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Executive Summary
The Norwegian airport system ientralized system, in which the Avinor Group acts
as a public firm delivering airport services to temtral and rural regions. The Avinor Group
(which includes OSL as a separate company) is resiple for the operation of 46 airports.
This report was initiated in a report to the Paeith(St. Meld. nr 48 (2008-2009)) following
concerns that Avinor was not operating in a coficieht manner. Concurrently, similar

concerns were stated by The Office of the Auditen&al of Norway.

E.1. Airport Costs and Revenues

1. Based on an analysis of 154 European airportsregy to 10 million passengers per
annum, it is clear that airport operations haveolbrex more costly over the last decade. An
econometric break-even analysis shows that on geerbout 400,000 passengers annually
were sufficient to cover operational costs in tewhsarnings before interest and tax (EBIT)

in 2002, but by 2009, about 800,000 passengerggaerwere required for this. Our analysis
of Avinor airports showed, that while some smadlized Avinor airports broke even serving
approximately 200,000 passengers annually in 2092010, their most profitable airports
break-even only when serving about 800,000 passsmer year.

2. Total operating costs at Avinor have increaseckal terms by over 100% from 2002
to 2010. In 2002 Avinor airports had a cost advgatam comparison to the airport operators
in the dataset used in the study, but this advantdagsipated by 2009. Taking the institutional
and financial aspects of the Norwegian airport eysinto account, the regional and local
airports will continue to need subsidi€3r.oss-subsidies have grown about twofold in real
terms and threefold in nominal terms, i.e. fadtantthe profits in terms of EBIT.

3. The cross-subsidies that are financing the locdlragional airports are drawn mainly
from profits earned at the large airports. Oslthiss main financial contributor, since its duty
free revenues per passenger are two to three tiangsr than at the other major Avinor
airports, and on average 10 times higher than ahokvregional airports. The growing
importance of commercial revenues was mainly dribgra rising number of international
passengers which has doubled from 2002 to 201@edsas from more flexible regulations
introduced in 2006, such as duty-free shoppingriated. In real terms duty free revenues
tripled over the period from 2002 to 2010.

4, While security charges for the Avinor airports have increased signifitasince their

introduction in 2004, landing and passenger chargage almost remained constant.
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Furthermore, the aviation charges at Oslo’s airpogtlower in comparison to those at other
Scandinavian hubs and the majority of high-trafiropean airportd.anding and passenger
charges are also lower at smaller Norwegian aispbidn at similar sized UK airports that are
also facing potential competition from neighboriagports and serving low cost carriers.
Avinor airport charges are set by the DepartmentT@nsport and are constant across
airports. Regulating airport charges by settingghme level and structure of charges across
all Avinor airports is most likely inefficient begse the marginal costs differ across airports.

E.2. Airport Productivity

1. The dataset used for benchmarkemgall airports (i.e. below 2 million passengers)
consists (in 2009) of 102 airports from nine coi@str of which 41 belong to Avinor. Small
Norwegian airports suffer from low runway utilizani linked to the large number of airports
compared to the population of the country. For gXan4 airports serve fewer than 100,000
passengers annually.

2. The Norwegian airport system was relatively cosicieht in 2002 despite the size
drawback but this advantage had been lost by 20@Ticularly with respect to the local and
regional airports, while the large airports remaificient. In comparison, Avinor airports
enjoy low staff and other costs, but also suffenfrrelatively low infrastructure utilization
and non-aeronautical revenues.

3. Bodg, Hammerfest, Mo i Rana and Tromsg have beesistently efficient as well as
Rgst and Vadsg which are also important benchmankeng the Avinor airports. The
remaining 35 local and regional Avinor airports @éavwot been efficient and the level of
productivity has decreased over the last decade.nbim-Avinor benchmark airports include
the Icelandic airports of Gjogur, Grimsey, Thorsho¥estmannaeyjar and Vopnafjordur.
These airports achieve higher runway utilizationd dower costs than their Avinor
counterparts although it must be noted that thiahckc airports have lower security costs on
domestic flights.

4. From the small airport analysis, it appears thatdbal use, military-civilian airports
are 8% more efficient despite the removal of alitary movements from the analysis. This
would suggest that these airports enjoy lower staff other costs as a result of military staff
availability.

5. The large Norwegian airports (above 2 million passengers) were benchmarked in a
separate sample. They enjoy a relative competigwlvantage over their European

counterparts with respect to commercial revenueodppities. This advantage is three-fold:
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Norway is not within the European Union which pesmduty free sales to all international
passengers; Norwegian tax rates on alcohol ana@¢obare substantial, which increases the
value of duty-free products relative to the Norveeghigh street; and a change in the duty-
free laws in 2006 permits the airports to sell éarguantities of duty free products per
passenger than other airports in Europe on bothoountd and inbound flights. The change in
the law resulted in additional revenues of 350-80on NOK annually.

6. The four large Avinor airports, Oslo, Bergen, Stayer and Trondheim, are relatively
efficient, but their productivity trend is negatibecause their costs have surpassed those of
comparable airports. We note that most airportthéndataset have suffered from a frontier
retraction over time, due in part to the increasecurity costs imposed on the airports as a
result of the European Union Security Directivesniay’'s performance is in line with that
of Austria, Switzerland and Belgium, however Copmgdn airport has better managed the
cost increases and is a good benchmark for sisigad counterparts in this respect.

7. From the large airport analysis, we find that Eeap airports undertaking ground
handling or fuel sales in-house are approximat&Bb 1o 19% less efficient than those which
outsource these activities, as is done by most évairports. It would be reasonable to
conclude that outsourcing is preferable from a rganal perspective. The small airport
dataset show similar patterns. Airports undertalyraund handling or fuel sales in-house are
10% less efficient than those which outsource tlaesigities, but multitasking options for the
smaller airports must be kept in mind.

8. Belonging to a national airport system such as AEDIAAvinor reduces average
efficiency by a statistically significant 8% to 11%irports managed locally have a higher
probability of achieving a more “relatively effici®# outcome. Finally, the short take-off and
landing (STOL) Avinor airports are 15% to 20% maefécient, suggesting that the shorter
runways help to maintain lower costs.

9. When benchmarking the local and regional civiliavindr airports, one can compute
the efficiency differences in terms of potentiavisgs with respect to staff and other
operating costs, as well as the potential incre@seson-aeronautical revenues. We find
significant efficiency savings compared to airpaots the efficiency frontier: At least 280
million NOK could have been saved on average amyntalough a reduction in costs of at
least 20%. The analysis also suggests that the Safhorts could have increased
commercial revenues by 22 million NOK annually eerage.

10. The efficiency analysis could be further improved Incorporating natural

comparators such as Finland and Sweden, for whhvere not able to obtain the relevant
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data in the required level of detail. We cannotdf@e rule out the possibility that Avinor
airports may be more inefficient than they app@athie current analysis, if airports in the
neighboring countries perform above average.

E.3. Potential Measures to Improve Efficiency

As inefficiency is caused by a variety of factdisgre is no single instrument which
could improve the performance of Norwegian airpofi instruments implemented should
aim at increasing the efficiency of regional andaloairports as well as preventing the large
airports from becoming inefficient. It should, howee, be stressed that these instruments need
to be evaluated regarding their impact by furtlesearch and that they have to be combined
in a systematic, comprehensive and well-designfedmeprogram.

The key point of such a program would be to seemntives without distorting the
motivation to work effectively for the public airgesystem. We argue that the current public
airport system with a growing level of cross-sulesdand a soft budget constraint does not
encourage cost efficiency at the airport level aonght to be changed through the use of
management or franchise contracts, whereby a slidhe efficiency improvements could be
passed on aboni to the local airport management. Furthermore, aenpwecise operating
budget constraint ought to be set as an incentivéhe airport management in order to lower

the required subsidies.
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Chapter 1: Bechmarking Avinor: Institutional settings and
international comparisons

1.1.Introduction
1.1.1. Study objectives

In the beginning of 2011 the Norwegian Ministry Tafansport and Communications
(hereafter referred to as Ministry or NMTC) reqeelsa benchmarking study of Avinor AS
(hereafter referred to as Avinor), the Norwegiatiamal Airport system. It was initiated as a
response to a report to the Parliment (St. Meld4&r(2008-2009). Concurrently, similar
proposals were stated by The Office of the Audi@®neral of Norway (Riksrevisjonen,
2009).

This report is the result of a follow-up tender thg Ministry, in which the German
Airport Performance (GAP) research project was @ske conduct a cost efficiency
benchmarking of the airports owned by Avinor. The avas to produce a report that can
support the Ministry of Transport and Communicagiam its dialogue with Avinor, both as
owner of the company and as an economic regulator.

1.1.2. Object description

The state-owned limited company Avinor was esthblison the % of January 2003
as the successor of the former Norwegian Civil Agra Administration Luftfartsverket. It is
currently responsible for the operation of 46 o 82 civil airports located in Norway, of
which 12 airports are managed in cooperation with Ministry of Defence with an
agreement outlining the shared use of airport stfteture and operations.

Avinor operates small local, medium regional arrddahub airports, as well as the air
traffic control (ATC) towers and regional contr@nters in Norway Three airports, namely
the airports of Bergen, Stavanger and Trondheimcategorized by Avinor within the large
airport group, serving international traffic anchétioning as hubs for domestic traffic. The
largest airport,Oslo Gardermoen, is operated separately by Oslo Lufthavn AS (OS&L),
wholly-owned subsidiary of Avinér 13 airports are categorized by Avinor as regional
airports and the remaining 29 airports are groupalthe local airport categotywhich are

then divided into four subgroups according to tigeiographical location (Table 1.1.1).

! There are six airports in Norway outside the Aviegstem. These external airports include two kedan the
Oslo region (Sandefjord/Torp (TRF) and Moss/RygB¥ G)) which has led to a more competitive market in
this catchment area (Denstadli and Rideng, 2019r& are four other small airports located in thetBern part
of Norway with a relatively low share of commerdiahts.

? Oslo Gardermoen airport was established as Odiidwn AS in 1997 when it still was under constimict

*In 1997-1998 the predecessor Luftfartsverket hkertaover the local and regional airports from local
communitues.

12



A or D 0 AIrpo ame RegIo ade ode
1-Oslo Lufthavn AS  Oslo Gardemoen Akershus OSL ENG
Bergen Hordaland BGO ENBR
2-Large Airports Trondheim Nord-Trgndelag TRD ENVA
Stavanger Rogaland SVG ENzZV
Alesund Mgre og Romsdal AES ENAL
Alta Finnmark ALF ENAT
Bodg Nordland BOO ENBO
Kristiansand Vest-Agder KRS ENCN
Bardufoss Troms BDU ENDU
Evenes (Harstad-Narvik)  Nordland EVE ENEV
3-Regional Airports  Haugesund Rogaland HAU ENHD
Kristiansund Mgre og Romsdal KSU ENKB
Kirkenes Finnmark KKN ENKR
Molde Mgre og Romsdal MOL ENML
Banak (Lakselv) Finnmark LKL ENNA
Svalbard Svalbard LYR ENSB
Tromsg Troms TOS ENTC
Farde Sogn og Fjordane FDE ENBL
Fagernes Oppland VDB ENFG
4-Local airports Florg Sogn og Fjordane FRO ENFL
southern Norway @rsta-Volda Mgre og Romsdal HOV ENOV
Rgros Sar-Trgndelag RRS ENRO
Sandane Sogn og Fjordane SDN ENSL
Sogndal Sogn og Fjordane SOG ENSG
Brgnngysund Nordland BNN ENBN
5-Local airports Mosjgen Nordland MJF ENMS
Helgeland and Namsos Nord-Trgndelag oSy ENNM
Namdal Mo i Rana Nordland MQN ENRA
Rarvik Nord-Trgndelag RVK ENRM
Sandnessjgen Nordland SSJ ENST
Andgya Nordland ANX ENAN
Leknes Nordland LKN ENLK
6-Local airports Narvik Nordland NVK ENNK
Ofoten, Lofoten and R@st Nordland RET ENRS
Vesteralen Svolveer Nordland SV ENSH
Stokmarknes Nordland SKN ENSK
Veergy Nordland VRY ENVR
Batsfjord Finnmark BJF ENBS
Berlevag Finnmark BVG ENBV
Hammerfest Finnmark HFT ENHF
7-Local airports Hasvik Finnmark HAA ENHK
Finnmark and Honningsvag Finnmark HVG ENHV
Troms Mehamn Finnmark MEH ENMH
Sarkjosen Troms SO0J ENSR
Vardg Finnmark VAW ENSS
Vadsg Finnmark VDS ENVD

Table 1.1.1. Divisions and Location of Avinor Airports.

The vast majority of local airports serve publicvsee obligation (PSO) routes, which
the NMTC has designated through a tender procdmseltenders have been organized on an
ongoing basis since 1996 (Lian and Ronnevik, 2bF)rthermore, all local airports with the

* For details on PSO routes, see section 1.2.3 below
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exception of Andgya, Fagernes and Rgros airportat@avith short take-off and landing
(STOL) runways, which restricts them to servingymsthall turboprops (Lian, 2010)

Such different types of airports are not easily pamable within one group. Therefore,
we adjusted the airport sample and the variabled,uso taking the specific requirements of
the different approaches to benchmark charges #ioteecy in general, such as the Partial
Performance Measures (hereafter referred to as P&id) Data Envelopment Analysis
(hereafter referred to as DEA) into account. Weidkd in our DEA benchmarking to
compare the four largest Avinor airports with largeiropean airports from the GAP project
internal databaSeThe other 42 airports in Avinor (below two milligpassengers per year)
were benchmarked in a second group against othalfesnkuropean airports, again from the
GAP project database and our own surveys conduytaih this project.

1.1.3. The Avinor airport system: institutional background

In Europe, there are only a few examples of natipmategrated airport systems that
also operate a fully integrated air traffic cont(@lTC) system comparable to Avinor. The
Spanish AENA, the Portuguese ANA and the TurkishMdHould be viewed as being the
closest counterpaftsSuch integrated systems may be able to reapehefits of economies
of scale and scope for each activity and to coatdirairport investment on a system-wide
base. They may be able to cross-subsidize smaln@king airports from large hubs. On the
other hand, integrated systems may suffer fromdrigbsts, which might be due to incentives
to gain cross-subsidies from other parts of théesysand poor cost control.

One of the major challenges in this study is thelwation of such single national
entities within organizational structures spanrongr a whole network of intertwined entities

of airports and ATC units. In this report our mdoctus is on the airport side only and

® These local airports are the 26 airports from Avin predecessor, Luftfartsverket, which were takeer from
the local communities in 1997-1998, Batsfjord Airpthat was constructed by Luftfartsverket at tiiaie and
the heliport at Veergy. Avinor also considers Andagaa local airport, though this is an "old" Luftfxverket-
airport from the time before 1997-1998.

® In this study, we employ a unique panel dataseeriog over 100 European airports: data that wetkected
within the German Airport Performance (GAP) projésste www.gap-projekt.de).

7 See chapter 3 for details. The dynamic DEA togethigh Malmquist index conducted for large airports
required a balanced dataset in order to be alieetsure the efficiency changes over time, whictrictsd the
data used to 8 years (2002 to 2009). On the othed,Hfor the DEA of small airports and the PPM gsialwe
were able to use also other airports, variablesyaads. The heterogeneous samples include mainpgres
from France, Germany, Greenland, Italy, Iceland #mel United Kingdom under different organizational
regimes. We included public, private and partighvatized airports, operated in a group or staiede Our
choice of airports was mainly limited by the avhildy of comprehensive financial data, fulfillingur main
variables requirements.

® Isavia in Iceland and Finavia in Finland are siméaganizations, but on a smaller scale, which disSATC.
Globally the Federal Aviation Administration (FAA) the United States of America is a similar indtdn
integrating nationwide civil and military ATC and@ort operations.
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specifically onthe single airport, defined as “decision making unit” (DMU) in chapt&
With this aim we highlight the main interdependesdboetween the organizational parts inside
Avinor, such as airport operation, airport infrasture and management, air navigation,
regional centers and the Avinor headquarters. Eurtbre, we highlight other important
institutional relations of Avinor, such as its agation with the Ministry of Defence with
regard to the share of infrastructure and laboy ttentrol together with military areas of an
airport, or with the NMTC concerning PSO subsidies.

1.1.4. The motivation for establishing Avinor

Luftfartsverket was established as a departmenthlig enterprise in 1993. In 2000
the tasks which Luftfartsverket was responsibledsran authority were separated into the
Norwegian CAA. In 2003 Luftfartsverket was estdidid as a limited company fully owned
by the state with the responsibility for an airpogtwork and ATC. The intention behind this
reform was greater independence from the stataraord professionally run operations. It is
against this background, that the former CEO Rdfdsland had a mandate from the
coalition government of the day to rationalize #igort and ATC system. Randi Flesland’s
program called Take-Off 05 involved significantioaialization with the aim to deliver more
with available human resources in a growing marnketvever, the coalition government lost
power in October 2005, and the CEO, who ran intongt union opposition, was replaced in
April 2006 by Sverre Quale, who canceled the pnogflofquist, 2008).

1.2.Financial Analysis
In this section we analyze the financial performent Avinor. First, we identify the

level of activity at which Avinor airports becomeofitable. As many of the Avinor airports
are below this threshold, we analyze in section2lk@w subsidies have evolved over time.
The next two sections outline the main drivers lo& ¢ost and revenue side. Thereafter the
results of our financial analysis are summarized.athieve comparability over years, all

financial figures were adjusted for inflation ta$ia010 as base year.

1.2.1. Profit and breakeven analysis
The obligation to manage a nationwide network o#forts, including several very

small ones, would normally require a certain amafréxternal subsidies to cover the costs
of loss-making airports. In the case of Avinoristis mainly done through the “internal”

cross-subsidization from the large profitable aitpdo the loss-making local and regional
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airports. To analyze where such subsidies are neededsstesfiow the profitability for each
airport as measured by EBIT (earnings before isteard taxes) and its dynamics over time.

Figure 1.2.1 provides a first overview of the fineh situation of Avinor airports by
representing EBIT per passenger figures for eagiodifor the selected years from 2002 to
2010 related to airport size (measured in numbgyaskengers per year). Each point on the
graph represents an airport. Different coloursumsed for each year. We can then identify the
enveloping frontier that indicates the most prafiéaairports for each yedar The analysis
indicates that the majority of the smallest airpdrave significant losses per passenger, due to
high fixed costs of airport operations. The brea&repoint (minimal passenger volume, at
which zero EBIT is achieved) in Figure 1.2.1, hasvad to the right over time for both most
profitable Avinor airports and all Avinor airportsn average. In 2002, the most profitable
airportswere able to break even with a size of @0, passengers p.a., but in 2010 none of
them were profitable at that level of operation. 2810 an airport seemed to become
profitable only when the passenger volume exceagedoximately 800,000 passengers p.a.,
thereby requiring more subsidies than in earli@ryeo keep the airports system operating.

We shall return to the question regarding the aize&rhich an airport can break even
later on in chapter 2, where we present a simggachmarking analysis for the whole sample
of airports including other European regional aitpo

Figure 1.2.2 shows how the EBIT of Avinor wdsstributed to retained earnings,
interests, dividends and taxes between 2004 and. Z&lindicated by the length of the bars,
inflation adjusted total EBIT figures (in 2010 prg) for all airports have not changed
significantly. There was a substantial drop in 2004en Avinor had to invest in upgrading
regional and local airports to a consistent, natide level of quality. The financial situation
improved in 2006 and the operating results stayagles with slight fluctuations at the level of
slightly over 1,200 million NOK.

° However, in the past external funding from the Minj of Finance was received for that purpose kystnall
and regional airports,

10" Earnings before interest and taxes (EBIT) is aiprofasure which is calculated by subtracting ofrega
expenses (including assets’ depreciation and apadidin expenses) from total revenue without subtrgc
interest expenses and taxes.

1 Here we focus on boundary results only and destinate the “average” breakeven volume sincéiabte
estimation is unlikely given the small sample size.

16



Passengers (Log Scale)
1,000 10,000 100,000 1,000,000 10,000,000 100,000,000
1 sm

Break-Even Line —“é— —— o

-500

2010 ProfitabilityEnvelope  + 2010

— 2008 ProfitabilityEnvelope < 2008
.' - —2006 ProfitabilityEnvelope - 2006 — -1,000
7 J =—2004 ProfitabilityEnvelope - 2004 i
J 2002 Profitability Envelope 2002 [

EBIT per Passengerinreal 2010 NOK

-3,000

Figure 1.2.1. Operating results (EBIT) per passenger for Avinor Airports for selected years,
in NOK, 2010 prices.

How EBIT is decomposed depends on the dividendcpohlote that for instance no
dividends were paid in 2008 and 2009. Due to thigh regard to retained earnings, the
highest result was reached in 2008 with 869 millMOK or 56% of EBIT respectively
remaining after net finance cost and taxes wereraalk However, that level was significantly

reduced in 2010 to approximately 29%, when Avinaswgain paying dividends.

1.2.2. Growing subsidies
After Avinor was established in 2003, the NMTC dopoed to help improving the

financial situation of Avinor through a number ofeasures. These included government
purchases of airport services between 2003 and @0@9rants to airports in 2009 and 2010.
Furthermore, the Ministry did not take out any demds in 2003, 2008 and 2009. Table 1.2.1
shows the amounts of the above mentioned sourcespyort. In addition, in light of the

international financial crisis in 2009 and 2010 Aot received an exemption from repayment

of the government loan that financed the developgroé®slo Gardermoéh

12 Sourcehttp://www.avinor.no/en/avinor/press/_newsarchi@?1&id=181-121666St.meld. nr. 48 (2008—
2009). Om verksemda i Avinor AS

17



2,000 ~
1,800 -
1,600 -
29%
1,400 -

1,200 -

Million NOK, 2010 prices

1,000 - 31%

800 -
44%
600 -

400 -

200 -

2004 2005 2006 2007 2008 2009 2010

M Netfinance cost M Taxes M Dividends M Retained earnings

Figure 1.2.2. Avinor Group EBIT distribution during 2004-2010 in NOK, 2010 prices
(values inside bars represent proportion of EBIT).

In addition, extra measures in the form of gredteedom for duty-free sales were
undertaken in 2006 to increase non-aviation revefoeAvinor and to make them the main
funding source. Duty-free sales at arrival werditued and the permitted alcohol purchase
volumes were increased. We estimated the finaeéiatt of this change to be around 350-
500 million NOK* per annum.

Starting from 2005 Avinor AS became subject to aRdded Tax (VAT) scheme of
low rate (7%), which benefited Avinor through theddction of VAT on its inputs (included
in prices) paid to suppliers from its own VAT oldigpn in the amount of about 250-300
million NOK in total during 2004 and 2085 After 2005 the estimation of input VAT
(proportionate to operating costs less labor cds#s) been rising and reached over 207.5
million NOK in 2008° .

'3 Own calculation based on St.meld. nr. 48 (20089200m verksemda i Avinor AS.
' Lian et al, 2005; St.meld. nr. 48 (2008—-2009). @irksemda i Avinor AS.
 Riksrevisjonens kontroll med forvaltningen av stgtlselskaper for 2008. p. 102
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‘ 2003 2004 2005 2006 2007 2008 2009 2010‘

Government purchase of the regional 250 264 35 0 0 0 0 D
airport services

Government grants to regional 0 0 0 0 0 0 150 50
airports

Dividends to Government® 0 0 1515 264 3245 396.9 0 0
PSO subsidie¥ 474 509.8 589.6 656/5

Table 1.2.1. Overview of government subsidies for Avinor (2003-10), in million NOK,
nominal values. Source: St.meld. nr. 48 (2008-2009). Om verksemda Avinor AS, 2009.

Apart from these subsidies, the responsibility t@intain the Airport system
financially rests with Avinor. Fig. 1.2.3 and 1.2glve a snapshot of the cumulative
distribution for income and expenses across thaods in 2010. The discrepancy between
total costs and generated revenues of the vastityapd airports is clearly depicted. Airports
are shown in ascending order by share of totalmase and expenses respectively, thus
showing the disparity of cost and revenue distrdyut For local and regional airports to
generate 17% of total revenue, they have to in@3 ®f total costs, meaning the financial
return from these airports is negative and hasetacdmpensated by the large group airports

and Oslo airport.

100%

80%

60%

40%
17.01%
20% \

0% Hmrmrm R

Figure 1.2.3. Cumulative distribution of revenues’ shares in total revenue for Avinor in
2010.

'8 Dividends payments relate to years when they weteally paid.
" Source NMTC, per operating year (March-April)yopart of these subsidies go to the Avinor airposee
section 1.2.4.
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Figure 1.2.

. Cumulative distribution of cost shares in total cost for Avinor in 2010.
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The sum of losses as shown in Fig. 1.2.5 (in teoMEBIT) by local and regional
airports in absolute values reaches almost 80%taf tperating profit (EBIT). These losses
are then almost covered by profits from the thexgd airports TRD, SVG and BGO alone,

while OSL makes the whole system profitable.
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Figure 1.2.6a (left): Source of cross-subsidy — group of profitable (EBITDA > 0) airports of
Avinor: EBITDA (excluding government transfers) and Cross-subsidies (values inside bars
represent percentages in EBITDA) in 2003-2010 in NOK, 2010 prices.
Figure 1.2.6b (right): Distribution of Cross-subsidy in 2003-2010 in NOK, 2010 prices
(values inside bars represent share in total cross-subsidy amount).
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The system of cross-subsidization reflects caststeas from cash generating airports
(best available proxy for cash result is EBITDA)ctsh-losing airports. Figure 1.2.6a shows
the total EBITDA (excluding government transfercued in 2003) of profitable Avinor
airports that represents the source of cross-syblidspite of the fact that the total inflation
adjusted profit has grown by one third, the nundfegrofitable airports has fallen from 12 in
2003 to 6-7 in the last yeal$In the meantime the amount of cross-subsidy hawmfaster
than the profits - about twofold in real terms ahkefold in nominal terms. That is reflected
in the development of the significance of crosssaiibs represented by their share to total
EBITDA which rose from 20% in 2003 to 30-40% durthg last years.

Fig. 1.2.6b shows the growing share of cross-sigssithside the Avinor system,
applied to covering the operating deficits (op@@tcosts excl. depreciation minus operating
revenues). That share of total cross-subsidy hasrgfrom 25% in 2003 to to 77% in 2010.
The major items covered by cross-subsidy (suchap#at expenditures, cash expenditures
not reflected in accounting operating deficits, )eb@ave been growing until 2007 inclusively.
Security charges deficits (security costs minusisgcrevenues), while growing, constitute
only 4-7% of the total cross-subsidy. However, #pplication of cross-subsidy for such
purposes has sharply decreased after 2007, thanitsetextra government initiatives (i.e.
government grants for investment, zero dividendsdéme years, loan repayment exemption).
Besides the growing operating deficits of unprdigéaairports, the number of unprofitable
airports has grown from 35 to 39 from 2003 to 2010.

In summary, since the viability of the Avinor systés currently only based on cross-
subsidization from 4 large airports, its finandahg-term viablility depends on the future
development of revenues and costs.

We therefore look next at the role of governmertisgilies for PSO routes, which
positively influence the performance of regionatl docal airports by increasing output and
revenues and then study in more detail the costrenehue drivers, in order to understand
how they have changed over time and how they diféen those drivers at airports abroad.

1.2.3. PSO routes
We now explore the role of subsidies on the densmdd and more specifically the

revenues which are generated by subsidized tréffaugh Public Service Obligation (PSO)

18 Government transfers included in the EBIT of salairports in 2002 and 2003 were not taken intmaat in
Figures 1.2.6a and 1.2.6b. Without these trasséden into consideration, the number of proféaditports is
relatively stable from year to year. We also havadte that due to a change in the Avinor accogrgistem,
the figures for 2002 and 2003 may not be as raiablthe later ones. Still we can use them toiigehe
number of profitable airports.
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routes. Such PSO subsidies aim to guarantee aicedp populations residing in peripheral
regions, which under a liberalized market would tid®ly experience a reduction in flight
frequency and level of servi¢g.Most PSO routes in Norway are served by the region
network carriers Wideroe, and few by Danish AirAgport and DOT LT (EU Commission
2010b). The total PSO subsidies are quite largeyagsseen in Table 1.2.1 above, with 474,
509.8, 589.6 and 656.5 million NOK annually for theriod from 2007 to 2010. About 75%
of these subsidies flow to the airline operating BSO routes in order to cover its costs, the
remaining 25%, or about 167.2 million of the 65Blion NOK in 2010 flow indirectly to
the airports in form of aeronautical charges paidhe subsidized airlines (see the sum of
Column IV in Table 1.2.2). As a consequence, fegltn PSO routes influence the
performance of airports by creating revenues andaae, which otherwise would not be
available at all or only to a lesser degree, thihofijng frequencies, capacities and maximum
ticket fares in most cases well above the numbercohomically viable airline operations.
Furthermore they create costs to the airports esetflights have to be served under various
difficult regional conditions such as weather quagraphy. In addition, the efficiency of PSO
subsidy allocation (i.e. that regional access Wi reached with minimal costs) also
influences capacity utilization at these airpéftélthough their capacity may be limited by
the number of parking positions and short takeawftl landing (STOL) runways, at most
airports on PSO routes there is enough capacitfeéeto serve this additional demand.

The individual Norwegian airports rely to differefeegrees on PSO routésAt 19 out
of 36 airports (~53%) more than 90% of the trafigenerated from these routes. In some
cases, such as at Florg, Sognal or Rgros airpuit\(aeroy heliport), their traffic comes only
from flights on PSO routes (Table 1.2.2)

The subsidies as a percentage of total aeronauéeahue are on average about 39%
and vary from about 1% at Oslo up to around 81%az and 82% at Vaerdy.

¥ According to EU-Regulation 1008/2008 on PSO routesse can be tendered out to one carrier, réstict
market access by competitors.

20 Airport mangers cannot influence the efficiencyRBO routes because they cannot influence the dfpe
aircraft, load factors and passenger demand. Taeyoaly influence the costs of the airport to sehese PSO
flights.

2L For calculating the percentage of PSO-passengesome of the airports we calculate the fractiohshe
annual departing PSO Passenger numbers as stdteslamnual PSO tender documents (averaged oveard,y
but depending on availability of data) and the ahmieparting pax as reported in the traffic stasftotal pax
divided by 2). Due to different reporting periodsp(il to March for the PSO figures and January &cBmber
for the traffic figures), the averages from 200Q8®8 and 2009 to 2011 were used for smoothing).

22 Subsidies for airports received through PSO alautzied as the aeronautical charges of an airpattiplied
by the share of PSO routes in terms of movemeltease note that this approximation represents perupmit
as aeronautical revenues also include the revdrmumsgeneral aviation and other activities.
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Our aim in Table 1.2.2 was to measure dbgree of dependency of Avinor airports
from PSO traffic, i.e originating passengers oroaautical revenues. Table 1.2.2 can only
give an indication of this degree of traffic dependy (Column 1) by stating the four year
average percentage afiginating passengers from airports on PSO routes (Column [; derived
from the call for tender documents) over total ‘amtic scheduled originating passengers’
(i.e. total passengers minus transit and transfesgngers from Avinor traffic statistics). The
degree of dependency from revenues generated the8@ traffic (Column V) is calculated
by multiplying ‘average aeronautical revenues @asgnger’ at each airport by the number of
originating passengers on PSO routes (Column IWiddd by the total revenues.
At some airports we observe a large discrepanaydsat the degree of dependency from PSO
traffic and PSO revenues, thus it seems that thaperts receive large amounts of non-
aeronautical revenues and fees from non-scheduédfict(e.g. airports Fagernes, Roros,
Banak, Berlevag, Batsfjord, Andoya etc.). In toadlout 1 million passengers or 10% of
domestic air passengers travel on PSO-routes iwdjofsum of Column | in Table 1.2.2).

The efficiency of PSO subsidy allocation (i.e. thegional access will be reached with
minimal costs) also influences capacity utilizatiah these airports Of interest in this
connection is a study by the Institute of Transfmonomics (2010) — commissioned by the
NMTC — which evaluated the tendering of PSO routeorway. The study recommended
among other things:

a) To increase competition for the tender by looserihegsize specification for aircraft
(allowing smaller aircraft with less than 30 seatsl non-pressurized cabins) and to
increase the runway length at some airports tovaftr more types of aircrafts and
airlines to compete in that market.

b) To set only a maximuraverage price so that airlines can offer discount faresg an
prices according to the willingness of passengepay.

The recommendations are also highly relevant ferghrformance of airports. Less
restrictive service quality standards, which wolddd to the use of smaller aircraft with
higher seat load factors, would not only give tlevegnment a better value for its PSO
subsidies, but would also increase the performaf@arports through more aviation output

and revenuéé.

% Airport mangers cannot influence the efficiencyRB0O routes because they cannot influence the dfjpe
aircraft, load factors and passenger demand. Taeyoaly influence the costs of the airport to sehese PSO
flights.

% However, some revenues from weight-based landiagges are going to decrease due to lower aircraft
weights. A practical problem remains the lack ahpetition in serving such low demand and STOL rupwa
locations.
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Aeronautical
Revenues from
flights on PSO

Passengers on PSO Percentage
routes/Passengers of all
flying on scheduled Passengers

Aeronautical
Charges from
flights on PSO

Average departing
Passengers flying on
Airport Name PSO routes in 2006 to

2008 and 2009 10 2011 (e So0b 10 PSOroutes U InUSENG  ro S Ce
0 2008 and 2009 to  in Norway ) (2010§%°
2011) (1) (1 (V)
Alta ALF 13.2 8% 1.3% 1,896 5%
Andgya ANX 16.4 91% 1.6% 2,558 36%
Bergen BGO 45.3 3% 4.5% 9,100 1%
Batsfjord BJF 5.00 95% 0.5% 750 30%
Brgnngysund BNN 32.0 87% 3.2% 8,889 50%
Bodg BOO 147.5 30% 14.7% 22,748 13%
Berlevag BVG 2.4 88% 0.2% 395 22%
Farde FDE 35.8 95% 3.6% 5,497 69%
Florg FRO 56.0 99% 5.6% 14,583 81%
Hasvik HAA 2.9 88% 0.3% 470 36%
Hammerfest HFT 18.9 38% 1.9% 2,677 23%
@Drsta-Volda HOV 33.1 93% 3.3% 4,982 60%
Honningsvag HVG 5.3 79% 0.5% 828 31%
Kirkenes KKN 19.3 19% 1.9% 2,708 10%
Banak (Lakselv) LKL 20.8 89% 2.1% 3,282 23%
Leknes LKN 42.7 98% 4.2% 6,345 69%
Mehamn MEH 5.6 81% 0.6% 969 33%
Mosjgen MJIF 26.0 92% 2.6% 4,066 52%
Mo i Rana MQN 39.2 93% 3.9% 5,854 55%
Narvik NVK 13.3 96% 1.3% 2,165 60%
Oslo Gardemoen OSL 112.2 3% 11.2% 19,445 1%
Namsos osy 10.4 95% 1.0% 1,529 44%
Rast RET 4.6 96% 0.5% 1,043 71%
Raros RRS 5.3 100% 0.5% 1,032 33%
Rarvik RVK 10.7 95% 1.1% 1,567 44%
Sandane SDN 14.2 94% 1.4% 1,023 42%
Sogndal SOG 32.9 100% 3.3% 3,837 58%
Sarkjosen SOJ 53 85% 0.5% 762 36%
Sandnessjgen SSJ 27.0 94% 2.7% 4,141 49%
Svolveer SVJ 33.7 98% 3.4% 5,435 77%
Tromsg TOS 30.9 5% 3.1% 4,290 3%
Trondheim TRD 101.4 8% 10.1% 16,626 4%
Vardg VAW 4.3 70% 0.4% 643 28%
Fagernes VDB 2.0 98% 0.2% 735 22%
Vadsg VDS 24.3 75% 2.4% 3,428 41%
Veergy VRY 4.8 100% 0.5% 906 82%
Sum 1,004.7 100% 167,204
Average 27.9 74% 4,645 39%

Table 1.2.2. Subsidies from Public Service Obligation (PSO) routes (2010).
Source: Own Calculations based on Data from NMTC 2011 and Avinor 2011.

% peronautical Charges per PAX x (Column 1)
%(Column 1V) / Total Revenues (incl. ‘Other Reverifesm non-operational sources)
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Similar effects would occur from the use of additib discount air fares on PSO routes,
depending on the catchment areas. Both recommendatvould lead to higher seat load
factors which would increase capacity utilizatiaragports and have a particular strong effect

at those airports with a large share of PSO routes.

1.2.4. Estimating Subsidies per Airport
As we saw, the Avinor system has to finance (irgkbyh the growing deficits of the

local and regional airports. In addition, the goweent finances (externally) the PSO routes
which positively influences the performance of oegil and local airports. To get an

understanding of the influence of these finandialvé, we now summarize the two effects
(see Table 1.2.3):

» Concerning cross-subsidies we lack detailed figuresthe basis of each airport.
Therefore we were forced to perform a rough catanaor each individual airport by
taking operating deficits (costs minus revenues) @mort as a proxy for internal
cross-subsidy per airport. This proxy underestichdtee real flows as subsidies are
also used to finance investment: indeed, our pomyers only about half of the total
reported subsidié

* Concerning the subsidies from PSO flights, we haskulated the revenues the
airports receive in the form of induced aviatioraiges as in section 1.2.3 on PSO
above.

Both effects together constitute the total subsigier airport. We have also calculated
the subsidy as percentages of total operatingasushave ranked the airports accordingly.
Our analysis shows that:

* Internal subsidies are much more important thabinefits received through PSO
induced aviation revenues although our proxy of thiernal subsidies largely
underestimates the internal subsidies.

» Local and regional airports are subsidized on gelascale. These subsidies make
airports very attractive for the rural areas as thansport infrastructure becomes “a
free gift” for the local community. These resultgggest that the Norwegian airport
system operates with a weak budget constraint,evéuey deficits at the local level

" The total sum of operating deficits for the pdr2D03-2010 for all airports it about 3,308 mitlillOK and
total nominal cross-subsidy over same time spabdst 6,583 million NOK in nominal terms.
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Partial Aeronautical Total

Total of S

(Deficit) PSO REVENIES
Hasvik HAA 14.3 0.5 14.8 14,504 1.32 1,128%
Rgst RET 12.5 1.0 13.6 10,577 1.48 918%
Veergy VRY 8.2 0.9 9.1 10,459 1.11 819%
Berlevag BVG 14.( 0.4 14.4 15,119 1.80 800%
Sgrkjosen SOJ 133 0.8 14.1 23,181 2.10 669%
Honningsvéag HVG 14.8 0.9 15.2 27,222 2.66 569%
Sandane SDN 125 1.0 135 22,919 2.45 549%
Batsfjord BJF 12.¢ 0.8 13.3 24,427 2.53 526%
Vardg VAW 11.0 0.8 11.9 27,928 2.31 514%
Namsos osY 14.9 1.6 16.5 39,029 3.46 477%
Narvik NVK 14.5 2.2 16.7 33,059 3.59 464%
Mehamn MEH 11.4 1.0 12.4 24,275 2.96 420%
Rgros RRS 12.0 1.0 13.0 15,799 3.10 419%
Rarvik RVK 12.7 1.6 14.4 37,647 3.56 404%
Fagernes VDB 12.4 0.7 13.1 6,450 3.31 398%
Andgya ANX 17.9 2.6 20.5 50,313 7.02 292%
Svolveer SVJ 13.8 5.5 19.3 73,136 7.08 273%
Sogndal SOG 12.8 3.9 16.7 88,792 6.67 250%
Mosjgen MJF 13.7 4.1 17.8 80,023 7.77 229%
Vadsg VDS 15.1 3.4 18.6 102,015 8.31 223%
@rsta-Volda HOV 12.7 5.3 18.0 98,240 8.30 217%
Leknes LKN 13.0 6.5 19.5 99,358 9.25 211%
Banak (Lakselv) LKL 26.2 3.4 29.6 58,331 14.17 209%
Farde FDE 10.9 5.6 16.5 82,000 8.01 206%
Sandnessjgen SSp 11.6 4.3 16.0 93,686 8.50 188%
Hammerfest HFT 17.8 2.5 20.3 123,273 11.44 178%
Alta ALF 62.8 1.6 64.4 333,593 39.40 163%
Mo i Rana MQN 10.8 6.0 16.8 108,860 10.58 159%
Brgnngysund BNN 16.9 9.0 25.9 130,379 17.79 146%
Stokmarknes SKN 123 0.0 12.3 106,795 9.52 129%
Kirkenes KKN 30.3 2.7 33.1 281,487 26.30 126%
Florg FRO 7.9 14.6 225 159,141 18.08 125%
Svalbard LYR 32.1 0.0 32.1 125,781 37.62 85%
Bardufoss BDU 12.4 0.0 12.4 190,584 20.47 61%
Molde MOL 21.6 0.0 21.6 392,901 47.48 45%
Evenes (Harstad-Narvik) EVE 20.2 0.0 20.2 551,573 69.05 29%
Bodg BOO 0.d 225 22.5| 1,611,869 173.11 13%
Haugesund HAU 6.V 0.0 6.7 558,938 94.35 7%
Tromsg TOS 4.3 4.1 8.4| 1,649,584 165.17 5%
Trondheim TRD 0.( 16.7 16.7| 3,521,734 460.64 4%
Kristiansund KSU 1.6 0.0 1.6 347,550 53.05 3%
Bergen BGO 0.( 9.2 9.2| 5,078,267 802.57 1%
Oslo Gardemoen oSl 0/0 21.0 21.0f 19,091,036 3.693.85 1%
Stavanger SVG 0.0 0.0 0.0| 3,674,816 654.77 0%
Alesund AES 0.( 0.0 0.0 833,534 110.78 0%
Kristiansand KRS 0.0 0.0 0.0 839,916 123.32 0%

Table 1.2.3. Total subsidy structure for Avinor Airports (2010). Monetary values in million
NOK, 2010 prices. Sources: Avinor, EU-Commission, OAG.
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are fully covered by cross-subsidies from withie #wvinor system and through PSO flight
induced subsidies from the NMTC. This raises cameéor local airport management because
it has few instruments and little economic inceatio make the regional airport stand on its

own feet, or come closer to breaking even.

1.2.5. Cost and Revenue Drivers

1.2.5.1.  Costdrivers
Employee expenses, depreciation of assets, se@axjtgnses and internal purchases

constitute the main cost components of Avinor atgd These four types of costs comprise
approximately 75% of the total costs. For this omasve analyze the trend of these
components in detail from 2002 to 2010 as well astlie different Avinor groups (OSL,
large, regional and local airports).

We find that among the main cost drivers, in additio securit§?, employee costs are
one of the most important factors. Total employ&peeses represent approximately one
fourth of total operating costs of Avinor airpodsd they increased by 53% from 2002 to
2010. In particular, from 2004 to 2005 there w&2%o increase in total employee expenses.
Due to missing data on the number of full time gglént (FTE) employees before 2006, a
detailed analysis of the number of employees iati@h to employee expenses starts only
from 2006. One explanation for the increase inntbmber of employees (FTE) that began
again in 2007 and amounted to about 10% in that yeght be related to the departure of
Randi Flesland, the CEO who had initiated the ratiiczation project “Take-Off. 05".
Another and perhaps even more important determifaotpr of employee expenses was the
increase in real salaries, whose effect can be seéigure 1.2.8a below. Regarding the
differences among varying airport groups, the slohremployee expenses in total operating
costs is higher for smaller airports than for largees.

In 2010, for instance, it was about 18% in thedaagport group and Oslo, 25% in the
regional group and 40% in the local group. The éigthare of employee expenses reflects, to
some degree, a certain amount of labor that isiredjto maintain essential airport functions
and that cannot be downsized in accordance witleddvaffic flow at smaller airports. This
tendency is also reflected in the large differenck$abor productivity between large and

small airports measured in passengers per emp(sged-igure 1.2.8b).

*® Note that throughout this section, all financiafigbles are inflation adjusted real values.
* Security costs rose more than proportional forstiall airports and may explain some of these eneglsy
developments we have seen above, even though tyesemvices were outsourced.
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Figure 1.2.8a (left). Total number of Employees (FTE) and Employee Expenses per
Employee (FTE) in thousand NOK, 2010 prices.
Figure 1.2.8b (right). Partial labor productivity (in passengers per FTE) by airport groups
(2006-10).

Amounting to only 7% in 2002, the share of secuexpenses in total operating costs

has risen to 13% in 2010. An almost 300% increas®tal security expenses in real terms
over this period can be explained by increasingligtsregulations after the September 2001
terrorist attacks. However, it should be noted thatcosts of security services are passed on
to the customers through security charges intradiirc@004°.

In addition, internal purchases, one fourth ofataiperating expenses which are
related to services bought within the Avinor grospch as air navigation services and rental

30 Security issue will be analyzed in detail belovséttion 1.3.
28



payments for Oslo airport’s land, have grown franndillion NOK in 2002 to 1.3 billion
NOK in 2010%*

The regional and small airports have been unablabsorb cost increases; given
mimimum manning requirements. At the same time ret@ation has risen following the
upgrade of the airports that were taken into thendw(by that time Luftfartsverket) system in
1997 and 1998 to the same quality standard asgt®f the system.

Overall operating costs doubled from 2002 to 20di0Avinor airports. One of the
reasons for conducting an international benchmgrlgrio determine whether this increase is

in line with the general trend in Europe.

1.2.5.2.  Revenue Drivers
In real terms aeronautical revenues of Avinor iasgeal by around 46% from 2002 to

2010, but this can be fully attributable to ther@ase in security charges. Aviation charges
(i.e. passenger and landing charges) stayed carmtanthis period as can be seen in Figure
1.2.9, which suggests that the increasing operatogjs have not been passed on through
aeronautical charges. We shall explore these idsles in Section 1.5.

Similar to the general trend in the airport indysttommercial revenues of Avinor
have gained importance in the last decade (Fig#el@). While they represented 40% of
total revenues in 2002, the share increased toid8010, mainly due to the increase in duty
free revenue®. Newly introduced measures, such as duty freerighand an increase in the
alcohol limit in 2006 as outlined in section 1.2a2¢ the driving forces behind this rapid
increase. In real terms duty free revenues trighedr the period from 2002 to 2010. In
addition, revenues from car parking play an impdrtale in generating commercial revenues
and show a constant upward trend with approximatel$% increase per year. Mainly due to
the increases in duty free and car parking revenatal commercial revenues of Avinor
doubled in eight years.

At Oslo airport, commercial revenues accounted dpproximately 57% of total
operating revenues in 2010, achieving almost twigaenuch per passenger as at other large

Avinor airports. Duty free revenues per passeng@sto are more than twice as large

31 Around 2/3 of internal purchases for all airp@xsept OSL is attributed to navigation serviceserghs in the
OSL case 2/3 of these costs (in 2010 aprx. 400amiNOK out of 583 million NOK in 2010 prices) ipant on
rental payments for the airports real estate, as @8ts the land from Avinor AS. The rest 1/3 oeimal costs
of Avinor airports except OSL goes to common adstiative and technical tasks, as well as in thgelairports
group - to real estate rental payments.

¥23ee also “2.5.3 Revenue generating capability: coalaevenues” below.
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compared to the other large airports and are 5m@stthe revenues per passenger earned at
regional airports. The increase in commercial reesnwas different in various airport groups
within Avinor: Oslo and the three large airportsrigased their real total commercial revenues
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by 111% in nine years from 2002 to 2010. This glovate was 95% for regional airports,
and only 51% for local airports. Oslo and the tHexge airports benefit from a high share of
duty-free revenues due to a high number of intewnat passengers (the number of
international passengers has doubled during 20QR)2@t regional airports, in 2010 total
duty-free revenues were ten times as high as tlezg im 2002. This can be explained by the
fact that these airports served three times mdegnational passengers in 2010 than in 2002,
as well as by the above mentioned features for-ftag/shops in Norway. Suffering from low
traffic, local airports are unlikely to achieve higommercial revenues. Nevertheless, with a
30% increase in the number of passengers they al@eeto raise their commercial revenues
by 50% up to 34 million NOK in 2010.

1.3.Airport Security
Given the large increase in security costs notexvelit is important to analyze the

effects of security regulation and current polictes security costs in detail. Following the
9/11 attacks, governments all around the world @m@nted a number of additional security
measures. According to IATA, “in the last decaddire security costs rose to an annual
estimated bill of $7.4 billion” (Schvartzman, 2011)

Regarding the new regulations, a number of authogse that these measures may
have been politically inspired, thus only making #hirport system look more secure while
producing increasing co$tsrather than being based on a risk-assessmentReode, 2008).
Stewart and Mueller (2008) show that only a fewtledse measures undertaken in the US
successively passed cost-benefit analysis, whiofiraws an earlier work by Schneier (2006).

The EU has implemented a number of regulations @irectives®. The EU law
explicitly distincts between the traditional airparharges and security charges. Security
charges should be used exclusively to meet sectwiis. These costs should be determined
using the principles of economic and operationitiehcy and of accounting and evaluation
practices. It is left to each member state determine the circumstances and the extent to
which the security measures should be borne btidite, the airport entities, air carriers or

other responsible agencies or users.

33 Before 9/11, security accounted for 5-8% of oprgatosts for European airports. After the variadslitional
layers of security the figure rose up to todayiseleof 29% (ACI Europe and AEA, 2011).

3 Regulation (EC) No 300/2008 of the European Padiat and of the Council of 11 March 2008 on common
rules in the field of civil aviation security. Foetailed measures for the implementation of themmomrules
there is the Commission Regulation (EU) No 185/26fl8% March 2010.

% Norway is not a member of the EU but of the EusspEconomic Area, where EU regulation still apply.
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Figure 1.3.1. Year end security charges per passenger in 2011, in NOK, 2011 prices.3¢

Figure 1.3.1 shows security charges per passengessa Europe. Ideally, these
charges should be closely related to the assoca@ists. Norway is among those countires
with a relatively high level of security chargem& security charges in Norway are based on
outsourced security, costs in large part refleetattual costs, except for the extra investment
borne directly by Avinor, which are reflected inpdeciation from security investment.

Akhtar et al. (2010) assess security measures avédian airports and seaports by a
cost-benefit and cost-effectiveness analyses. Whidgor focus on potential terrorism
fatalities, the conclusion is that the estimategliait cost per one life saved from security
costs in airports is likely to be higher than usudbwever, they admit that there is a
possibility that the benefits of implemented segumeasures are underestimated since the
cost-benefit analysis excludes some impacts, orieenh being indirect impacts on transport
from terrorist attack.

Concerning the increasing security costs we algmearthat these costs must be
incurred in the light of more stringent regulateeguirements (Havarikommisjonen for sivil
luftfart og jernbane, 2005). On the other handjwoid imposition of high security charges on

low-volume regional airports, thereby diminishinigeir ability to attract and retain air

** Sources: AIP for Iceland, Norway, Spain and aipartGermany, Official websites for airports in $iea,
Denmark and Ireland and Finavia Terms of Servicd-foland.
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services, Avinor uses a uniform pricing model whitiee security costs are shared through the
network>’ *® This flat rate security charge had been initiadlyreased gradually but has been
stabilized lately and even lowered from 60 NOK @02 to 47 NOK in April 2013°

In order to benchmark security charges, we firgingixe the airport security systems
in other countries. Prior to the 9/11 attacks, tmma security was usually handled on a
national basis and often funded this way. AccordmdgHainmuller and Leminitzer (2003),
large airports in Germany implemented their airg@durity measures as mandated and were
already funded by the Federal Government in thed49Blowever, the pressure on the state
budget led to an introduction of aviation secufégs in order to recover part of the cost of
state employees and equipment costs. With risirgy peessure, the Federal Government
issued the permission to allow outsourcing of seguso now ‘most of the German airports
employ private screening firms or conduct screening themselves’ (Hainmuller and
Leminitzer, 2003). This pattern has been similaotiner European countries (Poole, 2008).
Already in 2001, passenger and baggage screenisghasadled by either private security
firms or a privatized airport company at 22 of @& largest airports in Euroffe(Poole,
2006).

Contrary to these trends in the operation of theuisy system, there is no clear
pattern in Europe of how costs of aviation secuatg covered. For example, in the UK
airports are responsible for security costs, whack usually recovered through fees and
charges to airlines. But this is not always theegcésr instance the very low German charges
are due to the fact that the costs of securityisesvare mainly borne by the Federal budget.
Some airports recover only infrastructural costarfrsecurity charges (Belgrade), and for
some small and regional airports there are no ggatlarges at all (Montenegro airports,
Bornholm).

Therefore, the comparison of charges does notctethe real costs of security or their
evolution over time. The presentation of securhigrges in Figure 1.3.1 above rather reflects
the system as a whole: the airport security proggoaernment involvement and authorities
in charge, the general security policy and practicafic and passenger volumes, etc. The

lack of information and transparency on securitgtegnakes a sound benchmarking analysis

*” Avinor’s charges, included the security charges,sat by the Ministry of Tr. & Comm, with the flatte of

the security charge as the main motivation thigitistional aspect.

*® Simple comparison of different airport securitycimy schemes for Australian airports also suggssise
benefits of network model agairgtarges-per-airport model (Access Economics, 2008).

** This coincides with the beginning of realization tbe contract between Avinor and Securitas Trarspor
Aviation Security AS (STAS) for the provision ofcsgity control services to all of Avinor's airportgith the
exception of OSL.

** The exceptions were in Portugal, Spain and Swiinek!
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difficult. As an approximation we have thereforefpemed a simple comparison of security
charges for countries with a national or airporstegn, i.e. between Norway, Finland,
Sweden, Spain and Iceland, since these countriesdatandardized national airport security
chargé'. This does not imply that all those systems ugestime network pricing model as

Avinor does, but they resemble each other in ppieci
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Figure 1.3.2. Security charges per departing Pax in NOK for year 2011 in Norway, Finland,
Sweden, Spain and Iceland, in NOK, 2011 prices. Sources: AIC, AIP, Finavia Terms of service
2011, Swedavia Website.

According to Figure 1.3.2, Spain with 150 millioagsengers in 2011 has the lowest
charge/pax while Iceland has the highest with @&iyillion passengers. This could be an
indication for economies of scale.

At the Spanish AENA airports the security forces armix of Civil Guard, National
Police, regional and local police and recently gisivate security guards. AENA annual
reports show substantial investments in the airpedurity system for the last ten years. It
seems likely that in Spain security costs are aayenostly through security charges (AENA,
2010), the same holds for Isavia international arigp (Keflavik International Airport, 2006).
But as Iceland is exempted from European regulategarding security inspections for
domestic flights, this lowers the total securitgisofor Isavia airports significantfy

Finavia, the Finnish airport operator, @®vthe security costs through security charges.
Due to increasing security costs, security chavge® substantially increased in 2003, 2006
and 2007, but have remained relatively stable sihea. Finavia's Board of Directors even

decided to reduce security charges by approxima@dy in September 20009.

“1 With some exceptions for Spain and Iceland; tlaeecalso some differences in charges for transfetransit
passengers and for those who are exempted fromgpayi

2 Only Reykjavik, Akureyri, and Egilsstadir airpsrhave international flights, and security (weapons
inspections are only performed on the internatidligtits, not the domestic ones.
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In Sweden, the Swedish Transport Agency (STA) lestle security charge by a
leveling system, i.e. the fee is the same at ghloais regardless of size, which is achieved by
distributing the total costs over the total numbgdeparting passengers (STA, 2009). Even
though the airports Arlanda and Bromma in Stockhobported reduced security costs
(Securitas, 2011), the security charge per passeémgeased overall from 30 SEK in 2007 to
38 SEK in 2011.

In summary, we find that there are different ségusiystems across Europen airports
and little detailed information, which preventsfusm doing a proper benchmarking. While
in Norway security charges according to the unifgmcing model are higher compared to
other countries except for Iceland, the uncleat eflscation prevents us from concluding
that the cost differential reflects inefficiencies.

One should bear in mind that security and safetyhéghly sensitive topics, meaning
that the costs of provision are usually not questibthat much. On the other hand, it is still
very difficult to assess what would be consideracetiicient security cost for a reasonable
level of quality. From what we learned, the Finaaigort security system could be regarded

as a best practice benchmark.

1.4.Implications for benchmarking: Summary
For many of the small Avinor airports, profitablpevations are not possible as low

levels of traffic do not allow them to cover theosts. This situation has become more
difficult over time, as the breakeven point seem$dve shifted. As a result, fewer airports
are profitable today than in the past and the neexoss-subsidize regional and local Avinor
airports seems to be permanent and growing, wahsfef rising amounts of subsidies in the
future. This is due to, among other things, thet that operating costs have doubled in real
terms from 2002 to 2010. This increase is causemdnyy factors such as:

- Employment costs have increased significantly b 3tween 2002 and 2010. From
2004 to 2005 there was a drastic jump of 22%. Chaige increased more than
proportionally for the regional and small airpottgcause their ability to absorb cost
increases has been limited by given manning reonangs.

- Depreciation has risen following the upgrade of éimports that were taken into the
Avinor system in 2003 to the same quality standasdthe rest of the system.

- From 2002 to 2010 security expenditures have fiserfold.
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- Internal purchases — mainly attributed to navigaservices, and rental payments for

Oslo airport’s land — have grown from 35 million Ki@ 2002 to 1.3 billion NOK in

2010 in 2010 prices.

The trend of increasing costs raises the questlogtiver Avinor could have controlled
these increases or if they have been caused hyr$daatitside of the management’s control. It
also raises the question if other European airgoaiise experienced a similar trend, which
could be analyzed by an international benchmar&majysis across Europe.

Over the last several years the financial respditgibor covering the losses of small
airports has increasingly shifted to the Avinorteys via cross subsidization, so that large
airports must be highly profitable for the viahiliof the system. The increase in their total
revenues and profits is related to the developrmkobmmercial activities rather than the rise
of aeronautical revenues, which have remainedivelgtconstant in real terms. The increase
in commercial revenues has been largely achievarkthto the more favorable regulations of
duty-free shops.

In addition, the NMTC did not take out dividendsthe financial years 2003, 2008
and 2009, thereby providing the company with anitemehl source of funds for financing
operating losses of smaller airports, investmepeasges, etc.

Subsidies for PSO routes have been another impdnteamcial instrument to sustain
the air transport network. PSO subsidizing forie@$’ operations in non-commercially viable
routes made the flights to many of the loss-malkimgorts affordable, thereby stabilizing the
demand and revenues from air traffic services.

Avinor’s aviation charges have remained relativagstant in real terms, except for
the required addition of security charges. To asfies current level and structure of aviation

charges, they need to be benchmarked against iagtpemges in other countries.

1.5. Benchmarking Avinor charges

We compare charges of large and small Norwegiapods with those of other
European airports of similar respective sizes. s8gbhently, we will summarize and assess
the airport charges and their effects.

Aeronautical revenues of the Avinor group have edlagonstant since 2002, but have
increased since 2004 due to the introduction ofirsiyccharges. Real charges per movement
have been decreasing at all airports, but thiscetias been more than offset by increasing
security charges. Aeronautical revenues show siniends as charges are set uniformly
across Norwegian airports. Differences in aviatewenues between large, regional and small
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airports are largely determined by fleet mix anelghare of international passengers.

1.5.1. International Comparison of Avinor Charges
Charges manuals for small European airports arenoftot easily available. In

addition, there is some evidence that due to disisoamall airports in several European
countries charge lower prices than those whictpalgished. Therefore we use the following
approaches:

1. For a comparison of charges of large airports veetne ATRS International Charges data
base (ATRS, 2008, 2009, 2010);

2. For small airports we will compare Norwegian aitpciiarges with those of sm&IIUK
and German airports. We have chosen these ailpectaise they face more competition than
other airports and provide some indication aboetl¢vel of (imperfect) competitive charges.
The comparison is based on charges manuals. Asawedmparison might be distorted by
discounts we also approximate average charges loylating aeronautical revenues per

movement.

1.5.2. Benchmarking of airport charges of large European airports
The sample consists of 44 airports, including GS&dermoen airport. We compare

the landing and passenger charges, excluding sgctarges for international flights with a
seat-load factor of 75%; for the typical aircrafpeé, A320-106* (MTOW 74 tonnes, 150
seats), and small type, namely CRJ-200 (MTOW 25és, 50 seats).

The charges level of Oslo airport is normalizecdbte. We then take the deviations
from Oslo charges and focus on the combined passeargl landing charges leaving aside
the structure of airport chargés.

Figure 1.5.1 shows that Oslo airport is placed suhneee in the middle of the
samplé®. Riga, Keflavik and Tallinn and even some Gerniglian, and UK airports have
lower charges than Oslo. However, these airpodsnat substitutes for Oslo or other large
Norwegian airports. In this respect the compariaath Copenhagen (CPH) and Stockholm
Arlanda (ARN) is more relevant as these airports @mpeting in the international long-
distance flights market. Oslo's charges are als&e in between these airports. The total

charges for Stockholm Arlanda are approximately 26%er and for Copenhagen are on

3 Airports with less than 2 million passengers

4 Similar results hold for larger aircraft typesdithe B 767-400 (see ATRS, 2009, 2010, 2011) Howyevieen
comparing charges among countries one must keeynith that passenger charges behave linear, whreas
landing or take-off charges based on Maximum Tak&Meight (MTOW) in most charges schemes behave non
linear and reveal structural breaks at certairrafreveights.

“5 Note that this structure is remarkably differemni other European airports because Oslo has higfirg
charges but relatively low passenger charges.

6 OSL is 15th cheapest for Airbus A320.
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average 12% higher than for Oslo airport. To coejuOslo airport is ranked ®5heapest
among airports in our sample for Airbus 320 airctgbes.

It is also interesting to compare our analysis i benchmarking of airport charges
that was done for Avinor airports by the Norwegi@antre for Transport Research (TOI,
2009). The main objective of the TOI report wasramk Avinor airports among other
European airports according to their charges levEt® aim was to see whether Avinor
airports can be in the list of the 30 cheapest Begia airports. In our opinion, their approach
suffers from treating airports of national airpeyistems separately although they have the
same charg8§ Including such airports individually in the ranki has biased the results as
the number of airports in the survey increases.oAting to the TOI study, Oslo airport is
ranked the 30 cheapest airport for international flights, buhem adjusting the TOI ranking
by treating all airports from a national airpors®m as one airport, Oslo is now rankef,17
which is more in line with our findings of low abp charges abo¥&(for details on this issue

see appendix B, Table B1).

1.5.3. Benchmarking airport charges of small airports
We use information about landing and internatigpetsenger charges from airport

charges manuals to calculate the average chargems@ement (Table 1.5.1). This is done
for the aircraft types A320 and CRJ 200 from theR&Tdatabase with a seat-load factor of
75%. (Charges are expressed in PPP-adjusted NQK), gfices. We find that the level of
airport charges in both categories, landing andgrager charges are highest in the UK. Even
the cheapest airports in the UK sample, Leeds Brddind Humberside, have higher charges
than the two German airports and Avinor airport§.do

A comparison of airport charges might be biasecabse some airports charge less
than their posted price. Therefore, we also appmnai@ airport charges by analyzing the
airports’ aeronautical revenues. In our analysige, excluded security charges and took
differences in fleet mix into account. Table 1.%epresents the calculation for UK and
comparable Norwegian airports.

*" For example, AENA, the Spanish public body thahswand operates the majority of airports in Spseis
uniform charges rates for the majority of Spanispats, thus the levels of charges do not diff@oag these
airports. This argument also holds for other airgooups, such as ANA, the group of Portugueseipubl
airports, DHMI, General Directorate of State AirfgoAuthority of Turkey; HCAA, Hellenic Civil Aviatin
Authority, Montenegro Airports and FINAVIA Airports

“*8 The comparison in the TOI study is restrictedrie aircraft type while we base our benchmark oeethr
aircraft types of different size.

* For Germany, the two airports Miinster-OsnabriickBresden were chosen because they are the smallest
German airports for which we have reliable datzlmarges levels. Comparing the charges levels skthgo
airports to those of Avinor, it can be seen thithoaigh relatively comparable, except for smaltifts at
Munster-Osnabriick, they are lower at Avinor.
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Figure 1.5.1. Percentage deviation of total charges of selected European airports from
those of Oslo in 2010 (for Airbus 320 - 100 and CRJ- 200).

UK airports
Exeter 20,986 4,779 21,715 7,238 42,702 12,018
Humberside 17,300 5,844 15,485 5,161 32,786 11,006
Norwich 19,348 6,536 24,745 8,248 44,093 14,785
Liverpool 20,269 6,847 24,621 8,207 44,890 15,054
London Biggin Hill 31,530 10,652 23,344 7,781 54,875 18,433
Leeds Bradford 13,492 4,558 18,053 6,017 31,545 10,576
German airports
Dresden 5,721 1,933 12,680 4,226 18,402 6,160
Munster-Osnabriick 5,738 1,938 8,300 2,766 14,038 4,705
Norwegian airports
Avinor 5,106 3,450 6,637 2,212 11,743 5,662

Table 1.5.1. Landing and passenger charges for turnaround flight for aircrafts Airbus 320
and CRJ 200, in PPP-adjusted NOK, 2010 prices. Source: Avinor charges manual.

It is worth mentioning once again that the motieatibehind the comparison of
Norwegian airports with UK airports is the fact tthdK airports face relatively strong
competition compared to other European airportsparticular because of a high airport
density and footloose Low Cost Carriers. Starki@0@) argues that the behavior of UK
airports is similar to that observed in a competiindustry. We find that, if adjusted for PPP,
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charges of all UK airports are higher than thoseAwinor airports. In order to take the

differences in the fleet-mix into account, we gredpairports by the average number of

passengers per movement.

Average
Airoort Number of aeronautical  Number of
. P Total . Aeronautical revenues PAX per
Airport Name IATA commercial ]
Passengers REVENES per commercial
Code ATM .
commercial ATM
ATM

1. Bournemouth (UK) BOH 750,000 7,489 62,612,592 8361 100
Hammerfest HFT 123,273 1,188 6,684,325 5627 104
Bardufoss BDU 190,584 1,982 8,154,973 4115 96
2. Cardiff International (UK)  CWL 1,398,000 17,258 134,244,939 7779 81
Haugesund HAU 558,938 6,688 30,983,714 4633 84
Alesund AES 833,534 10,220 36,679,163 3589 82
Evenes (Harstad-Narvik) EVE 551,573 7,763 24,618,62 3170 71

3. Durham Tees Valley (UK) MME 225,000 6,765 37,559,255 5552 33
Svalbard LYR 125,781 4,031 7,656,646 1899 31
Florg FRO 159,141 5,500 11,798,718 2145 29
Drsta-Volda HOV 98,240 3,758 3,999,967 1064 26
4. Humberside (UK) HUY 283,000 13,881 46,814,187 3373 20
Banak (Lakselv) LKL 58,331 2,649 2,883,803 1089 22
Foarde FDE 82,000 3,973 3,878,567 976 21
Leknes LKN 99,358 5,459 4,545,525 833 18
Svolveer SVJ 73,136 4,076 3,895,689 956 18
Brgnngysund BNN 130,379 8,546 11,066,848 1295 15

Table 1.5.2. Approximated average charges for UK and Norwegian airports in 2010,
grouped by number of passengers per commercial ATM, in PPP-adjusted NOK, 2010 prices.

As shown in Table 1.5.2, the average level of obsnger commercial movement in
the UK tends to be higher than in Norway. For ins& for Bournemouth airport, which has a
similar average number of passengers per movensetiteaNorwegian airports Hammerfest
and Bardufoss, charges amounted to 8,360.6 NOKnopeement, whereas Hammerfest and
Bardufoss charged 5,626.54 NOK and 4,114.52 NOKnpmrement, respectively. Within the
group of airports with an average number of passenger movement of around 80
passengers, UK airports also have a higher averagees level. The same pattern can be
observed in groups with a lower average numbeas$@ngers per movement.

Comparing charges on the basis of published chaagesvell as by aeronautical
revenues clearly indicates that Norwegian airpbdrges at regional and local airports are
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relatively low®. Similar results emerge from a rough benchmart witsample of other

European airports (see Appendix B).

1.5.4. Assessment of airport charges
A peculiar feature of Norwegian airport chargethat they are largely the same for all

Avinor airports. Charges are based on minimum tekereight (MTOW) with a relative low
share of passenger charges. While security chdm@es increased drastically, the combined
landing and passenger charges have stayed coirstaat terms. They are lower compared to
competing hubs (outside Norway) and most other pean airports as well. They are also
lower than those of small airports facing competitifrom neighboring airports and
countervailing power from low cost carriers. It gltb however be noted that this analysis
does not imply that airport charges at Oslo mighit lme lowered to win traffic from other
competing hubs. Whether such a strategy could wiagends on the elasticity of demand, on
which reliable estimations are not available fotd3s

Regarding the structure of charges, a weight-bagstem related to MTOW can be
interpreted as a kind of Ramsey pricing. This apphas an attempt to cover average costs by
charging a high price for customers with low prétasticity and a lower price for price elastic
customers. However, a weight-based system relateTOW does not fully maximize
welfare (Martin-Cejas, 1997). Moreover, gains frperfect Ramsey pricing might be low.
Jargensen et al. (2010) analyze the effects ofrasBgp scheme for Norwegian airports. They
grouped Norwegian airports in three categories siggested to lower charges at large
airports and to increase them at small airportsvéi@r the estimated increase in traffic is
only around 1%, indicating that demand is rathetastic. Furthermore welfare gains were
limited.>

Marginal costs might differ from airport to airpofh such a case charging the same
prices at all airports does not maximize economnatfave. We are not able to analyze this in

this study because there is no reliable informatiormarginal costs on an individual airport

> The comparison of aviation charges based on infoomaxtracted from charges manuals often diffendfr
the figures reported for aeronautical revenuestdutifferent charges schemes, special discountsidfelences
in seat load factor. For example, the calculatedwarhof charge for domestic turnaround flight fdR&200
based on the information from charges manuals sqa&d,265 NOK, while charge of some of the local
Norwegian airports, as shown in Table 1.5.2, isdlowClearly, this difference arises due to lowember of
average passengers per movement, but one carhalk®f incentive schemes and special discountgimda
their roles.

>! See the presentations by three experts on this &tjthe 2009 90 conference: Competition betwegoes
(pdf) - Kjell Wilsberg, Consultant, Gravity Cons@bmpetition between airports (pdf) - Sarah Prod®Reute
Development Manager, CPH Go Competition betwegyodis (pdf) - Gorm Frimannslund, Senior Vice
President SAS Ground and Handling http://www.arima/en/avinor/aboutavinor/X_conferencevideo

2 For a discussion on the Norwegian debate on the &nd structure of charges see Appendix C.
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basis. However, given the different length of ruggvand varying weather conditions, it is
very likely that marginal costs do différ

Another point to consider is that weight is genlgrabt a good proxy for marginal
costs as the damage caused by different aircrpéistys not well related to weight. Better
proxies are easily available (Hogan and Starki®320Compared to a decentralized system
Avinor could more easily reform charges and adopéeter proxy for the damage caused by
aircraft which would lower the maintenance of rugwaa

All these reforms of the structure of charges tatave discussed should in principle
increase welfare and the efficiency of airportd,the largest gains are made if charges reflect
the scarcity of runways, terminals and apron pgrkiExcess demand however is, with a few
exceptions (Bergen), not observed and currentlyamotirgent problem of airport pricing in
Norway>*

In summary, the level of charges at large Norwegaports is lower than at
competing hubs. At regional and local airports ¢tharges are most likely below the level of
what other European airports charge under compeitionditions. The structure of charges is
also not efficient currently and could be reformieg a more disaggregated regulatory
approach which reflects different marginal cost énal-of-service (like requested services

levels and turn-around times) at airports.

3 Take as an example Fagernes, which has typicetiyss capacity, needs only a third of the runwayjtchas
high snow removal costs, since it also receives afl snow. On the other hand Rgst is an islaitkd basically
no snow and seldom ice due to high salt contetitarair.

** Since the Avinor charges scheme does not inathdeges for aircraft parking, there is an incentivevaste
precious apron capacity, measured in available eumbparking positions, during peak hours.
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Chapter 2: Avinor in an international comparison

Given the difficulties in assessing financial afiecy in cases where profitability is
not the sole purpose of a business, the interratiperspective can be helpful. Therefore, in
the following the performance of the individualparts in the Avinor system is compared to
that of their counterparts in other European coesitrBefore turning to multi-dimensional
efficiency methods to benchmark the overall airpoaductivity in the second chapter of this
report, we first take a look at partial performanoeasures (PPM) as efficiency indicators.

2.1.Application of partial performance measures (PPM) for

benchmarking purposes
Partial Performance Measures offer a possibility eealuate data on airport

performance in a direct way, as they do not recamgmodel specifications. Being calculated
as a ratio of two variables, they provide partisfiormation about selected performance
aspects. Managers often find such information usafuthese partial measures are intuitively
easy to compute and understand. The interpretaifoauch measures is straightforward
provided that the comparability of the data useensured. Graham (2005, p. 100) states that
“there are a growing number of airports that ar&ingaextensive use of many of the partial
performance measures”.

However, PPM ignore the interaction between mudtiptiputs used and outputs
produced. This makes any conclusions about theathy@oductivity of airports impossible.
Different levels of vertical integration acrosspairts used in the PPM analysis might also
lead to misleading results. It rises, as more amdenactivity is being being outsourced.
Multi-dimensional efficiency methods such as Datevéfopment Analysis (DEA] or Total
Factor Productivity (TFP) would therefore be thes gureferred option which we pursue in
chapter 3.

Keeping the limitations of the PPM analysis in djiwe have to note that it has the
great advantage of shedding light on specific parémce areas that remain concealed when
considering the overall performance only. It aldoves a good comparison over time, if the
degree of vertical integration does not change.

2.2.Choice of potential PPM
PPM are ratios that relate particular outputs tdigdar inputs. The main inputs of an

airport that can be used in the analysis are varmoeasures of labor and capital. Outputs

5 We will present the DEA results in chapter 3 d$ ifeport.
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widely used in the benchmarking literature arertbmber of passengers, freight volume and
the number of air traffic movements (ATNP).The number of work load units (WLU), a
combination of the number of passengers and freighime, can also be used as an indicator
of output®’

These physical outputs can also be viewed as ieghiary ones, if one regards
monetary measures such as revenue or EBIT as tdtimdputs. In this case it also makes
sense to look at ratios of monetary to physicapotst However, it may be controversial to
consider a profit measure such as EBIT to be amailé performance measure, since it
depends on accounting systems and methods implethahtirports. Moreover, airports may
have goals other than pure profit maximization. i@es airports are subject to different
regulatory regimes and operate in different conipetenvironments. However, it is possible
to interpret this indicator as a measure of sedtanability, i.e. the airport’s ability to finance
its own development or as a measure of relativepaddence from subsidies which can also
be seen as an objective.

All PPM used in our analysis can be classified itlte following four principal

categories:
1. Profitability
2. Revenue generating capability
3. Cost efficiency

4. Labor productivity

As mentioned above, a major problem causing distestwhen relying on PPM is that
the degree of vertical integration (the level ofsowrcing) varies across airports. Depending
on the type of the outsourcing agreement, an dirpompany may or may not collect
revenues and incur costs associated with partiadavities. For example, providing ground
handling services in-house results in ground hagdlevenues and corresponding costs,
whereas a concession agreement with an externatesegarovider will just lead to collection
of a concession fee and does not incur costs. Lpkmductivity measured as some output
such as the number of passengers per employeeciiefdre much lower, if the airport

insources all activities. It rises as more and na@tévities are outsourced.

*® The latter was shown to be problematic due to wffees in the fleet mix, which are often not takea

account, see e.g. Graham, (2005).

*WLU is commonly defined as one passenger or O.ien&innes of freight (CAA; 2002, p 10). However,
WLU is an arbitrary measure of output since an airill not necessarily employ the same amount and
combination of resources in handling both typesrafic or they may require different levels of @ee quality.
Alternative WLU calculations used to mitigate th@seblems are also questionable.
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One option to handle the problem of differencesumsourcing is to standardize the
data so that each airport can be thought of asrtaldieg a uniform set of activities (e.g. for
the airports performing ground handling in-housasts and revenues shall be adjusted in
such a way as if they outsourced this activitygach comparability within the sample. The
same procedure would apply to those airports thataie their own retail shops, car parks
etc.y® It is feasible to account for significant diffeees (such as those caused by the
outsourcing of ground handling), at the very least possible to use the data on airports with

a similar outsourcing mix only, but complete cotesigy is unlikely.

2.3.Performance measures considered

The main physical output used in the ratios isrtbmber of passengers. We favor it
over air traffic movements (ATM) and work load n{tVLU) for the reasons mentioned in
the previous section. In what follows we first,abize profitability using EBIT per passenger
as a “financial output”. Since it is affected neittby the degree of integration, nor by the
level of interest paid or received, nor by the imeotax rates, EBIT measures profitability on
the basis of the operating result only. Secondpremrtical and commercial revenues per
passenger are analyzed separately in order tosafisesrevenue generating capability of
airports. Third, total operating costs measurethassum of all operating expenses excluding
and including depreciation provide information aboast efficiency on a per passenger basis.
Finally, we use two measures to assess labor ptiwdyc number of passengers per
employee (measured in FTE) and total revenuesmptogee (measured in FTE). Due to the
limited availability of data on the number of emy#es, the sample for labor productivity

analysis is more restricted than the one usechoahalysis of other aspects of performance.

2.4.Choice of suitable airports for the benchmarking analysis
As recommended by the pre-study (Merkert, Pagli@deck, Brathen, Halpern,

Husdal, 2010), the focus of the comparison withn@viairports should be on countries with a
similar airport governance structure and a largaresiof remote airports, such as Scotland,
Sweden, Finland, Greenland and Iceland, where mibshot all airports are under

federal/public authority and certain routes arerafgel under Public Service Obligations.

%8 In essence, one has to normalize the data taathe sore activities of an airport as has been egjiri studies
by the University of Westminster and Cranfield Usnisity (Graham, 2005) and in thé port Performance
Indicators by Jacobs Consultancy (TRL, 2005).This procedsiret without drawbacks, as commonly allocated
fixed costs have to be reapportioned without dedaiinowledge of the accounting procedure, and any
economies of scope experienced by the airport woale to be ignored. See also CAA, 2002, paragtaghHor
details.
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One focal point was small and medium-size airpontkich we could use for a
comparison with the regional and local Norwegiapaits. We were able to obtain data from
some of these countries recommended in the pre-gtied from Scotland, Iceland® and
Greenland'). We also looked to countries with other forms gmvernance structure and
considered small and medium-size airports in Franbe United Kingdom, Italy and
Germany among others in addition to the airporthefabove mentioned Nordic countries.

Another issue was to ensure that a good-sized saaighrge airports was available
for the benchmarking of the larger Avinor airportsere we relied mainly on the GAP
database, which contains an adequate amount obddtage European airports. However, in
what follows we do not carry out a separate PPMyaisafor the groups of large and small
airports, but rather consider pooled samples. Rarfig the PPM analysis, we do not use the
entire time span of the data available, but ratieserve the change over a certain time period
by looking at the situation at several points mdi For some performance measures we could

use data on airports not present in the DEA saisgle the list of airports in Appendix E).

2.5.Benchmarking results with PPM

2.5.1. Profitability analysis
In our initial analysis in Section 1.2, one of tiedings was that most of the small

Avinor airports have quite large losses per passergd that the break even point in terms of
the annual number of passengers apparently shofted time. While in 2002 some airports
were able to break even serving a little over 200 ,0assengers per annum, in 2010 this was
possible only at airports that achieved an outpubare than 800,000 passengers per annum.
It is therefore interesting to analyze at whiclesan airport can break even in an international
perspective. In this analysis, we differentiatewssn “boundary estimates” (i.e. best or
exceptional results) that we find on the profiliépifrontier and “average breakeven points”
(based on regression results).

Using a sample of 154 European airports we showTlHidr passenger figures for
each airport in the sample for the selected years 2002 to 2010 related to airport size

(measured in number of passengers per year). Eartt pn the graph in Figure 2.5.1

¥ HIAL is the company that owns and operates 11ogispin the Scottish Highlands, the Northern Isled the

Western Isles and served approximately 1.1 milpassengers in 2011. The company is wholly ownethby
Scaottish Ministers and is funded by the Scottislv&pment's Transport Directorate.

% |savia is a limited state-owned company, whichdbes the operation and development of all airpaorts
Iceland and manages air traffic in the Icelandiotal area. 12 Isavia airports serve scheduledhtigand

airports in Iceland served approximately 781,00@estic and 2.1 million international passengeraQl.

! The Greenland Airport Authority (Mittarfeqarfiijperates under the responsibility of Ministry ofusing,

Infrastructure and Transport and controls 13 atgpand 46 helicopter landing spaces. They servee finan

430,000 passengers in 2011.
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represents an airport, with different colors usedeach year. The enveloping bound for the
even years from 2002 to 2010 indicates the modttaiote airports separately, and allows us
to derive the profitability envelope for these year
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Figure 2.5.1. EBIT per passenger vs. number of passengers at 154 European airports in
2002-2010, in PPP-adjusted NOK, 2010 prices.

We find that the envelope shifted downwards, whichuld be interpreted that the
profitability worsened for the smaller airports ihgy this time, a trend which we had already
seen above in Figure 1.2.1 for the Avinor airpoftse move of the boundary breakeven point
to the right suggests that over time a higher l@fghbassenger volume is required to break
even®*The movement is not the same in all of the cousinghe sampfé

Next we analyze how the performance of the smallawegian airports fits into this
break even analysis in detail. We plot the 7 datges (France, UK (non-HIAL), Germany,

°> EBIT levels of at 60 to 100 NOK per passenger, withdon-City (LCY) airport with 144 NOK per passeng
being the exception.

8 Qur analysis for France indicates that some dbitsdemand airports achieve a break even at ldsvais. In
2002 the break-even point was between passengemes| of 17,680 and 63,000 defined by French asport
AUR and EGC In the years 2004 to 2009 the break @eint for the the top performing French airpdigs in

the range of between 180,000 and 290,000 passehgétaly in 2003 it lies between about 300,008gmEngers
for Pescara (PSR) and Forli (FRL) airports, theetavith about 350,000 passengers. In 2010, whalan and
French airport data is missing, the break eventpsirshifted even more significantly to the righidalies
approximately between German airport FriedrichamgieDH) with 590,000 passengers and British airport
Exeter (EXT) with 737,000 passengers.
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HIAL, Iceland, and Italy in addition to Avinor aiopts®) for the years 2002005, 2007 and
2009 separately (Figure 2.5.2). Visual inspectidtrowss that although the four curves
composed of all plotted points look similar, thevaufor 2005, 2007 and 2009 is positioned
somewhat lower than the one for 2002. Indeed, 664 airports analyzed, 108 had a lower
EBIT per passenger in 2009 than in 2002. The nuroberirports with positive EBIT per
passenger went down from 74 in 2002 to 56 in 20089s trend is also confirmed in
Table 2.5.1, which shows the development of avenrsaes of EBIT per passenger for
different airport size classes.

A simple linear regression analysis of 96 Europagports (not including Iceland and
Greenland because of the lack of reliable datajrsgup to 10 million passengers p.a., where
we try to approximate EBIT per passenger as thetikmm of passenger volumes, shows that
in 2002 the average airport serving at least Ollamipassengers annually was able to cover
its operating costs (including depreciation). 002, on average at least 1 million passengers
per year were needed to break even. All this magdam as the evidence for the result that
declining profitability of small airports is a Eyrean trend. Some other conclusions are:

- There is a large variation in the profitability ass the airports in the sample.

- We are very surprised about the much lower loseepax for the small Icelandic airports,
even estimating their depreciation rather consemigt They do not seem to fit the
“curve”, being more profitable than expected (tleeyn little, but their costs are also low).
The profitability spread between Iceland and ottmuntries seems to be widening over
time, it should increase further with a doublinglsdvia’s aviation charges over the last
two years”.

In addition to analyzing the profitability envelopé all the airports in the sample in
Figure 2.5.1, we have also done a separate finaacalysis for the large airports by
analyzing the profitability (as measured by retom equity (ROE)) of the largest Avinor
airport Osl8°® in comparison with a group of seven major Europaigports of a similar size,
using a DuPont analysi$.Oslo airport showed the highest ROE in 2010 coegpawith

comparable European airports, but the results dfieutt to interpret because of different

% Greenland figures cannot be added as no EBITdigare available due to the lack of the depreciatata.
% Aviation fees have risen several times since Flyr2009: e.g. a 12% increase of landing changes
followed by increases in June 2010 (27%), in ARBIL1 (29%) and April 2012 (36% ) so that by todsiation
fees have more or less doubled from 2009 (105% &% in landing charges, from 2008 — 76% increase i
passenger charges from 2010).

% We could only use Oslo for this analysis, this Wesonly Norwegian airport, for which we had separ
financial accounts.

®7|ts methodology, the underlying assumptions atetjmetation of the results of the DuPont analgais be
found in Appendix G. Here we only report the madauits.
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Figure 2.5.2. EBIT per passenger vs. number of passengers at European airports in 2002 (upper left), 2005 (upper right), 2007 (lower left) and
2009 (lower right). No revenue or cost adjustments.
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forms of ownership (public versus private) in tleenple. Oslo as a publicly owned airport
does well in this analysis with higher equity rermainly because of large loans from its
owner, the government. Privately held airports galhecannot achieve such leverage.
However, a hypothetical ROE of OSL independentheke effects is estimated to be
17%, which is still the second highest level in sample (1st: CPH - 26%, 3rd: DUS - 14%).

100.000- 1.000.000-
R 1.000-10.000 pax 10.000-100.000 pax 1.000.000 pax 10.000.000 pax >10.000.000 pax

‘02 ‘05 ‘02 ‘05 ‘07 ‘09 E& ‘07 ‘09 ‘02 E M M& ‘05 ‘07 ‘09

France 9| -108(-306| -135 -27| -23| -34) 22 46
Germany -99|-130|-157(-218] 6| -25| -20| -24] 57| 28| 45| 38
HIAL -1,132|-1,168( -938| -925)-446|-605(-496|-537]-155| -241|-151(-140]

Italy -144 -5 -48| -45/-142] 12| 12| 13| 12

Norway | -762|-1,661(-2,085|-2,756]-194|-608| -606 -628| -19| -82(-128|-136| 54| 42| 30| 38| 43| 63| 79| 78
UK 42| 11| -11| -94f 52| 47| 47| 27 55| 52| 49| 20
Iceland -853| -683| -577| -708|-209|-146|-147|-154{-150/-101| -83| -93

Table 2.5.1. Average EBIT per passenger at European airports in 2002, 2005, 2007 and
2009 for different size classes, in PPP-adjusted NOK, 2010 prices.

In summary, our financial benchmarking of all Avirairports indicates that they are
average performers. Avinor airports appear to m#wehoverall relation between size and
profitability of an airport quite well, i.e. the mesponding points are in most cases located in
the middle of the band composed of all observatidiie dispersion between the smallest
Avinor and Iceland airports was substantial bot®2 and 2009. However, there are signs

of a worsening performance of Avinor airports coneplato other airports.

2.5.2. Revenue generating capability: aviation revenues
In the section above we were not concerned withaigbort comparability across the

sample when analyzing the changing break even poétiause profitability was viewed as a
performance measure irrespective of the degreerntital integration. In this section we must
take the issue of comparability into account. Ohthe main comparability issues is whether
ground handling (GH) is performed by the airpost,the airline, or whether it is contracted
out to independent ground handlers. But with thia daailable to us it was relatively easy to
make revenue data for all airports in the datalmasee comparable by disregarding airport
revenues from ground handlifiyFor this comparison, we also used the data onFimaish
airports for 2009 (similar data for 2002, 2005 &@d7 was not available) and the new data
we received from Iceland and Greenland. We disteghETOPS revenu®of Greenland

% A similar procedure for the adjustment of costmimost cases not feasible at all (see below)
%9 ETOPS revenues are revenues from advance payteatdines for the possibility of an emergencydamy
outside normal opening hours. They can be compareturance fees.
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airports as a unique revenue source not availablethier airports when calculating their
aeronautical revenues. The data is plotted in Ei@u5.3 and the average values for different
size classes are given in Table 2.5.2.

There is a high variation in aviation revenues et across our sample, especially in
the lower size range. Only for larger airports He figures become a bit more similar. The
aviation revenues for Avinor airports seem reldyivew, i.e. disregarding exceptionally low
aeronautical revenues of Icelandic airports, theyimthe lower part of the whole spectrum,
almost independent of the size of the airport. et position of Avinor airports relative to
some other groups in the higher size range chaagédanoved upwards: in 2002 aeronautical
revenues per passenger at Avinor airports werelglamong the lowest in the sample, except
for Iceland in the lower size range and for bigljalian airports. But already in 2004 Italian
and many UK airports earned significantly loweramautical revenues per passenger than did
Avinor airports. Aeronautical revenues per passergdhe Finnish airports in 2009 were
similar to those of Avinor airports. Greenland'spairts perform better than Avinor’s
consistently. For some groups the changes in aeticalrevenue per passenger from 2002 to
2009 were significant: on average, aeronauticaémae per passenger grew at HIAL and
French airports, and fell at Italian and UK airgofo clear time trend can be observed for
Avinor and German airports. As already mentionedyila has very low aviation revenues,
their charges have been constant throughout mastegberiod, but have more than doubled

since 2009, so these pricing changes do not shaw ting graph.
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Figure 2.5.3. Aeronautical revenue (without ground handling) per passenger vs. number of passengers at European airports 2002 (upper left),
2005 (upper right), 2007 (lower left) and 2009 (lower right), in PPP-adjusted NOK, 2010 prices.
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100.000- 1.000.000-

Country 1.000-10.000 pax 10.000-100.000 pax 1.000.000 pax 10.000.000 pax >10.000.000 pax
France 87| 89| 94 104 80 89| 93| 108] 91| 93| 102| 102 90
Germany 92 67| 87 89' 108| 98| 95/ 107 84| 88| 104| 91
HIAL 199, 213| 289| 303| 158| 212| 213| 226 183| 158| 145| 154

Italy 47 63| 48| 56/ 68| 70/ 64| 70| 65

Norway 101 78| 75| 163] 77, 89| 76/ 78, 74| 90/ 81| 86 81| 89| 80 83| 79| 88| 81| 85
UK 168| 117| 118| 113) 120| 95| 82| 88| 86, 83| 97| 130
Finland 78| 84

Greenland 199( 198| 196 188| 199, 200|

Iceland 32 42| 34| 32| 18| 20 19| 18 20, 27| 26| 23

Table 2.5.2. Average aeronautical revenue (without ground handling) per passenger at
European airports for 2002, 2005, 2007 and 2009 for different size classes, in PPP-adjusted
NOK, 2010 prices.

2.5.3. Revenue generating capability: commercial revenues
We observed in previous sections that the commemi@nues of Avinor airports —

especially of the large ones — increased signifigasturing the period from 2002 to 2010
mainly due to the increasing importance of dutyfsales which had also been encouraged by
changes in government policies. In 2010 non-aetcsurevenues at Oslo airport were
above 50% of the total operating revenues. At regié\vinor airports commercial revenues
have also been increasing.

Figure 2.5.4 shows commercial revenues per passefgAvinor airports in the
European context for 2002, 2005, 2007 and 2009 rakpe on the passenger volumes
(average values for different size classes arenginelable 2.5.3). There is data on 87 such
airports in our database. We disregarded fuel salenues of Greenland airports when
calculating their non-aeronautical revenues.

In all years the overall picture was similar: walew outliers (mostly small airports)
commercial revenues increase as a function of dirgi@e. Icelandic airports earn clearly
below average revenue and some earn no revenlle at a
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Figure 2.5.4. Commercial revenue per passenger of European airports 2002 (upper left), 2005 (upper right), 2007 (lower left) and 2009 (lower
right) in PPP-adjusted NOK, 2010 prices
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1.000-10.000 pax |

10.000-100.000 pax

100.000-1.000.000 pax ‘ 1.000.000-10.000.000 pax

>10.000.000 pax

2005
France 74 71 68 58 78 93 81 61
HIAL 21 34 26 30 20 24 27 33
Norway 30 45 49 - 30 39 33 27 24 29 42 48 37 46 56 60 76 92| 112 | 114
UK 145 | 169 178 69 69 78 75) 118 | 110 | 107 | 125
Finland
Greenland 29 34 27 12 7 6
Iceland 7 8 7 1 6 6 5 4 4 3 3 8

Table 2.5.3. Average commercial revenue per passenger at European airports for 2002, 2005, 2007 and 2009 for different size classes (outliers
not considered), in PPP-adjusted NOK, 2010 prices.
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Figure 2.5.5a (left). Retail revenue (Duty free + Food & Beverage + Stores) per passenger of Avinor airports and selected large European
airports in 2009, in PPP-adjusted NOK, 2010 prices.

Figure 2.5.5b (right). Parking revenue per passenger of Avinor airports and selected large European airports in 2009, in PPP-adjusted NOK,

2010 prices.
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One can conclude that the performance of large évairports is in line with that of
their European counterparts, particularly for 2@®d 2009. However this must be seen in
perspective, as the regulatory environment for drgg sales is different. Norway is not a
member of the EU (but a Schengen country) and tepletely different tax-free regulations
on alcohol and tobacco. In addition, since 200paats have been allowed to offer tax free
sales for arriving passengers, which is not the éasmost airports in our sample

The combination of non EU membership and high ga@e alcohol and tobacco
makes tax free sales a more profitable businedéomvay than for the other airports in the
sample. Figure 2.5.5¢ shows the growth of duty-fales per passenger for the four largest
airports. But as we saw in Figure 2.5.4, this glowid not lead to a significantly better

performance of Avinor airports in terms of commalkcevenues per passenger.

140 -
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120 -
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100 - = (0S5L

90 ——BGO
80 - SVG
70 | = ——TRD

NOK/inernational pax
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50 -
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Figure 2.5.5c. Duty free revenue/international pax over time for the large Avinor airports,
in PPP-adjusted NOK, 2010 prices.

It is also useful to obtain additional insightsointhe components of commercial
revenue generation. Unfortunately, detailed daganat available for many airports, but we
could use some data that had been collected witlenGAP project on parking and retail
revenues per passendérComparing such figures with those of Avinor aitpdan 2009, (we
only looked at the four large airports and two oegil airports - TOS and BOO), we find that

the large Avinor airports perform very well in thegspective traffic group (Fig. 2.5.5a). The

®We estimate the effect of the introduction ofydinee on arrivals with a simple linear regressitom:14
airports duty free revenue per international paaeerage yielded an additional 25 NOK/pax in easér after
the introduction on July 1 2006.

"t Among the data sources were Verdict Research §2fid Moodie (2010 and earlier years). See also the
comparison with UK airports in Appendix F.
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smaller airports TOS and BOO, however, performddvb@verage, which is most likely due
to the smaller share of international flights aiherefore, lower duty free revenues.

Parking revenue per passenger (Fig. 2.5.5b), anatih@ortant component of
commercial revenues, was at an average level datbe Avinor airports, but significantly

below average in their respective traffic groughattwo regional airports TOS and BOO.

2.5.4. Cost efficiency
In order to estimate cost efficiency we use opegatiosts per passenger excluding

(Figure 2.5.6a) and including depreciation (FigRre.6b). Average values for each size class
are presented in Tables 2.5.4 and 2.5.5. As mesdi@bove, since any adjustments for the
level of vertical integration are very difficultdmpanies often do not publish cost data for all
business segments), we use the same dataset forbarking cost efficiency that was used
for the commercial revenue analysis, but excluddrgenland (83 airports). In addition to
that, we were able to obtain some cost data onFRiwaish airports for 2009, but as in the
case of aeronautical revenues we cannot obserweréra from 2002 to 2009.

The negative relationship between operating costpassenger and the airport size is
quite straightforward. Nevertheless, it can bertyeseen that whereas Avinor had some cost
advantages in 2002 when its costs were the lowaeng the airports in the sample, except
for Iceland, this cost difference seemed to havasted already in 2005, especially for the
small airports. Icelandic airports seem to havéfardnt cost function; they do not follow the
European patteffi (Finnish airports also did achieve lower costsgasenger than Avinor in
2009). Though it is possible to say that in 2002 tlsts of Icelandic and other European
airports were quite close to each other, the gagemed later due to rising security costs
outside of Iceland.

When adding depreciation in our analy3is Figure 2.5.6b, we see a picture similar
to the one in Figure 2.5.6a: in this case the dpgyaosts of Isavia airports were quite close
to those of Avinor airports in 2002, but still catesrably lower by 2009.

"2 The two largest airports in the sample, Reykjarikl Akureyri, are also outsourcing several servisash as
approach services (Reykjavik only), security, fijafing and equipment maintenance).

”As a state-owned company, all terminals and runwéysavia are state owned, (but after 2007 alicleb are
owned by Isavia) so it is very difficult to estiraghe capital structure or depreciation. We hheegfore used
the algorithm suggested by Gudny Unnur Jokulsdditirance Manager of Isavia, to estimate annual
depreciation figures as a basis for this. The #lgaris believed to overstate actual depreciation.
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Figure 2.5.6a. Operating costs (without depreciation) per passenger at European airports in 2002 (upper left), 2005 (upper right), 2007 (lower
left) and 2009 (lower right) in PPP-adjusted NOK, 2010 prices.

58



é 1800 ¢ Avinor é 1.800 - @ Avinor
S 1600 - X 8 1.600 -
S . B France S R M France
S 1400 - A HIAL Q 1.400 - % "’ A HIAL
S 1200 - X UK (non-HIAL) || § 1.200 - » % UK (non-HIAL)
2 2 L 4
1000 - X Iceland 1.000 - o X Iceland
X
800 | o A 800 - o *
X o N
600 - * 600 | -~ [0
* o A X
400 - x ,’, ¢ x 400 - &
X (4 A X '0
200 - %@&0 u 200 -
oy WS o X L R
0 T T T T 1 O T 1
1000 10000 100000 1000000 10000000 100000000 1.000 10.000 100.000 1.000.000 10.000.000100.000.000
PAX (logarithmic scale) PAX (logarithmic scale)
¢ 1.800 - @ Avinor ¢ 1800 - @ Avinor
g- 1.600 - 0’ M France OE- 1600 A .’ M France
*
S 1.400 - A HIAL § 1400 - A HIAL
- - *
b4 - b4 _ -
g 1.200 - . X UK (non-HIAL) g 1200 y X UK (non-HIAL)
1.000 - . o X Iceland 1000 - X lceland
o L R
800 - g4 800 - X .
600 | xx 600 -
& ‘ X ¢ e
400 - » 020, 400 - v .
X ”0 X i X ¢ X
200 - K ox WadP WPoodmx o 200 # xR
0 T T 1 O T T T T 1
1.000 10.000 100.000 1.000.000 10.000.000 100.000.000 1000 10000 100000 1000000 10000000 100000000
PAX (logarithmic scale) PAX (logarithmic scale)

Figure 2.5.6b. Operating costs (including depreciation) per passenger at European airports in 2002 (upper left), 2005 (upper right), 2007
(lower left) and 2009 (lower right) in PPP-adjusted NOK, 2010 prices.



100.000- 1.000.000-

‘02 ‘05 '07‘ ‘9 ‘02 ‘05| ‘07 ‘09 ‘02 ‘05 ‘07 ‘09 ‘02 ‘05| ‘07 ‘09| ‘02| ‘05| ‘07 ‘09‘

France 107| 134| 129 164/101|104(119(130

HIAL 544| 933| 762| 826| 372| 467| 351| 363

Norway |947/1,399(1,531| 2,830 274| 574| 566| 639] 90| 163| 208| 237| 52| 79| 93| 96| 68| 83| 86, 99
UK 302| 191 195{109| 91| 90(108{101(110/123| 199
Finland 201 170}

Iceland |389| 365/ 313 434 143| 118 127| 130} 107| 79| 75 91

Table 2.5.4. Average operating costs (without depreciation) per passenger at European
airports for 2002, 2005, 2007 and 2009 for different size classes, in PPP-adjusted NOK,
2010 prices.

100.000- 1.000.000 1.000.000-

1.000-10.000 pax 10.000-100.000 pax >10.000.000 pax
pax 10.000.000 pax

09 ‘02 ‘05 ‘07/‘09 ‘02 05 ‘07 ‘09 |02 ‘05 ‘0709 ‘02 ‘05 ‘07 ‘09
France 143( 169| 152| 181 139|147(160|164
HIAL 569( 940| 768| 832| 390 472| 355| 367
Norw. |1,086(1,822(2,231| 3,478 314| 758| 729| 748] 121| 208| 258| 277 67| 96(108|108{114/120 116| 124
UK 329| 201 207/127/107(106|131{131(139|157| 256
Iceland| 873| 716/ 599 727| 228 168| 168| 173] 172| 129| 110| 123

Table 2.5.5. Average operating costs (including depreciation) per passenger at European
airports for 2002, 2005, 2007 and 2009 for different size classes, in PPP-adjusted NOK,
2010 prices.

2.5.5. Labor Productivity

Fig. 2.5.7 shows the annual number of passengererpployee (FTE) for a dataset
consisting only of Avinor, HIAL, Isavia and Swebiairport$* (71 airports in total of which
42 were Avinor airports)icelandic airports seem to serve more passengens Akienor
airports, with the same amount of staff. On the band this is because they outsource labor-
intensive activities such as firefighting etc. la¢ targe airports, but on the other hand this can
also mean that they are more efficient in manatfieqy workforce and especially temporary
staff. On average Avinor airports serve more pagsenper employee than their HIAL peers
among the smaller airports, and their performaapart from a few outliers with a very high
PAX/FTE value, is comparable to that of the Swedisports among the larger airports.

" We were able to obtain partial data from publiparts for some Swedish airports. For other cousitid E
data is very difficult to obtain, explaining the alfirsample size.
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Figure 2.5.7. Annual number of pax per employee (FTE) at selected European airports in 2006 (left) and 2009 (right).
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The situation was quite similar in both 2006 an@2QAll four airport groups seem to
experience positive scale effects, but these effat more pronounced for Avinor. We can
reach a similar conclusion when observing totakenexes per employee as a performance

indicator.

2.6.Summary of Benchmarking results with PPM/ comparison with
European airports

On the basis of the data assembled for the study.applied PPM that can be
classified into the following 4 categories:
1. Profitability
2 Revenue generating capability
3. Cost efficiency
4 Labor productivity

Profitability is analyzed using EBIT per passengsra ratio of a “financial” to a
physical output. We found that the declining pdditity of small Avinor airports which we
observed is also a European trend: the break ewen pad shifted by 2009 compared to
2002”°

Oslo had the highest ROE in 2010 compared withrséuge European airports in our
financial DuPont analysis, largely because of sii&l loans from the government. But
these results are difficult to interpret becauselitierent forms of ownership (public versus
private) being involved. However, Oslo’s ROE -atled of these effects - is estimated to be
17%, which is still the second highest level in sample (1st: CPH - 26%, 3rd: DUS - 14%)).

Aeronautical and commercial revenues per passexgeused separately to assess the
revenue generating capability of airports. Aviatremenues per passenger for Avinor airports
are relatively low, almost independent of the fehe airport. However there were many
more European airports earning lower than Avinepais revenue per passenger in 2009
than in 2002.

In terms of commercial revenue generating capgb#ivinor airports fit the European
trend quite well.

Total operating costs measured as the sum of altatipg expenses excluding and
including depreciation igsed as an indicator for cost efficiency on a Eespnger basis. The

negative relationship between operating costs pesgnger and the size is observed for all

’® Given the increasing possibilities arising fronmmwcial revenue sales in the last decade, we wamilshlly
not have expected this trend. However, the optiomggin extra non-aviation revenue may not be satgor
small airports.
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airports in the sample. But we find that whereasndw had some cost advantage in 2002
when its costs were the lowest among the 72 asparthe sample, except for Iceland, it
seemed to have vanished by 2009 and now their noesfice is about average compared to
the total sample.

Finally, assessing labor productivity, we can cadel that Avinor airports serve on
average fewer passengers per employee than Icelamgiorts, but more that their HIAL
peers among the smaller airports, and that theopeance of Avinor airports, apart from a
few outliers with a very high PAX/FTE value, is cpamable to that of their Swedish
counterparts among the larger airports.

As mentioned above, we have utilized partial penfamce measures to determine the
relative position of Avinor airports in comparisaith other European airports. However,
these measures gave only partial information, ofemuiring a small sample in order to
compare, and fail to make a more definitive assesswof the overall performance. To be able
to do that, we next utilize Data Envelopment Analy@EA) in order to determine the

relative overall efficiency of Avinor airports inEeuropean context.
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Chapter 3: Benchmarking Avinor with Data Envelopment
Analysis
3.1.Introduction

The purpose of this chapter is to present our t@fubm a DEA benchmark that
compares Norwegian airports with other Europearpodis of a similar size. Data
Envelopment Analysis (DEA) is one of several maatglapproaches which measure multi-
dimensional, efficiency estimates. The model deteesthe relative efficiency of decision
making units (DMUs) through an analysis of multipi@riables defined either as inputs or
outputs (Charnes et.al., 1978). DMUs (airports padicular year) are assessed on the basis
of a weighted sum of multiple outputs divided bweighted sum of multiple inputs, without
describing the production function directly. Thisonaparametric approach solves a
mathematical model per DMU with the weights assigteeeach linear aggregation producing
the optimal solution to the model. The weights @resen so as to show the specific DMU in
as positive a light as possible, under the regindhat no other DMU given the same set of
weights receives a score greater than 100%. The It receive a score of 100% are
deemedélatively efficient and others lying below the Pareto frerifiare deemedelatively
inefficient.

In Fig. 3.1.1, we demonstrate the modeling appraaicata envelopment analysis
with a simple example, where DMUs produce the singlitput “air traffic movements
(ATM)” with two inputs, namely “staff costs” and tleer costs”. Under this approach, DMUs
A, B andC are deemed relatively efficient. The solid blueslrepresents the frontier derived
by DEA from data collected, with each DMU utilizimgfferent amounts of the two inputs in
order to produce, in this case, a single outpute Télative efficient frontier is thus a
piecewise linear, empirical, external, productioantier. This frontier is thus the revealed
best practice production frontier in which the mim inputs empirically achievable are
obtained per DMU given the output that must beesrv

DMU D in Fig. 3.1.1 is not efficient and will hence reeeia score less than one
which in turn identifies the source and level dgdfiiciency for each of the relevant inputs and
outputs. We argue that the inefficient DMU can méwehe frontier, potentially in several
ways, as described by the dotted orange linesekample, the DMU could simply reduce the

level of inputs, such as other costs and move tsvaointd or alternatively reduce staff

costs and move towards poigtproviding at least the same level of ATM. This wbide

"®In a Pareto efficient economic allocation, no oaa be made better off without making at leastindiidual
worse off. If economic allocation in any systermét Pareto efficient, there is potential for a Rare
improvement—an increase in Pareto efficiency throtaallocation.
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considered an input-oriented radial model. Theroéiiternative is to search for a shorter path
to the frontier such that all inputs are reducedadlg, hence to pointl. In a non-oriented,
non-radial model, the inputs and outputs could l@nged simultaneously and by different
proportions. Additional information provided by ghimodelling approach enables a
description of the relevant part of the frontieddhe benchmarks for the inefficient DM

In this case, DMUsB and C act as relevant benchmarks for hypothetical airmbr
Consequently, each DMU not located on the fronfiescaled against a convex combination
of the DMUs on the frontier facet closest to defmithe hypothetically efficient DM
(Charnes et al. 1998).

ATM 2

Other Costs

2
C
1
0 ,
0 1 2 3 4 5
ATM
Staff Costs

Figure 3.1.1. Data Envelopment Analysis Modelling Approach.

In section 3.2 we describe the data that has bedected for the purpose of
benchmarking the Avinor airport system, includihg summary statistics of airports and the
variables to be analysed. In section 3.3 we desdhk specific DEA model that has been
chosen and Appendix H presents the DEA modelingaggh mathematically. In section 3.4
we analyze the large airports and small airportsvinseparate models (specific mathematical
results are presented in tabular form in Appendlixnisection 3.5 we present the results of a
second-stage regression analysis that examinamfect of environmental variables on the
efficiency estimates. In light of the regressiomlgses, in section 3.6 we benchmark groups

of small airports based on homogeneous sets, megdhe potential levels of savings that
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Avinor could have achieved if their local and regbairports were to lie on their relevant
frontiers. Section 3.7 draws general conclusiorsetan the analyses presented.

3.2. Case Study

3.2.1. Sample Airports

The German Airport Performance (GAP) project hdkected a substantial dataset of
European airports based on annual reports and gqiglic sources. The data has been
supplemented by questionnaires completed by thporés. The dataset consists of airports
from multiple European countries as described ibld®3.2.1a and 3.2.1Db, covering the years
2002 to 2011, although this is not fully balanced.

The efficiency of Norwegian airports has been ested by applying DEA to a
number of subsets due to diverse operational axash€ial structures as well as comparability
issues with respect to airport size given the ugoley DEA assumption of homogeneity. The
availability of the ‘runway capacity’ measure iseneant only to slot constrained and schedule
facilitated airports, hence the sample with runwapacity data is referred to as the ‘large’
airport dataset and the runway length as a meadutee capital asset base of the airport is
referred to as the ‘small’ airport datd€etConsequently, the four largest Avinor airports,
namely Oslo (OSL), Bergen (BGO), Stavanger (SV& dmondheim (TRD) have been
included in the large airport dataset and all rewngi airports have been included in the
regional and local airport dataset. Veergy (VRY) basn excluded in order not to distort the
analysis, due to the fact that it only serves logliers. In addition to Avinor airports, there are
four airport groups included in the “small” airpalataset. HIAL, an acronym for Highlands
& Islands Airports, is located in Scotland and @pes 11 airporf&. Other airports located in
Scotland which are not operated by HIAL have bested under the United Kingdom and
appear in the large airport sample. The additi@amnglort groupsn the small airport sample
include Bournemouth and Humberside belonging to dWaster Airport plc in the UK,
lllulisat, Kangerlussuaq Narsarsuaq and Nuuk betantp Mittarfeqarfiit® in Greenland and
11 airports belonging to Isaffa the Icelandic airport system. A complete listteé airports

in the two samples can be found in Appendix E.

A detailed explanation of the capital asset proay be found in section 3.2.2.1 where we discusithe
variables applied in the data envelopment analysidel.

®Dundee (DND) airport belongs to HIAL only since Bewber 2007, hence has been excluded from the group
analysis.

" The Greenland Airport Authority (Mittarfeqarfiijperates under the responsibility of the Ministiydousing,
Infrastructure and Transport and controls 13 atgpand 46 helicopter landing spaces. They alscat@&rhotels
at Kangerlussuaqg and Narsarsuaqa airports.

8 |savia is a limited state-owned company, whichdesithe operations and development of all 12 aisgno
Iceland and manages air traffic in the Icelandictaa area.
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Country Number Number of Passengers Air Traffic Movements

Air::)rts Elsshation Average Minimum Maximum  Average Minimum Maximum
Austria 2 16 8,855,586 1,263,751 19,700,000 | 125,768 19,456 266,402
Belgium 1 8 16,419,769 14,446,000 18,500,000 | 253,054 232,000 264,000
Denmark 2 16 10,894,071 1,604,494 21,530,016 | 154,585 47,926 269,114
Estonia 1 8 1,267,179 606,348 1,812,791 25,873 19,397 34,319
France 3 24 5,614,830 2,482,547 7,924,063 93,490 56,244 133,769
Germany 12 96 7,739,064 994,478 34,530,593 | 106,883 24,043 420,866
Italy 11 88 3,645,856 1,013,288 7,160,008 43,916 16,201 80,896
Norway 5 40 5,604,307 1,025,714 19,344,459 77,237 22,063 230,799
Switzerland 2 16 14,452,204 7,583,433 22,099,233 | 195,174 131,739 259,149
United Kingdom 17 136 12,282,352 804,000 67,869,000 | 116,102 28,032 477,048
Total/Average 56 448 8,441,605 100,644

Table 3.2.1a. Large Airport Traffic Data.

The Norwegian airports in the large airport dataselude four Avinor airports and
Sandefjord/Torp (TRF). The Norwegian airports sewe-thirds of the average number of
passengers in the dataset and three-quarters alvérage number of air traffic movements,

suggesting that the aircraft are smaller than ieeame and/or the load factor is lower.

Country Number Number of Passengers Air Traffic Movements ‘
/ Group . = LRI Average Minimum  Maximum Average Minimum Maximum
Airports

Austria 1 9 917,184 795,063 1,008,330 18,294 16,318 20,096
Avinor 41 369 205,986 5,850 1,649,584 5,883 647 37,821
France 22 176 493,531 14,441 1,568,382 7,911 888 24,492
Germany 2 18 468,164 234,664 657,749 12,237 6,431 19,279
Greenland 4 30 122,273 50,518 268,732 6,757 4,476 9,638
HIAL 10 90 107,211 5,450 703,371 5,828 724 20,601
Iceland 11 99 74,401 269 471,372 3,797 172 22,590
Italy 5 40 757,502 49,932 1,645,730 8,630 1,936 14,646
Slovenia 1 9 1,268,468 872,966 1,676,821 27,596 18,135 36,842
United Kingdom 5 45 533,133 3,000 1,088,000 10,665 474 52,000
Total/Average 102 885 300,500 6,921

Table 3.2.1b. Small Airport Traffic Data.

The small Avinor airports comprise almost half thaaset and serve 69% of the
average number of passengers with approximately @8te average air traffic movements,
again suggesting that load factors and/or airenatrelatively small.
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3.2.2. Selected Variables

For both samples, three inputs and four outpute een selected in order to capture
all areas of the airport business within a singledpctivity analysis. The analysis aims to
measure managerial efficiency; hence the variabbge been differentiated according to
whether the airport manager is in a position tdugrice the variable in the short run.
Therefore, some of the variables are defined asratisnary whereas others are non-
discretionary and need not be reduced (increaskdinwoving towards the efficient frontier.

Financial variables in the dataset have been ajusy the PPP exchange rates to
Norwegian Krone in order to account for purchaspmwer differences across Europe.

Afterwards, the Norwegian inflation rates were usedbtain real 2010 prices.

3.2.2.1. Inputs
Staff Costs: Staff costs are defined as a discretionary inpuihe DEA in order to

capture labor productivity. The value includes safa benefits, social security payments and
other allowances. For the airports belonging taaupg, the corresponding head office staff
costs have been distributed to the airports us@ifjd figures as weights in order to ensure
comparability of individual airports and airportogps. Furthermore, all personnel costs
attributed to en-route air traffic control provisiat Avinor have been removed from the data
for purposes of comparability.

Other Operating Costs. Other operating costs include all costs requir@ddirport
operations, including materials and supplies, nemiance, rent, energy, hired assistants and
outsourcing. In the case of Avinor, ‘refundable tebgind ‘internal purchases’ have been
included in other operating costs, but en-routdraific control costs have been removed for
purposes of comparability. For the airports belaggio a group, the corresponding head
office operating costs have been distributed betvtBe airports according to traffic figures
for purposes of comparability in a similar manretttat of staff cost&:

Declared Runway Capacity: Capital has been defined in terms of declared aynw
capacity which represents a value agreed uponmaimnultiple stakeholder setting that takes
into account the airport system configuration. example, some airports consist of a
reasonably large number of runways, however, fasoas of weather and/or geographical

layout, only a smaller portion may be in use at giwen time. This figure represents the

81 The head-office costs of airports in Greenlandtfierwhole period and Iceland for the period 200&@ere
not available for the analysiSince 2006lcelandic head-office personnel costs were disteithaccording to the
number of personnel employed at each airport, aklrcosts were distributed according to the nundje
computers and relevant equipment utilized at eaalod and other costs were distributed accordinthé total
costs at each airport.
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maximum number of aircraft movements that can bedlea within one hour and accounts
for various constraints with respect to runwaysroap and terminal gates as well as
environmental constraints. Consequently, this fgeaptures a wide range of airport capacity
components and is a good proxy for capital (Adteale2013). Airport managers have limited
influence over declared runway capacity in the sham, hence the variable is defined as a
non-discretionary input, which is not reduced ia gath towards the efficient frontier.

Total Runway Length: Smaller airports that are not slot constrainechadibundertake
a process that arrives at a maximum runway capéigilye, hence the value of capital has
been approximated by the total runway length ferdimall airport sample. Past research, such
as the ATRS airport benchmarking project (Oum and 2004), count the number of
runways. After choosing to collect data on runwerygtth, terminal area and total airport area,
we discovered that this data is not publicly avdédafor the majority of small airports hence
we utilize runway length which is obtainable thrbughe Eurocontrol Aeronautical
Information Publication reports and other publiciees. As with declared runway capacity
for the large airport datasets, total runway lengtkefined as a non-discretionary input for
the small airport dataset because it is considasdae a long run variable over which the
airport management has very limited corffroThis restricts the comparator airports to those
with the same length of runway or less.

3.2.2.2. QOutputs
Non-aviation Revenues:. Commercial revenues include all revenues not eafireen

passenger and landing fees that are generally edefass aeronautical revenues. Some
adjustments have been necessary in order to ercsumgparability across airports. For
example, ltalian and French airport subsidies amonted in the accounts under ‘other’
revenues, which were removed because the anabgisds on operational efficiency. For the
same reason, all financial related revenues haea leéiminated too. On the other hand,
revenues from ground handling services have bednded in non-aviation revenues if the
airport provides these services. Consequentlypesphat produce ground-handling in-house
have higher labor costs and commercial revenu@setlthat outsource the activity have
higher other costs and commercial revenues whehese that permit third party suppliers

(generally the airlines or separate third partydtigs companies) to provide the service have

8 The most important factors affecting the size odraift that can be served as a function of runveagth

include theweight of the aircraft and the settings of its lift- alad-increasing devicestage lengthof the flight;
weather, particularly temperature and surface wind; airpmzation, notably airport elevation and the presence
of any physical obstacles in the general vicinityhe runway andunway characteristics, such as slope and
runway surface condition (De Neufville and Odori03).
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at most small concession rents that have been dedluin the commercial revenue
computation.

Among the four outputs, non-aviation revenue isdhby discretionary variable. The
remaining three outputs, namely the number of pagess, air traffic movements and cargo,
are defined asiternalnon-discretionary variables because the airporiagars have limited
control since they represent airline related densior are a function of the Ministry of
Transport’s public service obligations.

Total Passengers: The total number of annual passengers serveddimguarrivals,
departures, transfer and transit.

Commercial Air Traffic Movements: This variable captures the number of aircraft

served annually excluding general aviation, my§itand other civil aviation flights.

Total Cargo: This variable includes freight and mail in tonsvee by the airport

annually.
Country Number_of S(tiiﬁN%)Ets Ozirgelr\l(cl)?(sts C:spslt:tl ggce?]\lljlggo(?n Passengers Air Traffic Cargo
Airports Observations 2010 values) 2010 values) (runway NOK 2010 Movements  (tons)
capacity) VEES)
Austria 2 16 1,122,717,716 671,225,433 43 1,450,215,199 8,855,586 125,768 94,226
Belgium 1 8 643,811,740 1,388,374,070 72 1,372,175,350 16,419,769 253,054 640,590
Denmark 2 16 577,015,393 358,088,138 58 850,664,685 10,894,071 154,585 202,056
Estonia 1 8 84,767,386 100,975,991 20 124,638,257 1,267,179 25,873 15,067
France 3 24 210,540,745 415,392,224 44 497,178,383 5,614,830 93,490 41,388
Germany 12 96 682,741,234 938,440,301 40 1,280,363,081 7,739,064 106,883 95,325
Italy 11 88 155,958,575 235,393,336 20 275,779,952 3,645,856 43,916 21,467
Norway 5 40 121,335,189 317,584,683 33 455,673,141 5,604,307 77,237 20,523
Switzerland 2 16 677,748,352 881,285,199 53 1,118,681,389 14,452,204 195,174 221,955
United Kingdom 17 136 496,980,158 944,838,211 37 1,263,473,953 12,282,352 116,102 136,406
Total/Average 56 448 447,838,251 679,598,350 36 928,264,833 8,441,605 100,644 100,319
Table 3.2.2a. Large Airport Data Averages

Country Number Number of Staff Costs  Other Costs  Capital  Non-aviation Passengers Air Traffic Cargo

of Observations (in NOK (in NOK Asset Revenues (in Movements  (tons)
Airports 2010 values) 2010 values) (runway NOK 2010
length values)
Austria 1 9 89,177,129 77,483,825 2,740 153,426,633 917,184 18,294 7,967
Avinor 41 369 13,165,765 21,131,954 1,436 7,022,676 205,986 5,883 491
France 22 176 31,321,813 40,582,670 2,949 40,018,093 493,531 7,911 1,597
Germany 2 18 52,754,924 50,136,887 2,478 57,427,164 468,164 12,237 1,921
Greenland 4 30 12,285,518 12,838,875 1,565 12,612,859 122,273 6,757 1,690
HIAL 10 90 19,335,157 20,708,435 2,388 2,917,677 107,211 5,828 692
Iceland 11 99 3,770,860 3,378,835 1,658 317,726 74,401 3,797 260
Italy 5 40 40,766,487 62,700,745 2,658 57,812,910 757,502 8,630 1,350
Slovenia 1 9 146,141,828 100,260,861 3,300 224,202,071 1,268,468 27,596 12,052
United Kingdom 5 45 62,449,526 83,467,495 2,090 94,262,645 533,133 10,665 3,583
Total/Average 102 885 23,420,479 30,533,376 2,005 25,185,060 300,500 6,921 1,165

Table 3.2.2b: Small Airport Data Averdges
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3.3.Data Envelopment Analysis Model

Data Envelopment Analysis (DEA) was originally dieyed by Charnes, Cooper and
Rhodes (1978) in which they show how to solve thebrfeu (1951) and Farrell (1957)
technical efficiency measure using linear prograngniThe efficiency measure computes a
relative score in the form of a ratio of a weighseon of outputs divided by a weighted sum
of inputs. DEA is a productivity measurement teguei that determines both the relative
efficiency of a number of decision-making units (D) and the targets for their
improvement. DMUs can be any form of organization department that performs
fundamentally the same task with a similar set afiables (inputs and outputs). These
variables can be of a financial (e.g. revenuesyastructure (e.g. runway capacity) or
quantitative nature (e.g. number of customers). cohntrast to parametric statistical
approaches, DEA measures the relative efficiendgMfJs with multiple inputs and outputs
and assumes neither a specific functional fornterproduction function nor the inefficiency
distribution. DEA is an extreme point empirical imat and compares each inefficient DMU
only with the best DMUs in the sample (benchmarkgposing their individual weaknesses
without attaching subjective a-priori weights omiahles.

In this analysis, a bound adjusted measure ofieffay (BAM) has been applied
(Cooper et al. 2011). BAM is a non-oriented, ad@itDEA model that considers input
reductions and output augmentations simultaneoligbuts and outputs are partitioned into
subsets of discretionary and nondiscretionary &g Nondiscretionary variables are
assumed to be beyond the control of the airportaganin the short run or are exogenously
restricted (Banker and Morey 1986). Since infororathbout the optimal change with respect
to nondiscretionary variables is not meaningfulnfr@n airport manager’'s perspective,
nondiscretionary variables are not included indfigiency score calculation. However, they
are taken into account in determining efficiengés for inefficient DMUs in the same way
as discretionary variables: efficient targets stiaitde no more inputs in order to produce at
least the same amount of outputs as the ineffididvitys (Charnes et al. 1998). In other
words, small airports will only be compared withipairts suffering from the same runway
restrictions. Efficient targets define the frontisurface, which is expressed as a convex
combination of the inputs and outputs of the rafeeeefficient DMUs. The benchmarks draw
from the efficient DMU set and usually have similaroduction characteristics to their
inefficient counterparts. A DMU is deemed relatywelfficient if, and only if, there are no

output shortfalls or resource wastages with respecthe discretionary variables at the
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optimal solution. The DEA model also computes taeel of slacks in the discretionary
variables for the inefficient units. The valuestbé slacks identify the source and level of
inefficiency in the corresponding inputs and ouspogr DMU. The efficiency score combines
all sources of inefficiency which are additivelygaggated, therefore the model is frequently
called the "additive" model (Charnes et al. (1983))e additive BAM efficiency score is
restricted to lie between 0 and 1, where 1 idexttifielative efficiency. Individual weights in
the efficiency score function ensure that all disonary variables are weighted according to
their relative importance to the specific DMU. Thradative weights depend on the ranges
from their current value to the ideal point as nuead from the minimum input or maximum
output within the sample. If a variable is locatad from the ideal point, then this variable
will be less important in the efficiency score cdétion for the specific DMU according to
the BAM modeling approach. This assumption is cstesit with the general DEA principle in
which each DMU is viewed in as positive a lightgsssible, given the restriction that no
other DMU with the same weights is more than 10@¢ efficient.

A constant returns to scale assumption means lieaptoducers are able to linearly
scale the inputs and outputs without increasingdecreasing efficiency. Drawing on
discussions with airport managers and based oadhgemic literature, we assume a variable
returns to scale (VRS) model is the most approptiaimeasure airport efficiency (Adler et al
2011). For example, larger airports that provide itifrastructure for airport cities including
shopping malls, hotels and other commercial a@witmay have relatively greater
opportunities to collect revenues than their smatleunterparts. In addition, the VRS
assumption ensures translation invariance, pengittero or negative values in the analysis,
which is relevant because some airports do notlearatgo for example (Lovell and Pastor
(1995)). The BAM model is also units invariant whics important because costs and
revenues are measured in millions of NOK curreatigl were they to be translated into euros,
the results would remain the same due to this ptppe

Finally, we have computed a Malmquist index whittbves us to analyse productivity
changes between two selected periods per airpovided we have a balanced panel dataset.
The Malmquist index compares two within-period fiers and a meta-frontier that envelops
the pooled panel data over the entire timeframens€quently, it is possible to separate the
overall productivity shift over time into two commpents: one measuring the efficiency
change for a specific airport (its location witlspect to the relevant efficient frontier) and the
other measuring the frontier shift which identifiemy technological changes for the

benchmark units over time. The within-period-etfiity measures the distance from the
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DMU to the frontier of the observed period. Thehtealogical gap measures the distance
between two within-period frontiers, given the itjowtput mix of the relevant DMU. For
purposes of consistency, we use the same ideat puar time (Portela and Thanassoulis
(2010). For the small airport dataset, which isalabced, we apply a second stage regression

analysis with time dummy variables in order to captthe changes in the frontier over time.

3.4.Results

3.4.1. Initial Exploratory Data Analysis

The correlations across variables demonstrate thlaitionships, as shown in
Tables 3.4.1a and b.

Staff Other Declared Non- Total ATM Cargo
Costs Operating Runway aviation Passengers
Costs Capacity Revenues
Staff Costs 1.00
Other Operating Costs 0.90 1.00
Declared Runway Capacity 0.76 0.69 1.00
Commercial revenue 0.93 0.97 0.74 1.00
Total Passengers 0.85 0.91 0.78 0.94 1.00
ATM 0.87 0.84 0.91 0.88 0.93 1.00
Cargo 0.67 0.76 0.67 0.77 0.79 0.75 1.00

Table 3.4.1a. Large Airport Dataset Correlations across Variables.

Other Total

Cows  Operating  Runway  CORRESL O ATM Cargo
Costs Length
Staff Costs 1.00
Other Operating Costs 0.74 1.00
Total Runway Length 0.45 0.50 1.00
Commercial revenue 0.84 0.77 0.45 1.00
Total Passengers 0.77 0.85 0.52 0.74 1.00
ATM 0.66 0.72 0.44 0.60 0.84 1.00
Cargo 0.63 0.51 0.30 0.66 0.57 0.58 1.00

Table 3.4.1b. Small Airport Dataset Correlations across Variables.

We expect relatively high correlation between ispahd separately between outputs
as has been demonstrated in Tables 3.4.1a andrlexBmple, it would be reasonable to
expect passenger numbers and air traffic moventeris highly correlated and they lie in the
region of 0.93 in the large airport dataset and! GrBthe small airport dataset. The lowest
correlations are connected to the cargo variablelwis also reasonable because most costs
directly related to the handling of cargo are oigeah by third party logistic suppliers rather
than the airport directly. Furthermore, cargo iaagally handled at hub airports which in our
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dataset correspond to the large airports, CologmaBand Leipzig, which serve DHL and

UPS respectively and the small airport Rennes whalies UPS, TNT and Chronopost. We
also note that the higher levels of heterogeneithinthe small airport dataset have led to
lower levels of correlation between the variablesss the board. Finally, it is clear that the
declared capacity is a better proxy for airporedizan the runway length due to the higher
correlation with respect to the other inputs, hence choice to use this variable when
possible.

The results of the DEA for the large and small @itp are discussed in two separate
sections. In each section we analyze the resultiseoDEA model in terms of efficiency and
benchmarking and then we discuss general trends towe. In section 3.5 we discuss
benchmarking of the small airport dataset afteassgpg the set into sub-groups due to the

heterogeneity of the production process as compartt large airport dataset.

3.4.2. Large Airports
The four large Avinor airports (OSL, BGO, SVG anRD) are defined as relatively

efficient compared to 52 large European airportsedaon an annual BAM-Malmquist
analysis over the time period. The complete resoltsthe analysis are presented in
Appendix J. In order to present the results graglyicwe utilize co-plot, a multi-dimensional
statistical approach that reduces the observator®/o dimensions based on a correlation,
small space analysis (Adler et al. 2007, Adler &aveh 2008). The first plot is based on
partial productivity measures with each arrow cgpmnding to the ratio of one output
(commercial revenues, air traffic movement, passengnd cargo) divided by one input (staff
costs, other costs and declared capacity). Thendegalot, which is superimposed on the first,
locates similar observations together and diversservations far from each other. In
Fig. 3.4.1, the light-colored (yellow) points repeat Avinor airports (all are DEA efficient
except for SVG in 2006), the dark (blue) pointsrespnt the other DEA efficient airports and
the grey (red) points represent DEA inefficienpaits. The co-plot identifies the fact that all
the Norwegian airports lie on the south-west secitd the relative efficient frontier in
Fig. 3.4.1 due to relatively low staff and otherstsobut also comparatively low runway
utilization and commercial revenues. Oslo airpsrituated further to the right than the other
large Avinor airports due to relatively higher l&/ef non-aeronautical revenues and higher
runway utilization than the other large Avinor ars in the dataset. The other efficient

European airports, such as Copenhagen (CPH), leedifierent area of the Pareto frontier to
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the right of the plot, suggesting that they achieffeciency through higher utilization of the
airport facilities.
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Figure 3.4.1. Large Airport Benchmarking Plot.

We also utilize co-plot in Fig. 3.4.2 in order tcaenine the changes in efficiency over
time. Fig. 3.4.2 is a magnified snapshot of Fig. Bwith three additional arrows showing the
movement of BGO, SVG and TRD for the years betw2@d? and 2009. We note that the
higher the observations with respect to the rdys,more positive the airports appear with
respect to their relevant ratios. As the threevesrehow, there is a stable movement towards
the center for the three large Avinor airports, abhillustrates deterioration in productivity
from 2002 to 2009. It should be noted that Oslowsh@ more mixed trend because the
additional non-aeronautical revenue achieved asualtrof the change in the regulation with
regard to duty-free sales in 2005 helped the difmoimprove its position. The subsequent,
continual increase in costs has led to a retraetr@hinwards movement in 2009.
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Figure 3.4.2. Large Airport Plot showing Trend.

The Malmquist index, in conjunction with the DEAyraputes productivity changes as
a multiple of two components: technological frontghifts and efficiency shifts. While
technological change demonstrates frontier movesndefined by the benchmark DMUs, the
efficiency change describes the distance of eactudm the frontier. Table 3.4.2 presents
the technological, efficiency and productivity clgaa from 2002 to 2009 at the country level.
The values are calculated as the averages of chdiVairports in each country. While a value
greater than 1 shows an improvement, a value hess 1 illustrates deterioration from the

frontier.

Country Number of Airports Average Average Efficiency Average Productivity
in Sample Technological Change 2002-2009 Change 2002-2009
Change 2002-2009
United Kingdom 17 0.90 1.19 1.04
Germany 12 0.92 1.05 0.96
Denmark 2 0.97 0.99 0.95
Italy 11 0.89 1.06 0.93
Estonia 1 0.92 1.00 0.92
Switzerland 2 0.91 1.00 0.91
Austria 2 0.94 0.94 0.87
Norway 5 0.86 1.00 0.86
France 3 0.84 1.00 0.83
Belgium 1 0.83 1.00 0.83
Average 0.90 1.08 0.95

Table 3.4.2. Large Airport Changes over Time.
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The results show that the Norwegian airports (tw farge Avinor airports and Torp)
suffer from an average 14% technological detenionadver time and, as a result, an average
14% productivity deterioration which is worse thtae average 5% deterioration compared to
the average of the sample. Most airports in thas#dthave suffered from a frontier retraction
over time possibly due in part to the increasedisgccosts imposed on the airports as a
result of the European Union Security Directive2@2002 which was replaced by 300/2008.

3.4.3. Small Airports
Fig. 3.4.3 presents the small airport dataset, kvbhansists of 102 airports in 2009 of

which 41 belong to Avinor. The Avinor airports (el points) are mostly located in a cluster
to the lower right of the plot that is envelopeddmyne of the Icelandic airports (white points)
lying to the north east that define the relevanttipn of the efficient frontier. Relatively,
Avinor and Isavia airports enjoy reasonably lowffstéand other costs but also suffer from
comparatively low utilization and non-aeronauticatenues. Consequently, unlike the large
airports, the majority of small Avinor airports am®t deemed relatively efficient. Bodg
(BOO), Hammerfest (HFT), MoiRana (MQN) and Trom3g®§) are consistently efficient
throughout the years as well as Rgst (RET) and &q¥DS) which are also relatively
important benchmarks for other Avinor airports withtheir corresponding sets. The
important non-Avinor benchmark airports include tleelandic airports of Gjogur (GJR),
Grimsey (GRY), Thorshofn (THO), Vestmannaeyjar (JE&hd Vopnafjordur (VPN). This
set of airports achieves higher runway utilizatiand lower costs than their Avinor
counterparts, given their short runway (STOL aitpprHowever, we also note that the

Icelandic airports have lower costs in part duth&low security costs on domestic flights.
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Figure 3.4.3. Small Airport Benchmarking Plot, 2009.
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In Fig. 3.4.4 we present efficiency trends for eaohntry or group of airports on an
annual basis. The small Norwegian airports shovearly decreasing trend in their efficiency
estimates over time, particularly in the period top2005 after which the decline is more
gradual. Similar patterns in efficiency can be obseé for Greenland, Germany and France.
Greenland airports’ efficiency estimates are faishatic and clearly envelope the other
airports as does Iceland. The Scottish HIAL airpgroup remains highly inefficient
throughout the timeframe. UK airports appear togbed benchmarks for the HIAL airport
system. Whilst the UK and lItalian airports show Kritactuations in efficiency, the Icelandic
airports have slightly decreased efficiency towatdds end of the observed period. In
summation, the Icelandic and Greenland airportseure the highest relatively efficient
performance overall although most of the small aip show decreasing efficiency levels

over time.

i (Sre enland

=i | c o] and

=il MNorway

—p—France

Italy

——

0.5 == Gar many

——HIAL

0.4

2002 2003 2004 2005 2006 2007 2008 2009 2010

Figure 3.4.4. Small Airport Efficiency Averages over Time.

3.5.Environmental Variables

In this section we analyze the impact of additioraiables that may explain the DEA
efficiency estimates computed in the first stage¢hef analysis. The environmental variables
include the average aircraft size, percentage oérnational passengers served and
commercial revenues as a share of total revenues (@d Yu 2003), ground-handling or
fuel sales undertaken in-house (Adler et al. 20a8ports belonging to a publicly owned

system, the profits (losses) of the airport befta®es, depreciation and amortization
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(EBITDA), STOL® runway infrastructure and dual military and ciadliairports. In addition

to these variables, year dummies have been includearder to capture the efficiency
changes over time. An unbalanced dataset capttirengears 2002 to 2010 has been analyzed
and separate regressions have been included fdargpe and small datasets. 2002 was used
as the base year in all analyses.

Table 3.5.1 presents the results of an ordinargtlsguare (Banker and Natarajan
2008) and truncated regression (Simar and Wilsd@vp@xplaining the logged DEA results
as the dependent variable. The truncated regresssnchosen to take into account the fact
that the DEA scores lie between 0 and 1 by definiaind for purposes of sensitivity analysis.
Under truncated regression, the efficient DMUs r@m®moved from the analysis and despite
these differences, both regressions arrive at wamjlar results. We also note that the
percentage of international passengers servedaammautical revenue shares and EBITDA
were logged, hence their coefficients are integutets elasticities, i.e. the percentage change
in the dependent variable were the independentlarito increase by one percent. The

remaining variables are in the form of dummies.

Large Airports Small Airports
oLS Truncated oLS Truncated
Coef. t Coef. z Coef. t Coef. 1z
Average aircraft size 0.050 2.09 0.072 2.53 - - - -
Share of Non Aeronautical Revenue 0.168 4.88 0.206 5.49 | 0.140 2.63 0.138  2.79
Share of International Traffic 0.019 1.32 0.073 3.88 | 0.026 5.19 0.021 4.68
Ground handling or fuel sales in-house | -0.167 -12.31 -0.191 -10.87 | -0.096 -8.19 -0.099 -9.15
EBITDA - - - - 0.063 5.44 0.051 4.98
Belongs to airport system - - - -| -0.081 -3.21 -0.114 -4.93
STOL Airport - - - - 0.203 8.84 0.153 7.25
Military involvement - - - - 0.078 2.58 0.041 1.42
d2003 -0.021 -0.71 0.010 0.28 | -0.066 -2.05 -0.041 -1.32
d2004 -0.005 -0.15 0.020 0.55 | -0.107 -3.35 -0.067 -2.17
d2005 -0.006 -0.21 0.041 1.16 | -0.132 -4.15 -0.104 -3.38
d2006 0.004 0.13 0.029 0.79 | -0.132 -4.15 -0.094 -3.05
d2007 -0.008 -0.25 0.047 1.30 | -0.134 -4.22 -0.113 -3.66
d2008 -0.020 -0.67 0.021 0.59 | -0.163 -5.13 -0.136 -4.44
d2009 -0.091 -3.00 -0.049 -1.42 | -0.184 -5.75 -0.126 -4.15
d2010 -0.057 -1.73  -0.028 -0.71 | -0.200 -5.76 -0.162 -4.89
Constant -0.187 -1.65 -0.254 -1.92 | -1.413 -6.43 -1.223 -6.37

Table 3.5.1. Second Stage Regression Results.
For the large airport dataset, the results predeintdable 3.5.1 clearly identify that

the larger the average aircraft size, the higherRDEA efficiency estimate, which confirms

¥ sToL runway infrastructure is reffered to the runways no longer than 1200 meters.
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previous findings (Adler et al. 2013). In additioairports earning the majority of their
revenues from commercial sources receive moreipesfficiency estimates. This includes
OSL for whom commercial revenues comprise 60% efaverall revenu&d The percentage
of international passengers served proved to by both regressions but insignificant
in the OLS whereas significant in the truncatedesgjon, possibly indicating that the higher
the international passenger traffic, the higher dlgy-free sales which impacts the non-
aeronautical revenues. We also demonstrate thairesrundertaking ground handling or fuel
sales in-house are approximately 17% to 19% lefsserit than those that outsource these
activities. It would be reasonable to draw the dasion that outsourcing is preferable from a
managerial perspective. The yearly dummy variablesyv a gradual reduction in efficiency
although none are significant except for the OL@ession in 2009.

The results of the regression for the small airpataset show similar patterns in that
airports undertaking ground handling or fuel satebouse are 10% less efficient than those
that outsource these activities. Furthermore, ssirgy shares of non-aeronautical revenues
and international traffic contribute to higher eiffincy scores. Airport efficiency elasticity to
changes in profitability (EBITDA) is also positives expected. The dummy for dual use
military and civilian airports show that such airgso appear to be 8% more efficient
relatively, despite the removal of all military mewents from the ATM variable, suggesting
that these airports enjoy lower staff and othettscas a result of military staff availability.
The impact of dual use airports remains positivetha truncated regression but is not
significant. Under the truncated regression, effitiDMUs are removed from the analysis
which in turn removed most of the dual use civilrailitary airports, hence the loss in
significance. The consistent, increasing declinefficiency over time is clearly significant
for the small airport dataset. Moreover, it is cléwt belonging to an airport system such as
Avinor and HIAL reduces average efficiency by atistecally significant 8% to 11%. This
suggests that airports run locally would appeahdwe a higher probability of achieving a
more relatively efficient outcome. Finally, the ST @estricted airports are 15% to 20% more
efficient suggesting that the shorter runways redtice costs of clearing snow and

maintaining the asphalt that the longer runwaysiireq

3.6.Benchmarking Small Airports

According to the regression analyses presentealnteT3.5.1, we find strong evidence

that exogenous factors impact the efficiency fremtas a result of differences in the

8 Bergen earns 40% of their revenues from the comiaieside of the airport business, Stavanger e4486
and Trondheim earns 39% of their revenues fronttimemercial side in 2010.
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production functions between STOL and other aiggoground handling or fuel sales in-
house versus outsourcing these activities and ukeimilitary-civilian versus purely civilian
airports. In order to find relevant benchmarks tfog small Norwegian airports, we separate
the dataset into more homogeneous sets accorditigetexogenous factors from an airport
management perspective. In addition, we accountttier geographical environment of
Norway: sparse density, arctic climate, mountairteasin and long coastline.
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Figure 3.6.1. Small Airports Climate Conditions, 2002-2010.5>

In countries such as Norway, Iceland and Greenlamiihe access to remote areas is
critical because road provision is often problemdtiring the winter season. Due to a lack of
a publicly available remoteness or climate indeg,asllected data on the percentage of solid
water precipitation such as hail, snow, ice and #&verage temperature as proxies for
similarity in climate environment, as shown in F&6.1. Consequently, the French, Italian
and part of the German and UK airports were omifteth the benchmark analysis. Due to
the growing cost inefficiency over time, as demoatstd by the significance of the time
dummies in the regression analyses, each subsduvtiasr split into two time periods; 2002-
2005 and 2006-2010. In summation, Table 3.6.1 pissthe conservative estimated cost
savings and non-aeronautical revenue shortfallis Akianor could have achieved per subset

were the airports to lie on their respective Pafetotiers.

& http://www.wunderground.com/
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Potential Reduction Potential Increase

in Staff Costs in Other Operating in Non-Aeronautical
Costs Revenues

2002 | 24,277,717  14% 10,491,164  16% 2,346,379  13%
2003 | 24,883,572 14% 44,994,574  40% 4,421,856  21%
Group 1: 2004 | 31,445,506 17% 96,944,991  54% 7,473,777  39%
sToL 2005 | 54,746,382 25% 135,237,511  59% 9,086,560  44%
airports 2006 44,894,727  20% 38,819,949  18% 6,414,701 33%
25 Avinor 2007 | 60,366,001  24% 47,453,149 20% 11,016,828  60%
airports 2008 | 75,733,015 27% 58,665,298  22% 9,263,500  31%
2009 | 78,455,340 27% 83,733,097 28% 16,542,169  60%
2010 | 68,947,562  23% 71,013,441  24% 11,760,203  36%
Total | 463,749,824 22% 587,353,173 31% 78,325,974  38%
2002 | 33,490,528 22% 11,337,747  12% 2,623,041 3%
2003 | 43,382,837 27% 76,096,617  40% 6,973,686 8%
Group 2 : 2004 | 43,975,324 25% 153,292,519  46% 6,752,031 6%
non-STOL 2005 | 39,753,152 20% 116,993,964  35% 8,460,132 6%
with 2006 | 41,142,216  19% 56,170,594  14% 12,617,313 7%
outsourced
CH&F 2007 | 63,195,828  24% 84,327,321  17% 22,315,150  11%
2008 | 57,221,638 22% 68,660,014  13% 20,033,104 9%
9 Avinor 2009 | 67,845,189 25% 100,166,027 18% 22,959,725 9%
irport
airports 2010 | 52,405,157 19% 91,516,110 16% 20,250,273 7%
Total | 442,411,868 22% 758,560,912  22% 122,984,454 8%
2002 0 0% 0 0% 0 0%
2003 762,292 2% 4,184,680 13% 0 0%
Group 3 : 2004 712,348 2% 1,492,646 3% 0 0%
non-STOL 2005 2,079,308 6% 3,326,201 5% 0 0%
with GH&F 2006 1,744,526 4% 15,720,922  20% 0 0%
in-house
2007 4,611,487 10% 19,808,768  26% 0 0%
3 Avinor 2008 5965333 12% 26,027,791  30% 0 0%
airports 2009 8,522,215  16% 25,615,873  30% 0 0%
2010 8,756,744  16% 30,664,841  33% 390,694 1%
Total | 33,154,254 9% 126,841,721  21% 390,694  0,1%
Grand Total 939,315,946 21% 1,472,755,806 25% 201,701,122  10%

Table 3.6.1. Potential Savings and Revenues at Local Avinor Airports.

Appendix J provides greater details on a per airdgmasis including relevant
benchmarks, ordered according to their importaraddel 3.6.1 presents the potential savings
with respect to staff and other operating costswal as the potential increases in non-

aeronautical revenues for 37 Avinor airports far flears between 2002 and 2010, presented
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separately for the 3 groups analysed. None of thee dual military civilian airports are
benchmarked due to a lack of comparators.

Group 1 includes the STOL airports, all of whichsmurce ground handling and/or
fuel sales activities. Group 2 consists of nhon-STarports which outsource ground handling
and/or fuel sales activities and Group 3 focusethemon-STOL airports that provide ground
handling and/or fuel sales in-house.

It should be noted that an artefact of DEA is tthet number of DMUs needs to be
sufficiently larger than the number of variablegsheswise the efficiency estimates are
generally high. Among our subsets, group 3 is ingdft small, hence the potential percentage
savings calculated for this group appears to bestavan those of the other groups, which
may be explained partially by the lack of relevaomparators. The summary statistics
suggest that the local and regional Avinor non dis& airports could have saved a
conservative 2.6 billion NOK over the 9 years stadihrough a reduction in costs of at least
20%. We would also suggest that were the STOL esgo behave in a more entrepreneurial
manner, non-aeronautical revenues could have isedely 78 million NOK over the 9 years
studied, suggesting the potential for an increds888&o over their current values, and the

busier non-STOL airports could have achieved 8%drigevenue?®

3.7.Conclusions

The large Norwegian Avinor airports (Oslo, Berg&tavanger and Trondheim) are
efficient with respect to their own section of tRareto frontier but have suffered from a
technological frontier retraction caused by risiogsts beyond those of their comparator
airports. Based on discussions with Avinor manageraed the results of the model, it would
appear that some of the cost drivers over thedestide include additional safety and security
regulations both at the European Union and Statelde Furthermore, the negative trend in
the large airport dataset is significant in 2009icvhsuggests that the airports may have
endured difficulties matching supply with the dovares demand trend caused by the global
economic downturn beginning in 2008. Norway’s fientshift is in line with Austria,
Switzerland and Belgium but Denmark has better medahe cost increases and would

appear to be a good benchmark from this perspective

* 1t should be noted that the proposed cost saviagthbse airports which utilize Rast or Rervik,dted in a
relatively milder climate zone, as benchmarks &poads to approximately 5% of the total reductiérihe
entire group. Hence, there remains a large poterg@uction even were we to disregard the withirmiy
climate differences.
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We note that the large airports in Norway enjoyelative competitive advantage for
sales over their European counterparts. Since Bi®6were also allowed to introduce duty
free purchase on arrival and could increase the fdleé alcohol limit. The change in the law
resulted in an approximate addition of around 300-Blillion NOK p.a®".

The majority of small Avinor airports are not eféint and the frontier retraction over
time is marked with identifiable potential cost veage of over 20%. The majority of local and
regional Avinor airports are not efficient as tHeybehind the Pareto frontier defined for the
most part by Icelandic and Greenland airports, @redlevel of cost wastage and revenue
shortfalls has been growing over the last decadse® on the regression analyses depicted in
Table 3.5.1, it could be argued that airport systame not an efficient ownership form given
a statistically significant reduction of approximigt 10% in productivity compared to their
locally owned counterparts.

It is clear that the cost incentives are curremiy strongly encouraging efficiency
possibly due to the budgeting process and formra$s=subsidization. It may be useful to
analyze the six consistently efficient Avinor airfgoas benchmarks for the annual budgeting
process of staff, outsourcing levels and other scolt each efficient airport acts as a
benchmark to their relevant cluster, improvementscast minimization and commercial
revenue maximization may be achieved. Furthermallefuel sales and ground-handling
activities remaining in-house should be outsoumbdre relevant because they contribute to
a further 10% reduction in productivity. Finallgrgets for the gradual reduction in the levels
of cross-subsidization may be achieved, althougthauld be recognized that the local and
regional airports serving less than 400,000 passerannually will likely require some level
of subsidies in order to break even, unless great@mercial revenues can be achieved.

Finally, we note that the Norwegian airports havesricted set of comparators in our
dataset because we have not been able to collectfrdan additional comparators such as
Finland and Sweden. This suggests that Avinor aspoay be less efficient than they appear
in our analysis, as suggested by the partial ptodtycmeasures presented in Chapter 1. In
general, all Norwegian airports suffer from low way utilization, which is a result of the
fact that Norway has many airports given the sizésopopulation. It may be reasonable to
consolidate some of these airports even given thtegped regional policy. As a result, we
would strongly urge the regular collection of datad an on-going benchmarking process in
order to encourage the airport management to stoivefficiency and possibly reverse the

frontier retraction that is characteristic of threypous decade.

8" Own calculation based on St.meld. nr. 48 (20089200m verksemda i Avinor AS.
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Chapter 4: Conclusions and Recommendations

The Norwegian airport system is a centralized systewhich the Avinor Group acts

as a public firm to deliver airport services to teamtral and rural regions. It is a system which

relies as much on commercial interests as on the/ento serve public goals and obligations.

It is a system in which the large airports crosssgiize regional and local airports.

This report was initiated by political concernsttAainor does not fulfill its goals in a

cost efficient manner. In the following we summarithe main results of the study and

discuss potential measures to improve the perfocenahNorwegian airports.

4.1.Airport Finance, Pricing and some performance aspects

Our analysis of the institutional and financialteys of the Norwegian airport system,

together with information collected from a largemher of European airports, has led us to

draw the following conclusions:

In our initial analysis we found that most of theadl Avinor airports have quite large
losses per passenger. Furthermore, the break ewenipterms of the annual number
of passengers apparently shifted over time, thgsinag more subsidies in recent
years. While in 2002 some airports were able talbreven serving a little over
200,000 passengers per annum, in 2010 this wasbfosmly at airports which

achieved an output of more than 800,000 passepge@num.

We find the same trend in our benchmarking sanmpésed on an analysis of 154
European airports serving up to 10 million passenger annum, we find that airport
operations have become more costly over the lastdde An econometric break-even
analysis shows that on average, about 400,000 mgesseannually were sufficient to
cover operational costs in terms of earnings bafuerest and tax (EBIT) in 2002 but
by 2009, about 800,000 passengers per year wengagdqThere is a large variance in
the dataset which indicates that airport managenoam impact the financial

performance at least to a certain degree, butthigt institutional environment also

matters.

Total operating costs at Avinor have increasegkal terms by over 100% from 2002
to 2010. Avinor airports had a cost advantage mparison to the dataset in 2002 but
this advantage dissipated by 2009. Taking thetutginal and financial aspects of the
Norwegian airport system into account, the regi@mal local airports will continue to

need subsidies.
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The amount of cross-subsidy at Avinor airports lgaswn. Cross-subsidies have
grown faster than the profits - about twofold iralréerms and threefold in nominal
terms. That is reflected in the development of thagnitude of cross-subsidies
represented by their share to total EBITDA whickerérom 20% in 2003 to a range of
30% to 40% during the last years.

Avinor AS owns 22 airports that served at least,000 passengers in 2010, out of
which 15 did not break even in terms of EBITDA (eags before interest, taxes,
depreciation and amortization). While in 2003 1éaits were commercially viable,
by 2010 only 7 airports in the Avinor system covketieeir costs in terms of EBITDA
values as shown in Fig. 1.2.6a.

The cross-subsidies that are financing the locdlragional airports are drawn mainly
from profits earned on commercial activities at thege airports. Oslo is the main
financial contributor, since its duty free revenpes passenger are two to three times
larger than at the other major airports, and onmaagee 10 times higher than at Avinor
regional airports. The growing importance of comera@mrevenues was mainly driven
by a rising number of international passengers whies doubled from 2002 to 2010,
as well as from more flexible regulations introddice@ 2006, such as duty-free
shopping at arrival. In real terms duty free revantripled over the period from 2002
to 2010.

The aviation charges at Oslo’s airport are lowercamparison to those at other
Scandinavian hubs and the majority of high-tratEigropean airports. Landing and
passenger charges are also lower at smaller Noaweajrports than at similar sized
UK airports that are also facing potential compatitfrom neighboring airports and
serving low cost carriers. Avinor airport charge® &et by the Department of
Transport and are constant across airports. Régmlatrport charges by setting the
same level and structure of charges across allgkairports is most likely inefficient

because the marginal costs differ across airports.

The growing number of loss-making airports is thasequence of rising costs, which
for most airports meant increasing personnel ardirgg costs. Overall operating
costs doubled from 2002 to 2010 for Avinor airpoR&rsonnel costs rose by 53%

over this time period, while security expenses bera new important expenditure
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item, due to the increasingly strict security regioins after the September 2001

terrorist attacks.

- In order to estimate Avinor’s cost efficiency, weeuwperating costs per passenger
excluding and including depreciation (Fig. 2.5.6a+W/hereas Avinor had some cost
advantage in 2002 when its costs were the lowesingnthe airports in the sample,
except for Iceland, this cost difference seemetawee vanished by 2009, especially

for the small airports. The large airports perfameil.

- However, one needs to understand not only the sidet but also how aviation and
commercial revenues developed and identify whather potential for reducing

required subsidies in the future.

- At Oslo airport, for example, commercial revenuesoanted for approximately 57%
of total operating revenues in 2010, achieving almwice as much per passenger
commercial revenues as other large Avinor airpo@sjo is the main financial
contributor to the Avinor system. However, despitavorable institutional
environment, the large Avinor airports do not oufqpen other European airports in
terms of commercial revenue generating capabiiyen the very attractive position
of Avinor airports in the duty-free business, ors®as to explore to what extent this
potential could be further exploit&d.

- Concerning aviation revenues, the combined landimd) passenger charges remained
constant in real terms since 2002. The chargessii &e lower in comparison to
competing hubs and most other European airfitats,that as a consequence,
aeronautical revenues per passenger of Avinor @gpappear low in European

context.

- Airport charges at loss-making Norwegian regiomal &cal airports are much lower
than those at small UK airports facing competitioom neighboring airports and
serving low cost carriers. This provides some ewigethat the revenues from charges

could be increased so that the subsidies couldveeréed.

- Avinor sets the same level and structure of clwmrgeross all airports,which is

inefficient because the marginal costs and the edegif congestion differ across

* However, due to the sensitivity of this topic, thisue could not be analyzed further in the study
8 This does not imply that lowering charges at Gstport could not increase revenues, which is aenaf the
elasticity of demand and the dual revenue source.
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airports. If one of the airports faces temporarypermanent excess demand, the
structure of airport charges should be changedrdieroto signal the scarcity of the
infrastructure. This would require different sturets and levels of charges across the

Norwegian airports.

4.2.Airport Overall Efficiency

Our DEA efficiency analysis of the Norwegian airpsystem derived the following
results:
- The Norwegian airport system was relatively efintian 2002 despite the size
drawback but this advantage had been lost quigdyticularly with respect to the

local and regional airports.

- The large Norwegian airports were benchmarked searate sample. They enjoy a
relative competitive advantage over their Europeamnterparts with respect to
commercial revenue opportunities. This advantadbree-fold: Norway is not within
the European Union which permits duty free salesltanternational passengers;
Norwegian tax rates on alcohol and tobacco aretaatisl, which increases the value
of duty-free products relative to the Norwegianhhgljreet; and a change in the duty-
free laws in 2006 permits the airports to sell éarguantities of duty free products per
passenger than other airports in Europe on bothooud and inbound flights. The

change in the law resulted in additional revende&&50-500 million NOK annually.

- The four large Avinor airports (OSL, BGO, SVG anBR0) are defined as relatively
efficient compared to 52 large European airportetan an annual data envelopment
analysi€®. However, there was a stable deterioration in pectdity from 2002 to
2009 for BGO, SVG and TRD. Oslo shows a more mixedd because the additional
non-aeronautical revenue earned as a result afitiege in the regulation with regard
to duty-free sales in 2006 helped the airport tprome its position. The subsequent,

continual increase in costs has led to a retraemhinwards movement by 2009

- We do temper these comments somewhat by notingrbat airports in the dataset
have suffered from a frontier retraction over tirdee in part to the increased security
costs imposed on the airports as a result of thegean Union Security Directives.

** The modelling approach is known as a Bounded Adilisteasure combined with a Malmquist analysis.
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Norway’s performance is in line with that of AustriSwitzerland and Belgium, but
Copenhagen airport has better managed the cogtases and is a good benchmark

for similar sized counterparts in this respéct.

- The small airport dataset used for benchmarkingsists of 102 airports below 2
milllion passengers p.a. in 2009 of which 41 beldngAvinor. Avinor and the
Icelandic airports (Isavia) enjoy reasonably loaffsand other costs, but also suffer

from relatively low utilization and non-aeronauticavenues.

- Unlike the large airports, the majority of small iAer airports are not deemed
relatively efficient. Of these Bodg, Hammerfest, M®ana and Tromsg have been
consistently efficient as well as Rgst and Vadduclvare also important benchmarks
among the Avinor airports. The remaining 35 logad aegional Avinor airports have
not been efficient and the level of productivitystdecreased over the last decade. The
non-Avinor benchmark airports include the Icelandigports of Gjogur, Grimsey,
Thorshofn, Vestmannaeyjar and Vopnafjordur. Thegeods achieve higher runway
utilization and lower costs than their Avinor coempiarts although it must be noted

that the Icelandic airports have lower securitysos domestic flights.

- The small Norwegian airports show a clearly dedrgpsrend in their efficiency
estimates over time, particularly in the periodtap2005 after which the decline is
more gradual. Similar patterns in efficiency canobserved for Greenland, Germany
and France. The Greenland airports partially sutaeénproving performance but by
2007, their efficiency estimates are fairly statlo. general, the Icelandic and
Greenland airports present the highest relativeffjcient performance overall

although most of the small airports show decreasffigiency levels over time.

- The Malmquist index, in conjunction with the DEAglps us to show the change of
efficiency over time as it computes productivityaolges as a multiple of two
components: technological frontier shifts and &ficy shifts. Table 3.4.2 above
showed the technological, efficiency and produttighanges from 2002 to 2009 at
the country level. Norwegian airports (the fougrAvinor airports and Torp) suffer
from an average 14% technological deterioratiorr timee and, as a result, an average

14% productivity deterioration which is below thé&b5deterioration achieved on

%1 See Table J1: DEA Results for Large Airport Datasé\ppendix J.
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average in the sample. Most airports in the dathagt suffered from a frontier
retraction over time.

We analyze the impact of additional variables timaty explain the DEA efficiency
estimates computed in the first stage of the amaigsTable 3.5.1. The environmental
variables include the average aircraft size, pdagen of international passengers
served and commercial revenues as a share ofréhues, ground-handling or fuel
sales undertaken in-house, airports belonging pakdicly owned system, the profits
(losses) of the airport before taxes, depreciaéind amortization (EBITDA), STOL

runway infrastructure and dual military and ciwlliairports.

For the large airport dataset, the results clembntify that the larger the average
aircraft size, share of non-aeronautical revenuelsshare of international traffic, the

higher the DEA efficiency estimate.

Airports undertaking ground handling or fuel salefiouse are approximately 17% to
19% less efficient than those that outsource thesgities. It would be reasonable to

draw the conclusion that outsourcing is preferdtden a managerial perspective.

The consistent, increasing decline in efficiencgrotime is clearly significant for the
small airport dataset. Moreover, it is clear thalibhging to an airport system such as
Avinor and HIAL reduces average efficiency by distecally significant 8% to 11%.
This suggests that airports run locally would apgeahave a higher probability of
achieving a more efficient outcome. Finally, theC&Trestricted airports are 15% to
20% more efficient suggesting that the shorter aysweduce the costs of clearing
snow and maintaining the asphalt that the longeways require.

We used the estimated efficiency differences torétatively efficient airports on the
frontier to compute potential savings with resgecstaff and other operating costs, as
well as the potential increases in non-aeronautieaenues for the 42 local and
regional Avinor airports. We therefore separatesl dataset into more homogeneous
sets according to the exogenous factors (such asthareconditions, being a STOL
airport, outsourcing the ground handling servicad &uel sales) from an airport
management perspective. In addition, we accounthigeographical environment of
Norway by restricting the potential comparators thmse with similar or higher

percentage of snow / solid water precipitation.tik@nrmore, due to the growing cost
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inefficiency over time, each subset was furtheit $plo two time periods: 2002-2005
and 2006-2010.

- The summary statistics in Table 3.6.1 suggest fsognit efficiency savings compared
to airports on the efficiency frontier. Local arebional Avinor non dual-use airports
could have saved a conservative 2.5 billion NOKrdahe 9 years studied through a
reduction in costs of at least 20%. Non-aeronautegenues could have increased by
200 million NOK over the 9 years studied, sugge&stime potential for an increase of
38% over their current values, and the busier nb@{Sairports could have achieved

8% higher revenues.

- The efficiency analysis could be further improveg Incorporating natural
comparators such as Finland and Sweden. We wersungessful in obtaining the
relevant data for either country, notwithstandihg help of the Norwegian Ministry
of Transport. We cannot therefore rule out the jbdgg that Avinor airports may be

less efficient than appears in the current analysis

- We also note, as did Carney and Mew (2004), thatchmaarking should be
undertaken on a continuous basis e.g. internalsyiakdbenchmarking, in order to

ensure unremitting improvement.

4.3.Potential Measures to Improve Efficiency
As inefficiency is caused by a large variety oftéas, there is no single instrument or

measure which could improve the performance of Ngian airports. All instruments should
aim at increasing the efficiency of regional andaloairports as well as preventing the large
airports from becoming inefficient. It should hovee\bestressed that these instruments need
to be evaluated by further research and that theg ko be combined in a comprehensive and
well-designed reform program. The key point of sagbrogram is setting incentives without
distorting the fact that the airport infrastructusenefits the general public and all other
stakeholders in the system.

First it is necessary to change the incentive ays& local airports to increase
efficiency. Local airports are like a free gift tioe local community. As lower efficiency is
currently compensated by higher subsidies fromalge airports, it is tempting to abuse the
system. However, some local communities have olsWyonot abused the system and their
airports seem relatively efficiently managed. Néweless, it is necessary to design incentives

to increase efficiency and to prevent the abudbetystem. This can be achieved by limiting
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the amount of subsidies over a certain period metifor example over 5 years) whilst
permitting the local and regional airports to keepercentage of the savings from improved
efficiency. Similar effects could be reached byoalrs and malus system.

The fact that local and regional airports have mdgebeen given the flexibility to
decide on their opening hours which enables theadjast their supply to airline demand and
improve their efficiency illustrates this principlas mentioned above, this also should be a
part of a collaborative decision making processhwiite inclusion of the NMTC, airport
operator and the relevant airlines. Furthermoreés Would allow the airport operator to
implement some multi-tasking principles, in whitie use of employees may be optimiZed.

It is essential that the local management is ineeed to be entrepreneurial in order
to reduce costs and increase revenues from othieitias, which in turn implies that they
need a greater degree of freedom in managing acidgtheir airports. Currently charges are
low compared to UK airports facing competition heran increase in charges would most
likely better reflect the costs of managing thasgaats.

We have identified cost inefficiencies and commarogévenue issues in the previous
chapters and suggest that the current airport nesmegt system and the government
structure that both owns and regulates the airpgstem is not incentivizing productive
efficiency enough.

Finally, based on the benchmarking analysis unklentand the academic literature, it
would appear to be preferable to outsource manthefactivities necessary at an airport,
including ground-handling, fire services, ambulandeeling, cleaning, security, car parking
and snow removal (Adler et al. (2012)). This isafternative to privatization that exposes the
suppliers to competition (Hooper (2002), Poole {@)%9

4.4.Summation
In summation, we would argue that the current gublrport system with cross-

subsidies does not encourage cost efficiency agttao be changed either through the use
of management or franchise contracts. A share efgdins from efficiency improvements
should pass to the airport management. Furtherntbeesmall airport operational budget
scheme is not encouraging cost efficiency and $meéed to be set through sensible incentive
regulation that would lead to higher prices anddogsubsidies, separate from that of the large

four airports or at the very least Oslo.

*? The Isavia experience is helpful on this issue€0a9, staff levels were reduced substantially grehing
hours have been limited to the hour prior to eatteduled flight. This means that an airport maynoiheee
days a week for two hours at a time if there atlg timee scheduled flights to that airport. At soamgorts, the
single employee operates both the AFIS tower andrsahe fire fighting activities which may helpdgplain
the relative efficiency of many Isavia airportshift our sample.
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Appendices

Appendix A: Aeronautical Revenues at large, regional and local
airports
In section 1.1.1, we mentioned that aeronauticamaes have developed differently

at large, regional and small airports, but showilamtrends. This appendix will provide
further details. As charges are set uniformly asrN®rwegian airports, the differences in
landing charges per movement or per passenger éettire airports are largely due to the
fleet mix. Larger and heavier aircrafts pay relalyvhigher charges. Fig. A1 shows the
evolution of real aeronautical revenues per moveémaed per departing passenger in four
major airports. Oslo Airport, the main hub, serfleghts with higher than average MTOW -
large passenger and cargo planes and thereby shtaher revenues per movement. Real
revenues per movement have been decreasing iowlinfiajor airports, but this effect has
been largely offset by increasing security revenues

The differences in revenues from passenger changesxplained by different shares
of international departing passengers. Oslo hashitjeest share of international traffic in

Norway and hence the highest passenger chargeepartohg passenger.
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Figure A1. Revenue from Landing/Take-off charges per ATM (left) and Revenue from
passenger charges per departing passenger excluding transit and off-shore passengers
(right) in 2002-2010 at Large airports and Oslo in NOK, 2010 prices.

At regional and small airports similar trends candbserved.The combined revenues
from passenger and landing charges have stayethodms real terms. Landing revenues per
ATM decreased or increased driven largely by chamgé¢he fleet mix. Passenger charges per
passenger decreased substantially, but the incireaseurity charges sterilized these effects.
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Avinor Airport charges consist of passenger chargd®-off charges, security charges and air
navigation charge.

During the period of 2002-2010 the nominal takeatfarges were on average around
100 NOK per MTOW ton, but declined significantly 201°. Passenger charges (in current
prices) for domestic flights also remained almasthanged between 1996 and 2011, while
international passenger charges decreased.

The introduction of security charges in 2004 ledatoincreased share of passenger-
related charges and thus also the share of pagsengmues in total aeronautical revenues
increased, as can be seen in Fig. A2. Along witheotEuropean airports, the share of
passenger related revenues has been growing @nibisttarting in 2004, and amounted up
to almost 60%6 in 2010.

60%

50% //_ e Share of
passenger
I revenues (incl.
40% security) in total
aeronautical
revenues, %
930%

\ wsw Share of

passenger

20% revenuesin total
aeronautical
revenues

10%

2002 2003 2004 2005 2006 2007 2008 2009 2010

Figure A2. Share of passenger revenues with and without security revenues)
in total aeronautical revenues, %.

% However it is worthwhile to mention that a new iiag scheme was introduced which smoothed the
differences in pricing between large and smallraftdypes. Thus, NOK 69.00 per 1,000 kg or paeteof shall
be paid for aircraft with MTOW between 6,000 kg &%J000 kg; NOK 34.50 per 1,000 kg or part thesteHll
be paid for aircraft with MTOW between 75,001 kgldrb0,000 kg and NOK 14.00 per 1,000 kg or pantethie
is paid for aircraft with MTOW over 150,001 kg.

* Note that in Germany the average share of passeelgéed charges constitutes about 65-70%.
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Appendix B: Selected ranking of European airports based on the
total levels of charges®>

In section 1.5.2 we compared our analysis withidiaechmarking of airport charges
which was done for Avinor airports by TOI (2009). Table B1 below we present the total

charges levels of Oslo airport, which are compavitd other European airporfs

Rank Airport Code Total charges
1 Girona GRO 1,597
2 Heraklion HER 1,709
3 Barcelona BCN 1,741

Malaga AGP
Alicante ALC
Valencia VLC
Palma De Mallorca PMI
Gran Canaria LPA
Tenerife TFS
Lanzarote ACE
4 Madrid MAD 1,752
5 Catania CTA 1,947
6 Naples NAP 2,068
7 Rome FCO 2,218
8 Antalya AYT 2,221
9 Milan BGY 2,258
10 Venice VCE 2,303
11 Faro FAO 2,347
12 Istanbul IST 2,357
13 Lisbon LIS 2,413
14 Geneva GVA 2,570
15 Stockholm ARN 2,579
16 [zmir ADB 2,626
17 Oslo OSL 2,799

Table B11. TOI reduced ranking. Airport charges at airports over 5 million PAX - top third
and Oslo. Flights within the EU. Absolute figures. Charges in euros for 2009.

% From cheapest to the most expensive.
% The initial ranking was made in TOI report. Here reduced the ranking by treating airports fromomet
airport system with the same level of charges &saiport, thus obtaining a new ranking.
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Appendix C: Airport Fees in Norway and reactions to the SIB report

The level and structure of Avinor charges has alsught about criticism from the
airlines, especially as Oslo and the other largeoais cross-subsidize the smaller airports and
thereby require higher charges. The airlines supdaa study by the consulting firm Vista
(2010), which called for airport charges to be base marginal costs, which would reduce
some of the charges, especially at the large dgpdfs a consequence, the Ministry of
Transport and Communication requested their owdysta assess the charges of Norwegian
airports (“Airport Fees in Norway: Tariff systenrigtture and the importance of supply and
demand” (Jgrgensen et al, 2010) further referrexst8IB report). This report led to a follow-
up critique by Vista (Homleid, 2011).

Our comments on this debate and the SIB reporfiestty related to the proposed
charges system based on marginal costs and itecudrst effects and secondly on the
estimation of marginal costs, which would be reeito set up such a tariff syst&m

Marginal costs differ from airport to airport. lnch a case charging the same prices at
all airports as proposed by Vista and SIB doeshmestimize economic welfare. Furthermore,
short run and not long run marginal costs are egleto use capacity efficiently, in particular
when airports become highly utilized at peak times.

Concerning the estimation of marginal costs inSki& report, we find that using total costs to
estimate marginal costs will be biased, as it3s alecessary to analyze the costs of

commercial activities, in addition to excluding saty fees.

%" As for econometric techniques applied we find tiging pooled OLS and linear cost structure isegaistrong
assumption. Also the multicollinearity problem ist iscussed sufficiently in the report.
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Appendix D: Approximation of airport charges by aeronautical
revenues

In section 1.1.4 we analyzed aeronautical revemerspassenger and found that
Norwegian airport charges at regional and locgbaats are relatively low compared to a
sample of other continental and UK airports.

From data on aeronautical revenues and the numbenowements, we can also
approximate average charges per movement as atioadticomparison. Aeronautical
revenues in Avinor airports include revenues fraketoff charges, passenger charges and
security charges. In order to make the numbers aosye with those from the UK airports,
we exclude revenues from security charges. Whedangdhe above calculations one should
take into account the following:

1. Aeronautical revenues include take-off charges,ciwihemselves contain revenues
from both commercial and non-commercial aviatiake(lhospital flights or military
aviation). The share of non-commercial movemenrftgrdi across airports. It is larger
in small airports and comparatively low in big airfs®.

2. According to charges regulations in Norway, cargerafts are charged the same
take-off charge as commercial flights are. Thawlgy we include cargo flights under
commercial aviation. This allows for a calculatiminaeronautical revenues (excluding
security) per movemetit

3. One should take into account the difference intfieix, however: Small airports have
rather small aircraft types operating there, whildig airports we find larger aircraft
types. To obtain a more accurate impression ablmutaverage level of charges we
divide airports into 6 different size categoriesitimwrespect to number of terminal
passengers).

4. We use the following size categories:

Local airports with total annual PAX less than 00

Local airports with total annual PAX between 50,@0@ 100,000 PAX;

Local airports with number of annual PAX over 1@mp

O O O O

Regional airports;

% The amount of charges for non-commercial flighteelatively small and one can neglect non-comraérci
flights when calculating average charge per movenfgcording to “Charges regulations in Norway” (mal
for 2011) there are several exemptions for civitrafts, including military aircrafts, aircraftsgaged in search
and rescue operations, aircraft in use for diplder@irposes, etc. Also there are different pattefnsayment
for general aviation flights, which include traigiaircrafts, continental shelf flights, ambulankghts etc.

% To make charges levels comparable across diffe@mmitries we convert them into real NOKs and adjus
the for purchasing power parity.
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0 Large airports;

0 Oslo Gardemoen.

The average charges for the first group are predentTable D1. The third column of
the table contains figures for average chargesl Ipge commercial movement, while the
fourth column represents average level of takeebfirges per commercial movement. As
shown in the table the mean of this group for ayeréevel of charges per commercial
movement is 681.7 NOK. The group has a relativetgls standard deviation, which means
that in 2010 average charges levels in small lagalbrts are quite similar. The mean of the
take-off charges per commercial movement is 5180KNvith a standard deviation of 53.9
NOK. It is worth mentioning that after we excludecarity charges, take-off charges on
average constitute 75% of the total charge, whgchyuite in line with the widely known
proposition that small airports are likely to hdargher take-off/landing charges.

What is interesting from Table D2 is that the stdddeviations of average charges
per total movement are higher than those of comuateflghts. It means that calculations

somehow capture the difference in pricing commeégrid non-commercial flights?

Average AVETETo

. aeronautical landing Average
Division AL revenues per revenues per HEVENEES
Name : : per total
commercial commercial ATM
ATM ATM

Batsfjord 603.41 501.76 298.60
Berlevag 603.03 522.11 298.83
Local Finnmark and Troms  Honningsvag 653.70 511.13 307.23
Mehamn 642.94 535.97 314.54
Sarkjosen 693.01 527.19 323.27
Vardg 624.50 507.41 307.83
Local Helgeland and Namdal Namgos 711.08 533.86 284.65
Rarvik 760.23 545.61 334.67
Local Ofoten, Lofoten and Narvik 707.44 487.53 316.14
Vesteralen Rast 638.99 495.19 300.96
Fagernes 800.78 630.18 346.29
Local Southern Norway Raros 582.68 386.39 181.92
Sandane 840.84 558.33 708.26
Mean 681.74 518.67 332.55
Standard deviation 80.02 53.88 119.57

Table D1. Approximated average charges per movement in airports with less than 50,000
PAX, in NOK, 2010 prices.

1% As mentioned above, non-commercial flights are numr@mon for small airports and that's why the raofje

average charges is larger when dividing by totahiner of movements.
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With the increasing size of an airport, the staddieviation of average charges per
total ATM becomes less, which means that non-coromeraviation becomes a less
important source of aeronautical revenues in lagports, i.e. — the sample is almost
homogeneous. Also, for Oslo airport the averagelle¥ charges per commercial and total
movement are almost the same. In line with theiptesly mentioned proposition about share
of passenger charges, the share of landing chaegesnes smaller and for Oslo constitutes

on average 57%.
We can also see that average levels of chargesétess have been increasing over

time, which reflect the use of larger aircraft tgp@as large airports operate bigger aircraft

types.

Average aeronautical  Average landing

Average revenues

revenues per revenues per
commercial RTM commercial RTM Ber ety A
Local airports with PAX between 50,000 and 100,000
Mean 864.10 554.67 501.41
St.dev 121.02 39.43 176.32
Local airports with PAX over 100,000
Mean 1,174.25 843.69 590.35
St.dev 582.38 464.83 423.39
Regional airports
Mean 2,777.96 1,644.29 2,101.20
St.dev 1,028.10 582.51 781.06
Large airports
Mean 4,606.90 3,053.34 3,373.01
St.dev 770.37 717.62 49.07
Oslo Gardemoen
5,191.31 2,986.24 5,029.48

Table D2. Standard deviations and means of the other groups, 2010, in NOK, 2010 prices.
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Appendix E: Airports in the Sample

Country
Austria
Austria
Belgium
Denmark
Denmark
Estonia
France
France
France
Germany
Germany
Germany
Germany
Germany
Germany
Germany
Germany
Germany
Germany
Germany
Germany
Italy

Italy

Italy

Italy

Italy

Italy

Italy

Italy

Italy

Airport
Salzburg
Vienna
Brussels
Billund
Copenhagen
Tallinn

Basel-Mulhouse
Lyon
Marseille
Bremen
Cologne-Bonn
Dresden
Dortmund
Dusseldorf
Muenster
Hannover
Hamburg
Leipzig
Munich
Nuremberg
Stuttgart
Bergamo
Bologna
Cagliari
Catania
Florence
Genoa
Naples
Palermo
Pisa

SZG
VIE
BRU
BLL
CPH
TLL
BSL
LYS
MRS
BRE
CGN
DRS
DTM
DUS
FMO
HAJ
HAM
LEJ
MUC
NUE
STR
BGY
BLQ
CAG
CTA
FLR
GOA
NAP
PMO
PSA

Country
Italy
Italy
Norway
Norway
Norway
Norway
Norway
Sweden
Sweden
Sweden

Airport
Turin
Venice
Bergen
Oslo Gardermoen
Stavanger
Trondheim
Torp

Stockholm-Arlanda
Stockholm-Bromma
Goteborg-Landvetter

Switzerland Geneva
Switzerland Zlrich

UK
UK
UK
UK

UK

UK

UK
UK
UK

UK
UK
UK
UK
UK
UK
UK
UK

Aberdeen

Belfast International

Birmingham

Bristol
Edinburgh

East Midlands
Glasgow

Leeds/Bradford

London City
London Gatwick
London Heathrow
Liverpool

London Luton
Manchester
Newcastle
Southampton
London Stansted

TRN
VCE
BGO
OSL
SYG
TRD
TRF
ARN
BMA
GOT
GVA
ZRH
ABZ
BFS
BHX
BRS
EDI
EMA
GLA
LBA
LCY
LGW
LHR
LPL
LTN
MAN
NCL
SOuU
STI

P~

Table E1. Large Airports.
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Country

Austria
France
France
France
France
France
France
France
France
France
France
France
France
France
France
France
France
France
France
France
France
France
France
Germany
Germany
Greenland
Greenland
Greenland
Greenland
HIAL
HIAL
HIAL
HIAL
HIAL
HIAL
HIAL
HIAL
HIAL

HIAL
Iceland
Iceland
Iceland
Iceland
Iceland
Iceland
Iceland
Iceland
Iceland
Iceland
Iceland
Italy
Italy
Italy
Italy
Norway
Norway
Norway
Norway

Airport

Graz

Ajaccio

Aurillac
Brest
Bastia
Biarritz
Caen-Capriquet
Calvi-Sainte-Catherine
Dinard-Pleurtuit-Saint-M.
Bergerac-Roumaniere
Nimes-Garons
Figari, Sud-Corse
Grenoble-Isére Airport
Tarbes-Lourdes-Pyrénés
Limoges-Bellegarde
Lille
La-Rochelle-lle De Re
Lorient-Lann-Bihoue
Montpellier
Perpignan-Rivesaltes
Pau-Pyrénées
Rennes
Toulon-Hyeres
Erfurt
Friedrichshafen
Nuuk
lllulisat
Kangerlussuaq
Narsarsuaq

Benbecula

Barra

Campbeltown

Islay

Inverness

Kirkwall

Sumburgh

Stornoway

Tiree

Wick

Akureyri
Bildudalur
Egilsstadir
Gjogur
Grimsey
Hornafjordur
Isafjordur
Reykjavik
Thorshofn
Vestmannaeyjar
Vopnafjordur
Forli

Pescara
Lamezia Terme
Trapani
Alesund

Alta

Andgya
Bardufoss

IATA

GRZ
AJA
AUR

BES
BIA
BIQ
CFR
CLY
DNR
EGC
FNI
FSC
GNB
LDE
LIG
LIL
LRH
LRT
MPL
PGF
PUF
RNS
TLN
ERF
FDH
GOH
JAV
SFJ
UAK
BEB
BRR
CAL
ILY
INV

KOl

LSl
3%
TRE

WIC
AEY
BIU

EGS
GJR
GRY
HFN
IFJ
RKV
THO
VEY
VPN
FRL
PSR
SUF
TPS
AES
ALF
ANX
BDU

Country

Norway
Norway
Norway
Norway
Norway
Norway
Norway
Norway
Norway
Norway
Norway
Norway
Norway
Norway
Norway
Norway
Norway
Norway
Norway
Norway
Norway
Norway
Norway
Norway
Norway
Norway
Norway
Norway
Norway
Norway
Norway
Norway
Norway
Norway
Norway
Norway
Norway
Slovenia

Sweden

Sweden
Sweden
Sweden
Sweden
Sweden
Sweden
Sweden
Sweden
Sweden
Sweden
Sweden
Sweden
Sweden
Sweden
United Kingdom
United Kingdom
United Kingdom
United Kingdom

Airport IATA
Batsfjord BJF
Brgnngysund BNN
Bodg BOO

Berlevag BVG
Evenes (Harstad-N.) EVE
Forde FDE

Florg FRQ
Hasvik HAA
Haugesu HAU
Hammerfest FT H
Orsta-Volda HOV
Honningsvéag HVG
Kirkenes KKN
Kristindsa KRS
Kristiansund KSU
Banak (Lakselv) LKL
Leknes LKN

Svalbard LYR

Mehamn MEH
Mosjgen MJF
Molde MOL
MoiRana MQN

Narvik NVK
Namsos osYy

Rost RET

Raros RRS

Rarvik RVK

Sandane SON
Stokmarknes SKN
Sogndal SOG
Sarkjosen SOJ
Sandnessjgen SSJ
Svolveer SVJ

Tromsg TOS

Vardg VAW
Fagernes VDB

Vadsg VDS
Ljubljana LJU

Angelholm-

Helsingborg AGH
Jonkdping JKG
Kiruna KRN

Karlstad KSD
Luled LLA
Malmo MMX
Ornskoldsvik OER
Are Ostersund osD

Sundsvall SDL

Skellefted SFT

Visby VBY!

Umed UME

Stockholm-Arlanda ARN
Stockholm-Bromma  BMA
Goteborg-LandvetteGOT

Bournemouth BOH
Exeter EXT
Humberside HUY
Durham Tees ValleyMME

Table E2. Small Airports.
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Appendix F: Revenue generating capability: comparing UK and
Avinor airports on commercial revenues
Comparing non-aviation revenues across Europegorésris difficult, due to the lack
of disaggregate data. However, we were able toirolsiach disaggregate data for 35 UK
airports to compare them with their Norwegian ceuyparts, i.e.the four large airports and
two regional airports TOS and BO®.

Number Aero- Non- Duty Free  Parking Non- Inter- Number of
of nautical aeronautic | per pax per pax aeronautic  national terminal pax
airports revenue al revenue al revenue pax share

in the per pax per pax as a % of out of

group total terminal
operating pax
revenue

Oslo airport 1 82.2 109.5 61.2 15.2 57% 47% 19,000,000
Large 3 91.3 63.1 325 15.9 40% 28% 4,033,333
airports

Regional 12 81.3 38.6 11.9 12.3 28% 8% 620,004
airports

Local 27 110.3 26.4 0.0 4.9 18% 0% 51,447

airports

Table F1: Descriptive statistics for different Avinor airport groups excl. Svalbard, Fagernes
and Rgros (2010).

Number of Average  Aeronautical Non- Non-aeronautical
airports inthe  number of  revenue per  aeronautical revenue as a % of
group total pax  pax (in NOK) revenue per pax total operating
(in NOK) revenue
Group 1 2 48,543,500 106.7 95.8 48
Group 2 2 18,112,500 65.5 66.4 50
Group 3 12 5,323,417 59.2 52.8 51
Group 4 9 758,217 90.6 99.5 50
Group 5 10 60,773 158.5 24.5 13

Table F2: Descriptive statistics for different UK airport groups (2010).

UK Airports in group 2 were compared twiDslo airport, UK group 3 with large
Avinor airports, group 4 with the regional airpo®S and BOO, and group 5 with local
airports.

Revenue for UK airports is calculated per totalseager and for Norwegian airports
revenue is calculated per terminal passenger. €uits show the high non-aviation revenues

we saw for Norwegian airports in Table 1.3.3 canéd (except for group 4). Oslo and the

% verdict research, Global airport retailing 2011.
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large airports seem to outperform Group 2 and g@uWK airports, but if this performance
was adjusted for duty-free options on arrival sae®©slo and the other large airports, the
difference would be much smaller. As this optiomds$ available for UK airports, Norwegian
local airports also have slightly higher non-aerdital revenue per passenger. Only group 4
has unusually high commercial revenue. Even if tlulier Blackpool International is
removed from Group 4, the average non-aeronaugeanue per passenger with 76 NOK for
the UK airports is still higher than non-aeronaaiticevenue of 39 NOK per passenger at

Avinor regional airports.
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Appendix G: DuPont analysis of Oslo and comparison with European
airports

Apart from looking at partial performance measusdsch are specific to the airport
industry, an analysis of common financial indicat@an provide us with another useful
benchmarking perspective. One of the techniquelsgheompasses the analysis of several
aspects of a company’s financial performance is Dw@Pont analysis, which is a
decomposition of return on equity (ROE) measurea astio of Net Income to Equity into

five factors (see for example, Bodie, Kane and Mar2004) in the following way:

Net Income Net Income Pretax Profit (EET)

ROE = =
Equity Pretax Profit (EBT) x Operating profit (EBIT) x

Operating profit (EBIT)  Revenue  Assets
x

Revenue Assets  Equity

By comparing the target company with similar ortee, DuPont analysis allows us to
determine what stands behind superior or infeeturn on invested capital.

In this analysis ROE is assumed to be an ultimetétability measure. The DuPont
analysis makes it possible to assess the degreeith each of the five factors affected ROE.

For the DuPont analysis we use data for 2010 congisf financial information from
income statements and balance sheets of Oslo atiee7 European airports that are similar in
terms of annual number of passengers. These arponsist of Athens (ATH), Copenhagen
(CPH), Dusseldorf (DUS), Manchester (MAN), Londotar$sted (STN), Vienna (VIE) and
Zurich (ZRH). This financial benchmarking cannotdagried out for other Avinor airports, as
they do not have independent financial statements.

Decomposition of ROE into 5 factors for all airgoim 2010 is given in Table G1.

The calculations show that in 2010 Oslo had thédsglevel of ROE (67%) among
other large airports which is significantly abohe taverage ROE level of 17.7%.

To understand the reasons behind the exceptiohaly ROE, one should look at
Figure G1 below, where all analyzed airports argked by the explanatory factors. Oslo
showed above average results for all indicatorsorsdé best on asset turnover and with the
second lowest interest burden (due to cheap gowsrhrioans), third best operating
profitability and slightly lower than average tawrtien. However, the factor that plays a
major role in explaining such an abnormally highERI@vel is the level of financial leverage

(8.61 against 3.64 on average), which is achielexzligh large government loans.
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Percentage

deviation

EBIT/ EBT/ Net income/ Revenue/ Assets/
}crr]otrgm?ss(; ROE  Revenue  EBIT EBT Assets  Equity
PAX

ATH -19.8% 10.7% 43.9% 69.5% 60.9% 0.25 3.30
MAN -7.0% 4.1% 22.8% 72.7% 71.5% 0.23 1.55
STN -2.7% 1.5% 26.6% 34.4% 66.7% 0.14 1.77
DUS -0.5% 14.1% 19.6% 50.1% 65.2% 0.36 6.17
OSL 0% 67.2% 38.3% 79.6% 72.0% 0.36 8.61
VIE 3.1% 6.7% 13.7% 79.0% 77.7% 0.29 2.76
CPH 12.6% 26.1% 45.4% 83.4% 74.0% 0.35 2.67
ZRH 19.8% 11.2% 28.9% 74.8% 78.6% 0.28 2.33
Average 17.7% 29.9% 67.9% 70.8% 0.28 3.64

Table G1. DuPont factors, 2010.

ROE
B OSL, 1st

O

© ¢ ATH
Assets/Equity OSL, 1st A EBIT/Revenue
(Financial leverag ¢ I:l(operating profitability) B MAN
. o AE’ o
O o A 0sL, 3rd A
SagA_oON ODUS
moe
[ | A L 2 A O = 0SL
A M O ¢ [ | O VIE
osL,2nd —® A A
Revenue/Assets (asset(#:| 0O ‘E:IEBT/EBIT (interest [1CPH
turnover) 0SL, 2nd burden)

OSL, 4th = AZRH

O

o

A

Net income/EBT (tax
burden)

Figure G1. Ranking of airports by DuPont factors, 2010.

If we substitute an average (without Oslo) leveragel of 3 into the DuPont formula,
which is about 3 times as low as Oslo’s actualllev2010, the ROE of Oslo will become 3
times lower — only 23%. In addition, if we elimisatheap government finance effects by
substituting an average (without Oslo) level okmest burden of about 66% (against actual
Oslo level 79.6%), the ROE will decrease furtherabmut 19%, which shifts Oslo behind
CPH (ROE 26.1%) and closer to DUS (14.1%). Ther@sio’s return on equity from the

government’s point of view as an investor is stilite high even after clearing out the effect
105



of government financial support. The cleared secoigth level of ROE in the considered
sample was achieved by good operating profitab(8# place) and asset turnovef{place).

This discussion shows the problem of conducting Bh#’ont Analysis when the
sample contains both state-owned and private compaecause of the special role played by
government loans to its own company. The DuPontlysig has limited interpretability in
such cases because of several reasons. First, RGI Ipe of little interest to the owner of
Oslo Airport (ultimately the state) which is alsonajor creditor of the Avinor group and Oslo
airport. In this situation the return on each pdrthe state’s invested capital (equity or debt)
can be substantially influenced by the owner itbelfause the capital structure is largely at
the owner’s discretion. This means that the RORirégalone may not be meaningful.
Besides, it is possible to claim that debt cagptalvided to Avinor by the state actually shows
some equity-like features (granted exemptions frepayment of the government loan). It
may therefore be problematic to regard this deldeds in the economic sense. Corrections
will lead to higher equity capital and lower ROE.

In addition, ROE can also be of little importanceother potential equity investors
since their return on investment - were they touaeqsome stake in the equity capital -
would be close to ROE only if this stake were acgfiat the price close to the corresponding
share of the book value of equity. But such a pgagot guaranteed to be achieved in practice

in this situation.
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Appendix H: DEA Model
Liebert and Niemeier (2010) provide an extensiwaesg of airport benchmarking

studies applied to a diverse range of activitiemgiyvarious methodologies. The methods
most frequently applied include price index totattbr productivity (Hooper and Hensher
(1997), Oum and Yu (2004), Vasigh and GorjidoozO@0), parametric stochastic frontier
analysis (Pels et al. (2003), Oum et al. (2008)) mon-parametric data envelopment analysis.
DEA has been used to compare the performance pbr&r within national boundaries,
including the U.S. (Gillen and Lall (1997), Sark000)), U.K. (Parker (1999)), Spain
(Martin and Roman (2008)), Murillo-Melchor (2009 stralia (Abbott and Wu (2002)) and
Taiwan (Yu (2004), (2010)) as well as airports abuhe world (Adler and Berechman
(2001), Lin and Hong (2006)). It should also beedothat DEA has been used to analyse
many industries, including water and electric tig§ and the police force for purposes of
benchmarking and setting price caps where releidmnWitte and Marques (2011), Ferro and
Romero (2011), Kwoka and Pollitt (2010), Thanassol995, 2000 and 2002)).

The bound adjusted measure has been used as thenbdsl in the data envelopment
analysis (Cooper et al. 2011).

Max 1- L (ii@iJ

m+ s{ = Li_O r=1U:J
st. Y xA+S;=x, O i=1.,m
=1

Zn: yrjllj - S;; = y,o ] r :l,...,S
o 1)

n

>4 =1

j=1
Lo20 O j=1..,
S° >0 O |

S0 0O r =1,..,

where superscripd is the index of DMU, the unit under investigatiom is the number of
DMUs to be evaluatedn is the number of inputs is the number of outputs;, represents

the input value of DMY vy, represents the output value of DMENd /; is the intensity
J

variable of the benchmark DMUs. Associated withhe@MU°, (3 X, 4., Y, 4,) are
=1 =

coordinates of an optimal comparison point on tloatfer surface (efficient target) that is

expressed as a convex combination of inputs angutibf the reference DMUs. A reference
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set is a subset of efficient DMUs to which the fiogént DMU is compared. DMUs with a
relatively high intensity variable represent thesmonportant benchmarks for inefficient

DMU°. S’ andSrf) are input and output slack variables which idgritile sources and level

of inefficiency in the corresponding inputs andpuis of DMU. A DMU s efficient if and
only if it is not possible to improve any input (output) without leading to an increase (or
decrease) in one or more of its other inputs (apus). A DMU is deemed relatively

efficient if, and only if, there are no output stialts or resource wastage at the optimal
solution. While4;, S, and S are decision variables in the BAM model, the lowetnd

range for input and upper bound range for outpuin the goal function in model (1) are

calculated a-priori for each DMUas follows.
L=x-x O i=1.,m U =y -y, O r=1.,5s
whereX;, and ?/r are the co-ordinates of the unobserved zenithtdaeal point) based on

the data set. The ideal point is defined simultasgoby the smallest inputs and the largest

outputs of the given sample as follows:

x =min{x, O j=1,..,n} y, =max{y, 0O j=1,.,n}

While the additive DEA model (Charnes et al. 1988Jects the point on the
envelopment surface that maximizes the distanca fitee observed DMU to the efficient
point, in the BAM model a zenith-point influencdsetdirection of the path towards the
efficient frontier. The individual weights in thdjective function ensure that all variables are
incorporated into the analysis and weighted acogrdo their relative importance for the
specific DMU. The facto(m+s) is introduced in the objective function in orderaiverage the
sum of inefficiencies which ensures that the adeitBAM efficiency score is restricted
between 0 and 1, such that 1 defines relativeieffay.

The variable returns to scale (VRS) BAM model hasrbapplied as formulated in the
last convexity constraint in model (1). The VRSuasption guarantees translation invariance
with respect to the efficiency score, permitting ttariables to include zero or negative values
in the analysis which is necessary since some &gl not serve any cargo. Removing the
last constraint in model (1) changes the assumptia@onstant returns to scale, meaning that
the producers are able to linearly scale the inpntsoutputs without increasing or decreasing
efficiency. The extension of the BAM model to amturns to scale assumption (constant,
non-increasing or non-decreasing) is presentecop€r et al. (2011).
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Appendix I: Malmquist-Type Indexes
A meta-Malmquist productivity index (Portela andahlassoulis 2010) is defined as

(Xt+6 t+6)
Q™ (X, Yo)

where Q™ (X,.y;)and Q™ (X °y,™) represent efficiency scores for airporin periodst

MM t,t+0 —

andt+¢ according to the meta-frontier, which envelops fibeled panel data over the entire
timeframe. WherMIM '*** > 1 the productivity of airporo has improved from yeatto t+4,

since its meta-efficiency in perioo is higher than that in. Note that for purposes of
consistency, we use a single ideal point for thireeidataset, ensuring similar priorities for
airport o over time. A meta-Malmquist productivity indexis cdenposed into two

components:

MM o5 Q (Xt+6 t+6) B Qt+6(xt+6 t+6) Q (Xt+6 t+6)/Qt+6(Xt+6 t+6) B Ex F
Q"™ (X, Yo) Q' (X,¥s) Q™ (X3¥6) / Q"(X;.Ys)

where Q(x;y;) represents the within-periddefficiency score for DMY i.e. the optimal

t+d t+5

value of the objective function in model (1) forrioel t. Q(X )represents the within-

periodt+6 efficiency score of DMU E represents the efficiency change for airpmftom
yeart to t+9, indicating the change in its location with redpiecthe relevant section of the
efficient frontier.F represents the frontier shift for the relevant isecof the frontier with
respect to airpord. The numerator df reflects the distance from tieo frontier to the meta-
frontier, given the input-output mix of the specifDMU in year t+¢6. Similarly the
denominator reflects the distance from thiontier to the meta-frontier, given the input-
output mix of the relevant DMU in yedr The technological gap measures the distance
between the periodfrontier and the+¢ frontier.

Malmquist type non-parametric efficiency indexesa(iiquist (1953)) have been
widely studied and are usually based on a direatidistance function or radial DEA model
(Fare et al. 1994, Portela and Thanassoulis 2®4@)ever, Grifell-Tatje et al. (1998) used a
slack-based efficiency measure combined with a Maist productivity index in order to
analyze Spanish banks. In this research, we appliack-based BAM efficiency measure
(Cooper et al. 2011) to benchmark airports considgeboth discretionary and non-
discretionary variables and calculating a meta-Mplist indices (Portela and Thanassoulis
(2010)) based on the non-radial efficiency scores.
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Appendix J: Detailed Results of DEA Analysis

Airport 2002 2003 2004 2005 2006 2007 2008 2009
Austria SZG | Salzburg 0.75 1 066 060 067 0.70 0.74 0.65
VIE Vienna 1 1 1 1 1 1 1 1
Belgium | BRU | Brissel 1 1 1 1 1 1 1 1
Denmark | BLL | Billund 0.78 1 090 1 1 1 1 0.76
CPH | Copenhagen 1 1 1 1 1 1 1 1
Estonia TLL | Tallinn 1 1 0.87 1 0.87 1 091 1
France BSL | Basel-Mulhouse | 0.93 1 1 1 095 073 074 0.64
LYS | Lyon 0.81 080 088 089 084 0.84 0.78 0.9
MRS | Marseille 077 078 08 08 080 0.82 0.76 0.88
Germany | BRE | Bremen 0.76 074 078 0.72 0.73 065 058 0.63
CGN | KdIn-Bonn 1 1 1 1 1 1 1 1
DRS | Dresden 0.68 0.68 0.68 0.64 0.63 0.68 0.66 0.75
DTM | Dortmund 049 055 052 055 053 053 049 051
DUS | Dusseldorf 1 0.83 1 1 095 1 1 1
FMO | Muenster 051 068 065 062 0.66 0.66 0.48 0.65
HAJ | Hannover 0.88 0.90 0.97 1 087 081 0.81 0.80
HAM | Hamburg 075 073 079 0.76 0.68 0.69 0.67 0.68
LEJ Leipzig 0.64 063 0.66 0.61 0.67 1 1 1
MUC | Minchen 0.83 0.77 0.79 1 1 1 1 1
NUE | Nurnberg 0.84 090 099 088 0.82 0.75 0.72 0.73
STR | Stuttgart 0.80 0.72 071 0.77 071 0.71 068 0.73
Italy BGY | Bergamo 1 1 084 093 095 0.83 0.84 1
BLQ | Bologna 0.80 0.75 0.67 071 080 0.73 0.69 0.71
CAG | Cagliari 1 1 1 1 1 1 1 1
CTA | Catania 1 1 1 1 0.77 1 1 1
FLR | Florence 1 1 1 1 1 1 1 1
GOA | Genoa 0.82 0.80 0.76 1 1 1 1 1
NAP | Naples 0.61 073 084 083 0.8 0.84 0.75 0.80
PMO | Palermo 0.74 070 0.71 0.64 0.79 0.78 0.65 1
PSA | Pisa 0.96 093 0.89 0.77 0.78 0.78 0.97 1
TRN | Turin 0.83 090 094 084 0.76 0.69 0.60 0.65
VCE | Venice 0.70 0.79 0.84 0.77 074 0.79 0.71 0.75
Norway BGO | Bergen 1 1 1 1 1 1 1 1
OSL | Oslo Gardermoer 1 1 1 1 1 1 1 1
SVG | Stavanger 1 1 1 1 097 1 1 1
TRD | Trondheim 1 1 1 1 1 1 1 1
TRF | Torp 1 1 1 1 1 1 1 1

110




Country | IATA Airport 2002 2003 2004 2005 2006 2007 2008 2009

Switzerland| GVA | Geneva 1 095 094 0.88 0.8 1 1 1
ZRH | Zirich 1 1 097 1 086 0.88 0.98 1

ABZ | Aberdeen 0.80 1 1 1 1 1 1 1

BFS | Belfast Int. 0.66 0.75 0.87 0.98 1 1 1 0.93

BHX [ Birmingham 0.69 0.77 077 081 071 077 0.79 0.78

BRS | Bristol 0.96 1 1 1 1 1 1 1

EDI | Edinburgh 1 1 1 1 1 1 1 0.86

EMA | East Midlands 1 1 1 1 1 1 1 1

GLA | Glasgow 0.75 077 083 085 083 0.88 0.89 0.66

_ LBA | Leeds/Bradford 059 065 0.73 0.74 0.84 1 1 1
E.Tg%‘i,m LCY | London City 052 053 0.60 0.62 067 079 070 0.70
LGW | London Gatwick 1 1 1 1 1 1 1 1

LHR | London Heathrow 1 1 1 1 1 1 1 0.66

LPL | Liverpool 056 059 0.77 090 0.85 1 1 0281

LTN | London Luton 0.81 082 094 090 0.79 1 0.85 0.89

MAN | Manchester 0.78 1 1 1 083 089 0.87 0.9

NCL | Newcastle 0.54 0.72 1 091 0.82 1 1 1

SOU | Southampton 0.61 0.91 1 1 1 1 0.78 0.85

STN | London Stansted 1 1 1 1 1 1 1 1

Table ]1. DEA Results for Large Airport Dataset.

Annual
Annual Potential Potential
_ IAT Reductions, 2002-2005  Increase, 2002-
Airport A 2005 Important Benchmarks
g Non-aviation
Staff Costs  Other Costs R
evenues
Batsfjord BJF 1,531,982 3,296,138 68,192 RET MQN NVP
Brgnngysund BNN @ 605,678 112,07 BNN
Berlevag BVG 3,770,058 3,184,007 25,121 VPN MON
Farde FDE 2,476,077 3,368,053 545,069 MQN GRY SVJ
Florg FRO 1,395,525 1,596,615 659,296 HFET BNN FRO
Hasvik HAA 3,025,800 2,712,776 4,613 VPN REl MQN
Hammerfest HFT 0 ( 0 HFT
@rsta-Volda HOV 2,680,309 2,868,798 225,678 GRY MQEVJ FRO
Honningsvéag HVG 4,454,52p 4,004,067 339,763 VAN MQEN
Leknes LKN 168,432 2,915,925 195,26 MQN LKN
Mehamn MEH 620,389 4,192,580 108,378 RET MON
Mosjgen MJF 720,559 3,478,448 325,237 MOQN VBN BNNROF
MoiRana MQN 217,551 1,422,980 0 MON
Narvik NVK 0 1,465,771 254,819 NVK LKN| MON
Namsos oSy 1,781,368 3,856,941 163,465 RET MON VPN
Rast RET 457,54 1,552,865 0 RET
Rarvik RVK 573,281 3,393,538 142,568 RET MQN
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Sandane SDN 2,092,742 3,785,155 245512 RET MQN LKN
Stokmarknes SKN 363,64|9 2,914,175 320,964 MQEN HFTKNL
Sogndal SOG 895,074 3,262,005 1,098,181 MQN BNN
Sarkjosen SOJ 2,039,976 5,264,704 115005 VPN MONET R
Sandnessjgen SSJ 228,241 3,321,984 386,871 MQON BNN
Svolveer SVJ 585,395 2,786,145 298,323 MQN GRY VPN
Vardg VAW 3,759,825 3,264,078 0 GRY BNN MQN
Vadsg VDS 0 3,403,55( 197,634 VDS HFT MQN
Jo Aol 33,838,204 71,917,060 5,832,143
Annual
Annual Potential Potential
Reductions, 2006-2010 Increase, 2006-
2010
Airport Important Benchmarks
Staff Costs  Other Costs ~ '\0n-aviation
Revenues

Batsfjord BJF 3,095,831 2,506,239 6,611 RET MQN VRNRVK
Brgnngysund BNN 3,114,464 133,140 1,300,692 S$J MOWT | VEY
Berlevag BVG 6,154,571 4,202,534 21,731 VBN MON
Farde FDE 2,350,840 2,230,546 617,710 MQN GRY FRO
Florg FRO 255,104 1,029,114 1,416,799 FRO S$J MQN
Hasvik HAA 5,151,682 4,818,041 4909 VPN RET RVK M(Q
Hammerfest HFT 711,10b 3,762,182 263,231 HET S$J NMQ
Jrsta-Volda HOV 3,864,219 2,057,847 393,804 GRY MQRRO
Honningsvag HVG 7,127,476 4,881,280 182,103 VBN MQN
Leknes LKN 1,078,682 2,195,008 345,397 MQN
Mehamn MEH 653,84( 2,435,322 15,201 RET MON
Mosjgen MJF 3,415,562 3,153,787 1,165,884 MON S$J PNV
MoiRana MQN 84,466 357,98p 0 MON
Narvik NVK 610,885 1,533,418 87,325 NVK MON
Namsos oSy 3,228,176 3,554,2P8 106,876 RVYK MQON VPIRET
Rast RET 664,893 654,169 75,348 RET
Rarvik RVK 1,191,587 1,314,920 31,901 RET MQN RVK
Sandane SDN 2,164,035 2,778,026 143,659 RET MON RVK
Stokmarknes SKN 1,062,123 1,121,725 430,43 MQEN HFBSJ
Sogndal SOG 2,624,505 1,193,301 1,555,785 MbN SBJRY G
Sarkjosen SOJ 5,874,220 4,154,941 93,F37 VPN MON KRV
Sandnessjgen SSJ 1,522,380 1,239,329 1,243,612 BSSION
Svolveer SVJ 3,266,724 3,987,282 717,320 MQN S$J GRY
Vardg VAW 5,590,887 4,119,836 20,700 GRY MQN
Vadsg VDS 821,067 522,793 758,403 MQN SSJ HFT
T Aol 65,679,329 59,936,987 10,999,480
jo fonal 51,527,758| 65261464 8702886

Table J2: Resource Utilization at Avinor Regional and Local STOL Airports, in 2010 NOK.
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Annual

Annual Potential Potential
Reductions, 2002-2005 Increase, 2002-
Airport ail Important Benchmarks
Staff Costs =~ Other Costs e ER e
REVERES

Alesund AES 0 8,574,706 212,183 ABS KRS TOS
Alta ALF 8,940,722 14,248,731 1,783,724 HEN TOS
Evenes(Harstad-
Narvik) EVE 7,367,088 21,626,886 1,720,356 KRS AEBFN | TOS
Haugesund HAU 1,973,366 12,125,872 423,019 KRS HHANDS
Kristiansand KRS 577,12 2,531,780 632,401 KRS
Kristiansund KSU 10,249,843 14,833,901 579,045 HAKRS | TOS
Molde MOL 9,380,139 10,066,047 851,495 HFN TOS
Raros RRS 1,662,179 5,422,340 0 HFN KRS
Tromsg TOS Q q 0 TOS$
Total Annual,
2002-2005 40,150,460 89,430,21p 6,202,2P2

Annual
Annual Potential Potential
Reductions, 2006-2010 Increase, 2006-
Airport 2010 Important benchmarks
Staff Costs  Other Costs | Non-aviation
Revenues
Alesund AES 350,082 3,387,507 882,462 AES
Alta ALF 12,246,280 26,598,82[7 4,849,289 HEN AES WK
Evenes(Harstad-
Narvik) EVE 15,600,304 13,254,337 3,123,992 AES HFN
Haugesund HAU 1,817,297 7,204,5p7 5,112,¥54 AES KR&N
Kristiansand KRS 231,13p 0 1,289,2D7 KRS
Kristiansund KSU 13,122,007 17,425,454 1,139,724) IF AES| HFN| KRS
Molde MOL 9,399,204 1,724,347 3,237,994 AES IRJ TOHFN
Raros RRS 3,595,696 10,573,015 0 HFN
Tromsg TOS 0 a 0 TOS$
Total Annual,
2006-2010 56,362,005 80,168,013 19,635,113
Total Annual,
2002-2010 49,156,874 84,284,546 13,664,939

Table ]3: Resource Utilization at Avinor Regional and Local non-STOL Airports outsourcing
ground-handling and/or fuel sales.
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Annual Potential
Reductions, 2002-2005

Airport

Other
Costs

Annual
Potential

Increase, 2002-

2005
Important Benchmarks

Non-aviation
Revenues

Annual Potential
Reductions, 2006-2010

Airport

Other
Costs

Kirkenes KKN 0 0 KKN

Svalbard LYR 0 0 g LYR

Fagernes VDB 812,53pP 2,267,859 0 VDB KKN
Total Annual,

2002-2005 812,532 2,267,859 D

Annual
Potential

Increase, 2006-

2010
Important Benchmarks

Non-aviation
Revenues

Kirkenes KKN 0 0 0| KKN
Svalbard LYR 896,691 11,415,308 DLYR UAK GRZ
Fagernes VvDB| 294,203 747,624 78,139vDB UAK

Total Annual, J

2006-2010 1,190,893 12,162,934 78,139

Total Annual,

2002-2010 1,022,733| 7,765,123 43,410

Table J4: Resource Utilization at Avinor Regional and Local non-STOL Airports providing

ground-handling and/or fueling in-house.
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