offered by Lufthansa from London
City Airport (LCY) in the early 21% century. LBC has been served by Ryanair since

June 2000.

Scheduled traffic grew by 90.7 percent to 774,586 in 2003. For Ryanair, traffic
grew from 12,466 to 238,802 for complete years of operation, an increase of 91.5
percent. Examining the annual absolute and percentage change in traffic shows, on
average, that traffic to Hamburg went up 5.8 percent per annum, whilst Ryanair's

traffic grew at 39.0 percent per annum from 2001.

If annual market share is examined then it can be seen that LHR's percent
share falls below 90 percent for the first time in 1996 and down to below 80 percent
for the next three years as increased market share is taken by primarily LGW. The
STN-HAM share increases dramatically in 2000 when Lufthansa and Buzz offer
service but when the Ryanair service starts from STN - LBC, the latter grows to 30.8

percent in 2003, with LHR still dominant at 59.1 percent.

12



Hamburg proved the most difficult data series to model. A variety of models
were experimented with following the usual procedure of identifying model form and
the most satisfactory appear to be seasonal and non-seasonal AR(1) models applied to
seasonally and regularly differenced data. Models with more than one seasonal
autoregressive parameter ought to be discounted as McDowall et al (1980) state that

although they are possible, they are rare.

Applying the AR(1) model to all the data, now including the post Ryanair
start-up traffic represented by an intervention variable, gives a coefficient of 0.117
with t=2.100 and SE=0.076; the full results are shown in the Appendix. The
coefficient suggests Ryanair expanded the total market by 12 percent and this may be
a product of the fact that this total series includes not only traffic from LHR, LGW

and LCY, but also other traffic from STN.

If the traffic from LHR is isolated, a similar model applied to Ryanair’s traffic
plus the total for 12 years from LHR gives a significant intervention coefficient at
0.19. Ryanair’s impact on the LHR plus its own market was plus 19 percent, but by

2003 it was taking 33 percent of the total market.

A similar analysis was conducted for traffic from LHR plus LGW. This results

in a significant estimate of intervention at 14 percent.

It is gratifying that the suggested expansion of the market, irrespective of

which set of models is used, has a gradation that is logical in that, the whole market

has the smallest suggested expansion, whilst the LHR market plus Ryanair has the

13



largest suggested expansion. In addition, unlike Genoa, Ryanair is flying to a different
airport in the destination country so we might expect its impact to be smaller. We
might also expect this as there is also more competition in the sector. It seems Ryanair
expanded the market and took a little less than the same volume of traffic from its

competitors.

4.13 Pisa

Pisa is both a destination in its own right on the coast of Tuscany as well as a
gateway to that region and Florence. Initially, it was served by British Airways and
Alitalia from LHR. In March 1997, Alitalia moved its services to LGW and, in April
1997, it was joined by British Airways who withdrew from LHR. Ryanair
commenced service in June 1998 and by the next year was taking nearly 50 percent
of the market. It became the biggest carrier in 2000 after Alitalia withdrew from the

route.

Traffic grew to 504,207 in 2003; an increase of 210 percent from 1991. In the
first full year of operation, Ryanair had 165,902 passengers and this reached 318,916
by 2003, a growth of 92.2 percent in only four years. On average the overall market
grew at 12.8 percent per annum, whilst the Ryanair market grew at 18.4 percent per
annum. In Ryanair's first full year of operation it took 45.4 percent of a 1999 market
which had grown 23.5 percent in that year. It took 57.6 percent of the market the next
year and since then it has exceeded a 60 percent share. It seems Ryanair has both
encouraged a growth in the market and taken traffic away from incumbents,

especially Alitalia.
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To replicate the time series before the intervention of Ryanair, it is necessary
to take logarithms of the data and then to seasonally difference it with a periodicity of
12. Examination of the ACF and PACF plots at periodic lags suggests an AR(1)
seasonal model and an investigation of the residuals from this gives a non-seasonal

autoregressive model with one parameter. The residuals of this model are white noise.

Re-estimating this model form for the whole data series along with the
intervention, gives the coefficients and goodness-of-fit recorded in the Appendix.
These results can be interpreted as showing that Ryanair resulted in a 30 percent
increase in the traffic on the route. This in turn suggests that Ryanair grew the market
and also took about the same percentage share from its competitors, especially
Alitalia, as it had a 63.3 percent overall share by 2003.*2. This is statistical proof for
the hypotheses suggested that Ryanair is responsible for both increasing the size of

the market and taking traffic from incumbents.

4.14 Stockholm

Stockholm is served by four airports. ARN, the principal airport, is 24 miles
north of the city centre and Bromma (BMA), which has seen service from LCY, is
some nine miles from the centre. Considerably more distant are NYO at Nykoping

and VST, both around 60 miles away™.

ARN is served throughout the period by British Airways and Scandinavian

Airline System (SAS) from LHR. From 1998 to early 2001, SAS also provided a

12 However, analysing Alitalia’s withdrawal as a second binary intervention variable does not yield
significant results.

3 This may matter less than at first seems likely as Barrett (2000) quotes Nielsen (1999) that "half of
the route's passengers are Stockholm citizens, proving the local catchment area's acceptance of this
fledgling airport.”
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service from STN. Transwede then British Airways and Finnair and lastly British
Airways alone offered service to ARN from LGW; all service offerings from LGW
were terminated in 2001. Malmo Aviation offered sporadic service from LCY to
BMA in 1992-3 and 1998-9. Ryanair provides the remaining services to NYO and
VST from STN. NYO services started in 1997 and VST in 2001. Scheduled traffic
grew from an annual total of 520,312 in 1991 to 1,279,587 in 2003, an increase of
145.9 percent. Within these totals Ryanair traffic grew from 89,776, when service was
only offered to NYO, to 429,599 in 2003, an increase of some 378.5 percent. Traffic
from STN soon surpassed the LGW totals. Overall, on average, traffic to Stockholm
increased 8.3 percent per annum, whilst Ryanair's traffic grew at 18.0 percent per
annum on average from 1998 when service was first offered for a full calendar year.
The rival SAS service from STN to ARN never achieved significant passenger

numbers and was discontinued in 2001.

Whereas, LHR and LGW dominate the sector in the early 1990's in terms of
market share, by 2002 and 2003, these shares had shrunk to 71.6 and 66.4 percent

respectively whilst Ryanair's share has grown to 28.6 and 33.5 percent.

First of all the impact of Ryanair’s service to NYO was investigated using
ARIMA. This involved modelling the total traffic, without any Ryanair services, up to
1997, and then modelling the total series from 1991 to 2003, including Ryanair’s
service to NYO, but excluding the service later offered to VST. The model
coefficients are shown in the Appendix where it can be seen that the model that gives
white noise residuals has a seasonally autoregressive term and two autoregressive

non-seasonal terms. As usual this is fitted to the seasonally differenced logarithms of

16



the data. The intervention coefficient is significant and suggests the start up of
Ryanair at STN expanded the total market by 10 percent. By 2003, the share of the

traffic to NYO was 25 percent of the total being examined.

An attempt to similarly investigate the impact of the start up to VST was
undertaken, however, a separate significant intervention could not be determined,
perhaps because the time series post-intervention is quite short. Nevertheless, if
Ryanair’s total traffic from STN is taken as the intervention, then another model in
the Appendix is derived with a significant intervention also at 10 percent. If the
impact on just the LHR traffic is examined, the intervention is 15 percent. Both of

these models are applied to both seasonally and regularly differenced data.

Again the relative size of these coefficients is intuitively correct and it seems
that Ryanair has taken 10-15 percent of British Airways and SAS’s traffic. This
magnitude of impact is again feasible as Ryanair serves two different airports to ARN
and the traffic may well be somewhat more business orientated, where fares matter

less.

4.15 Venice

Venice Marco Polo Airport (VCE) is the principal airport of the city but
service is also offered to Treviso (TSF), about twenty miles away. In the early 1990's,
British Airways and Alitalia offered service to VCE from LHR, but Alitalia moved to
LGW in late 1994. British Airways discontinued its service in mid-2000 and switched

to LGW. There was no service at all from LHR from then, until BMI British Midland

17



commenced services in 2003. When British Airways switched to LGW, for a year
Alitalia offered service, but it withdrew leaving British Airways on its own. In 2002-

2003, British Airways was joined by Volare, but the latter soon withdrew.

Ryanair started services to TSF in 1998 and in December of the same year,
GO, a low cost subsidiary of British Airways, began operating from STN to VCE.
This service became an easyJet service on its take-over of GO in 2002. Scheduled
traffic grew from a total of 147,803 in 1991 to 846,526 in 2003, an increase of 472.7
percent**. Within these totals, the Ryanair traffic grew from 77,873 to 365,785 in
2003, an increase of 369.7 percent. On average, traffic to Venice went up 16.3 percent
per annum, whilst the Ryanair route averaged 37.8 percent growth per annum. Indeed,
the large overall percentage increase in traffic in the two years up to 2000 is largely
accounted for by the low cost carriers and whilst Ryanair's growth continues in the
21% century, the GO/easyJet service steadied around the 160,000 passengers carried

mark, some 200,000 behind Ryanair.

If market share is examined, the early dominance of LHR is shown, followed
by the joint dominance of LHR and LGW. By 1998, however, the Ryanair service
accounts for 18.8 percent of the traffic. By 2003, this share has grown to 43.2 percent,
with LGW at 30.8 percent and the easylJet service at 19.6 percent. The low cost
carriers are taking well over half the market and some of this may be at the expense of

LGW share but again, to demonstrate this requires intervention analysis.

' This increase, by comparison to the growth in traffic to Stockholm, probably reflects the relative
suitability of the low cost carriers to the leisure market traffic that is more important at VCE than STO.
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In this case it is possible to investigate both the intervention of Ryanair and the
subsequent intervention of GO. Following the usual procedures gives white noise
residuals for a model with a moving average parameter and a seasonal autoregressive
parameter, all applied to seasonally and regularly differenced logarithms of the data
before the interventions. Re-estimating this model with two binary intervention
variables gives the results in the Appendix. It can be seen that Ryanair increased the
market by 26 percent whilst GO/easyJet added a further 24 percent. By 2003 the two
low cost carriers accounted for nearly 63 percent of the market. Of this total Ryanair
is carrying over 43 percent of the traffic so it seems clear that it took share away from
its competitors, including the LGW based services and this is reflected in a change in
the relative frequencies offered. It also took traffic from easyJet as by 2003 easyJet
had a market share less than its initial impact on the market. As easyJet’s traffic also
stagnates relatively after its first year it can be suggested that Ryanair has been

considerably more successful than its low cost competitor.

5.0 Conclusions

By using ARIMA modelling with intervention analysis it has been possible to
suggest the actual impact on the market. These estimates are quite robust, as even if
the underlying ARIMA modelled is changed, the intervention coefficients change
little. Such estimates of impact are superior to the percentage analysis where it is only
possible to generate hypotheses. The intervention analysis allows the impact of
Ryanair to be judged on the whole time series, including the period of intervention, so
not only can their impact on the sector be shown, but when this is compared to

achieved market shares, much more definite inferences can be drawn on the
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competitive impact of the airline. It is clear that its actual impact has been

considerable.

First, the Italian, mostly leisure, destinations, GOA, PSA and VCE can be
considered. For the first two, the interventions are large. Ryanair serves the same
airport as its competitors and they are flag carriers. In the case of VCE, Ryanair
serves a different airport and it also has competition from another low cost carrier at
the principal airport. The intervention effect is less. For the two more business
orientated destinations the competitors are traditional scheduled carriers. For much of
the time there are more than one of these competitors per route and Ryanair is serving
an alternative airport. In these cases the size of the intervention is less. This hierarchy
of impacts is completely consistent as it correlates with both the growth of the market
and the market share held by Ryanair. The intervention, the growth and the ultimate
share will all be bigger if there is little competition; if it is of a traditional type; the

destination is primarily leisure and Ryanair serves the same airport as the competition.

This reinforces the tentative and preliminary conclusions of Barrett (2000)
who focussed on airport competition but did examine Ryanair’s services from STN as
one case study. The share of new entrants by 2002 is shown in Barrett (2004a) and
updated for some of those cases here. However, this paper has moved beyond the
simple analysis of shares to analytically establishing the degree of impact of Ryanair
and, given its actual market share, its substantial impact on the incumbents; they lost

market share or abandoned their services.
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The paper demonstrates that Ryanair has had a real competitive impact on
market share and enables questions to be raised over certain policy matters such as the

need to free up slots at the main London airports.
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Table 3.1: Growth by Route before and after Ryanair

Before Ryanair

Destination Annual average % growth
GOA 14.2

HAM 6.0

PSA 6.8

STO 94

VCE 121

'° Start dates are GOA, 1999; HAM, 2000; PSA, 1998; NYO, 1997, VST, 2001;VCE, 1998.

After Ryanair™

Annual average % growth
18.1

5.5

18.8

7.6

20.6
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Table 3.2: Market Share, Month one, first year and 2003

Destination

GOA

HAM

PSA

STO-NYO
- VST

VCE

First month
%

16.1

13.7

26.7

6.6

51

17.3

Full year
%

62.5
18.7
45.4
15.3

7.9

21.9

2003

%

68.4

25.9

63.3

221

115

21.8
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Table 3.3: Ryanair’s Market Share since Ryanair start-up.

Destination

GOA

HAM

PSA

STO-NYO

- VST

VCE

Ryanair pax
649146
620848
1377894
1556480
321999

1353178

Total pax
986327

2895188
2467321
8879907
3899533

3932951

Ryanair percent
65.8

21.4

55.8

17.5

8.3

34.4
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Appendix
ARIMA Models

ARIMA models are normally described by three parameters, (p,d,q). p refers
to the order of a vector of autoregressive parameters AR(p), d refers to the degree of
differencing and q to the order of a vector of moving average parameters, MA(Q). So

a ARIMA(1,0,0) or AR(1) model can be written as

Yi=¢, Y+ a (1.1)

and using the backshift operator, B Y,- Y,

(I-9iB) Y = a (1.2)
where Y; is the time series data and «, is the disturbance or random shock at time ¢.
There is a tendency to favour parsimonious models as well as to avoid some mixed
models which may suffer from parameter redundancy ( McDowell et al, 1980).

If the data, Y; is differenced before the application of the model so as to ensure
stationarity, then a (1,1,0) model results and Y, is replaced by z,= Y, - Y,; and the

backshift operator now is interms of z, as B z, - z,;

If the model has a seasonal component, for example, if the data is gathered
over a long period of time and is recorded for short intervals within this period, then it
will be necessary to specify a seasonal ARIMA model. These are also described by
three parameters (P,D,Q)S where P refers to the order of a seasonal autoregressive

vector, D refers to the degree of seasonal differencing and Q is the order of a vector
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of moving average parameters. S is equal to 12 as the data is monthly with an annual

periodicity. So a SAR(1) or Seasonal ARIMA(1,0,0)12 model can be written as

Yi=@p; Yt a (1.3)

and using the backshift operator, B* , which as it is raised to a power involves

repeating it,

(I- ;") Y, = q, (1.4)
If seasonal differencing is required, then this model is applied to the seasonal

differences, w,=Y; - Y.p>.

Combining the two model components multiplicatively, gives an

ARIMA(p,d,q)(P,D,Q)S model which can be generally represented as

¢ p(B*) @,(B)(1-B)(1-B>)z, = 0,(B) O (B®)a, (1.5)

Variations can be derived from (1.5), for example an ARIMA (1,1,0)(1,1,0)12
is applied to the regularly and seasonally differenced data where
wi=z-Ze12 = (Ye- Ye))-(Yerz- Yia3)
and is given by

W= @1 Wep +Prowepp- 01 Prowegs + a (1.6)
and using the backshift operators, B and B'? now applied to w,

(I- p,B)(1- ®;:B") w,=a, (1.7)
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Inspection of the ACF and PACF determine p,d,g and P,D,Q as indicated above,

although it is the consensus that this process is as much art as science.

When specifying an intervention term there is a choice between an abrupt
immediate intervention and a more gradual impact. It was decided to investigate an
abrupt impact as it is clear from the preliminary analysis of the routes that when
Ryanair begins to serve a route, its impact is considerable and immediate and the
correct interpretation of the intervention coefficient is as an impact on the whole
series. In addition, it is hard to know a priori what form the gradual impact should
take, for example, should the first 12 months have increments of one-twelfth adding
up to 1 by month 12 or be based on changes on flight frequency? The former case
seems both arbitrary and inappropriate and the latter suggests that frequency drives
demand when a route is first opened. This may or may not be the case but for all these

reasons, an abrupt impact was selected.

Assessing Model Fit.

It is common in time series modelling to not only require the residuals of the
model to be white noise (as shown by the Box-Ljung Q statistics) but for the model to
replicate the cycles in the data and to generally mimic the data adequately. The first of
these requirements can be undertaken through visual inspection but the latter requires
some additional calculations. An obvious statistic to invoke here is the root mean

square error which is

RMS = \[1/TY (V) -Y)?. (1.8)

where Y,* = forecast value of Y,
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Y= the actual values and T = time periods

However, this statistic is influenced by the absolute scale of the errors, so comparison
between model fits is difficult. This difficulty can be overcome if Theil’s inequality
coefficient, U, is used as the denominator of the coefficient corrects for differences in

scale.

U= JUTY. (¥ -Y") / VUTY (F))? + LT (1) (1.9)

In addition, it can be broken down into the bias, the variance and the covariance
proportions of U where UM is an indication of systematic error, U® indicates the

ability of the model to replicate the degree of variability in the data and U® shows the

U= (Y -y /)Y (v -Y")? (1.10)
U= (o, -0,)2/WIT) Y. (¥ -Y*)? (1.11)
U®=2(L- p)o,o, [UT)Y (Y -1)° (1.12)

unsystematic error. UM, U® and UM sum to 1 and ideally, UM, U® =0 and UM = 1.

(Pindyck and Rubinfeld, 1998)
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