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Abstract—The ownership form of Air Navigation Service cost efficiency. On the other hand public firms may reduce the
Providers varies across countries ranging from state agencies, to |level of information uncertainty; information which is required
semi-private firms with for-profit_ or not-for-profit mandates. in regulating such firms. [23] focus on the choice of public
;ngisaer?éctr;];ﬁcg\?vsneesrsﬂ?p tfr(‘)em:'”i ?r?et\greeetir;aflhgcgﬁg%ri?i?gge?f versus private provision of goods and services as a function of
: transaction costs. One of their conclusions is that neither public

suggests that effort to achieve efficiency will be higher in the case . . . .
of public companies with a board of stakeholders composed of MO private provision can fully resolve incentive problems that

airspace users and in the case of private companies in which arise from imperfect information. [15] develop a model in
stakeholders are also shareholders. A stochastic frontier analysis Which a provider chooses to invest in improving the quality or
estimation of the production and cost functions of 37 European reducing the costs of a specific service. The results of the
air navigation service providers over nine years suggests that the model suggest that the case for privatization is stronger when
public-private ownership form achieves statistically significantly quality-reducing cost reductions can be controlled through
higher efficiency levels compared to a governmental corporation  contract or competition, when quality improvements are
which in turn is an improvement over a state agency. important, and when patronage and powerful unions are a
problem. Hence, there would seem to be a basis for arguing
that there is a relationship between performance and ownership
. INTRODUCTION form.

ANSP performance, ownership, SFA

In this research, we develop in section Il an economic

Air traffic control provision is one of the last elements ofmodel in order to analyze the ANSP market and the potential
the aviation supply chain to be considered for liberalization. limpact of moving from a government agency to a more
the United States, where the Federal Aviation Administratiogommercialized setting. Next, in section Ill, this model is
serves the entire market as a single government agency, thessted empirically for the European air navigation providers by
has been a long discussion as to whether there is a needettimating econometrically both production and cost functions
commercialize or privatize the service ([24][25]). In Europe,and their relationship with ownership form. Section IV draws
the fragmentation of service provision, the home bias of eaatonclusions.
member state for the national provider, the monopolistic nature
of some of the air traffic control services, the network Il.  ECONOMIC MODEL
component of most services and the split incentives which |n this section we develop an economic model to
require the service providers to invest in new technologyinderstand the possible links between performance, regulation
without enjoying the direct benefits neither encourage cost neind ownership form. For this analysis we extend the theoretical
productive efficiency in Europe ([1] and [6]). model presented in [10] explaining the efficiency efforts of a

With respect to other industries, [2] analyze the combine&egmateq monopoly as a function of the objective of the
impact of ownership form, economic regulation andmonopolist gnd. the regulatory fra_meyvork in place. We assume
competition on airport performance using data envelopmerlipat thg ob_Jectlve of an ANSP IS .I|ke_ly to draw from three
analysis. The empirical results suggest that in the absence Wpderlying interests, namely maximization of consumer sur_plus
competition, public airports operated less cost efficiently thakCS) of thiNgl'I“nes (and indirectly passengers) with weight
fully private airports. In a competitive setting, public and fully parametey; ', maximization of profitsA"5¥) with weight

private airports operate equally efficiently, however privateparametery2">"' and national interest (NI) with weight

. . K . . . 2
airports set higher aeronautical charges. In an industry in Whicl, .o ya1enANPi The national interest represents two factors:
there is no competition given the current geographic 3

v status of the ANSPs. it i | heth bli irst the benefits of the union of ANSP personnel under the
monopoly status of the S, LIS unclear whether a publiC Qf ., higher wages and more relaxed working conditions and
private ownership form would stimulate innovation and Creat%econd the national manufacturers of air traffic control

a more product|ye sector [3]. On the one hand, private f'rmgquipment. This leads to the ANSP mixed goal function of firm
with access to financial markets may have greater interest lrbresented in (1)

£
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GoalAVsPi = yMNSPicg 4y MNSPig ANsP; (1)  the general form for price-cap and cost-plus regulation as
N yANSPiNI shown in (5). The charge depends on the weights given to the
3 . two types of regulation. The level of effort also plays a role.
de Igngon;rnas:td;tg Bolevr;l(:?suhiet ?grgot?), tm}e vxﬂggts r|1\;|)l\j\|/tial|se?/ve use a static formulation here where the realization of cost
as§um tions are ossiblepincludin 1) a ubli(; com panfor an individual ANSP does not affect the price-cap of that
P P : 9 M PANXNSP in the future years. Otherwise there will be strategic
ANSP,piic could strive for socially optimal decisions such thatbehavior by each ANSP and the price-cap will be less efficient

tf}&ssum oiNggnsurE%Pand producer surplus are maximizefle.a,se too much effort by one ANSP will have a negative
Y1 =Y, A =0; (2) a public company may ratchet effect on the price-cap of that ANSP. The price-cap is
attach a higher value to NI as a result of lobbying or fraug¢hanged over time but it is a function of the aggregate

Yg‘NSP >0; or (3) a private companyNSP,yac.coUld be performance of the ANSP’s in Europe and the change is not

influenced by the type of shareholders. Depending on tH@dividualized per ANSP.

shareholder composition, a higher weight may be placed PBhrarge(© = (1 = B)Deap + BPeosts

consumer surplusy?NSp > y?NSP (e.g. when airlines are —(1-B) E(totcost) | ptotcost _ , o Bc(e) (5)
D

represented on the board) or on pr@ﬁysp < y?NSP (e.0. E®)

when pension funds are shareholders). The same argument ni@ythe second line of (5), A stands for the first term that is

also hold true for public companies in which the consumers adnstant and exogenous because it is the cost and demand
represented on the board. expected by the regulator that is used for the price cap, while

. ) only the second ternB¢(e)) is influenced by the ANSP.

We assume that the production costs to provide air por this analysis, we use two additional assumptions. First,
navigation services can be broken down into three componentses assume that A and B are given, this means that the price cap
a fixed ANSP cost per flight-km controlled an imperfectly  gng the mix of price cap and cost plus regulation is given.
observable cost componefitthat varies as a function of the gecond, we assume that the national interest groups prefer the
complexity of the airspace managed and differences i8iatus quo as they were well served in the period before the
operational practices and an imperfectly observable coghange in European regulation. Assuming national interest was
reduc_tlon potentlf_;\b or efficiency expressed in average COStShistoricaIIy the main ANSP incentive, we have set the
per flight-km. This leads to the ANSP cost per flight-km jmportance of national interest proportional to the costs of
controlled expressed in (2). efficiency effort. This reflects the idea that adding consumer
ce)=a+6—e ) ;urplus ingentives fand prof_i§ incentivgs_ on top of the ngtional

interest will require additional efficiency effortsp is

The ANSP operating costs are expressed in (3) in which iy ced 1o interpre)t;NSPi as a share of the actual costs in
represents the total number of standardized flights. (6)

ocC =D- =D 6 — 3
ANSP cte) (@+ 2 ®) ANPS ANPS ANPS @_ez (6)
2

For the management and personnel of the ANSP, effert 3 INI = -y, " 7'SC(e) = —y, 'D
costly in terms of stress and longer hours but such costs are not Applying the two assumptions, we derive the efficiency
represented in the accounting system. We represent thiffort e that is optimal from the point of view of the ANSPs,
subjective cost as a quadratic functioit, defined in (4), assuming fixed demand, by differentiating the objective
which means that exerting more effort becomes increasinglynction 7 derived from equation 1 with respect to efficiency
costly. We further assume that the costs of effort are higher f@ffortse and applying equations 5 and 6:
relatively larger ANSPs, hence we include the demand, ,..p.

- GoalANSPi =
parameteD to represent the scale of operations.
ylANSPiE(pmax - pcha‘rge) + VZANSPi (5 (pcharge - C(e)) -
P-e? 4)

2 SC.) —v"risc, (M

The ANSP also receives an income, which depends on thehere the change in consumer surplus equals the difference
regulated charge permitted. Current SES Il regulation i®etween the maximum price (the price cpg)) and the price
influenced by both price-cappd,) and cost-plus pegt) — actually set Penarge)-
regulatory approaches. Under cost-plus regulation, the ANSP Consequently, (8) estimates optimal ANSP efficiency
charges are equal to the total accounting cost divided by traffRffort as follows.
served plus a cost mark-up on capital which allows ANSPs to .
make a small profit. Under a price-cap, charges are determined €=
by expected costs and demand. Cost efficiency incentives are
very different in the two systems. In a pure cost-plus system, . ) o o
all ‘costs are covered so incentives to make large efforts to Based on equation 8, we find that effort is increasing in the
reduce costs are low. In a price-cap system, any average céight attached to consumer surplyg'{’ *). Airlines, the
realization below the price cap becomes a profit. Hence we usensumers of ANSPs, have a strong interest in lower costs.

SC(e)=D -

ANSP; ANSP; ANSP;
Y, 1+B(Y1 l_YZ l)

ANSP; ANSP; (8)
(v, =~ '+yz; Do

€
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Hence if the ANSP places a higher weight on its’ consumers, foute flight hours and terminal movements is somewhat
will have a stronger interest in reducing costs and exertingrtificial and relatively crude. The goal is to reduce
efficiency efforts. Effort is decreasing in the weight attached tgotential bias due to variation in boundaries between en-
national interesty;"*"%). If there is a strong home bias, for route and terminal activities among ANSPs. However, the
example towards local intermediate good suppliers, or if thereomposite flight hour measure may also suffer from bias as
is a strong labor union lobby, the ANSP is less interested iit rests on the accuracy of aggregate costs at the European
reducing its cost. This is to the benefit of the home suppliedsevel. Previous studies (e.g. [22]) have documented that
and labor lobby. The influence of the weight attached to profisignificant bias may also exist in the composite flight hour
on effort depends on how close the price regulation resemblesrgasure due to the existence of cross-subsidization
price cap. The effort is highest in the case of a pure price capetween en-route and terminal control activities.
but decreases when cost plus is applied too (representingCansequently, unlike previous econometric benchmarking
higherB value in (5)). We now return to the role of ownership.studies, we estimate the activities separately. This does
If state agencies care more about national interest (higtbme at the cost of a less reliable cost break down with

(y;‘NSP Y coefficient) then the effort level in 8 will be lower respect to the two activities. Furthermore, we estimate
than when a government corporation has consumers on theth productivity and cost functions whereas only the

board: a highylANSPi weight will increase the cost reduction latter has been published to date. The economic theory

effort.. If the private firm is controlled by private shareholders2derlying the estimation of a cost function relies on the

it in int ¢ fit h.g)éuvgpi dif th . assumption that firms minimize costs subject to the
its main interests are profits (hi ) and if the price-cap available technologies. However, this may be less relevant

is weak, the firm will invest effort in achieving efficiency but for ANSPs because, despite a large majority being
hot necessarlly_low prices. a monopolist prefers a hl_gh p“_cgorporatized public entities, they are also statutory
when demand is not elastic. A government corporation with !

. i . - li d til 2009 ti d full
airlines on its board may be as productive and cost efficient ag rOPOTIEs and ub uny Were operating uncer a tu

. : Y . . ost recovery regime. The price cap incentive regulation in
a private firm but this will be translated into lower prices and . y reg p p &
lace since 2010 is set at the European level and appears to

higher consumer surplus rather than high profits. This mearﬁsave olitical issues in settine strong price caps. suseestin
that reality may be more complex than the simple P g gp Ps, SUg§ &

L s . .~ that the impact has been weak [6]. Therefore, it could be
public/private classification of ANSP’s: the type of price ! : :
regulation as well as the ownership structure matter for th%rgued that mo.St. ANSPs face r?latlve]y We.ak mcentlves. to
efficiency incentives. As price regulation is the same for alfhsure an. Efﬁ.aent use of inputs during the period
ANSPs, it is of interest to check if performance is indeed §onsidered in this analysis.
function of ownership form. We focus on this question in the This section is structured as follows. In section A, we
next section. present the methodological modelling approach relevant to
analyze the air traffic control market. In section B, we
discuss the dataset and the approach taken to construct the
variables for the cost and production functions. Finally, in
section C, we present the results of the estimations.

I1l.  ECONOMETRIC ESTIMATION OF THE COST AND
PRODUCTION FUNCTIONS OFANSPs

In this section, we conduct an econometric study in
which we analyze ANSP data mainly drawn from the
Performance Review Unit’s air traffic management cost-
effectiveness (ACE) reports. The inputs consist of labor,
capital and non-staff operating inputs, the outputs consist

A. Stochastic frontier analysis

The model published in [4] analyzes panel-data, which
accounts for potential heteroscedasticity and includes

of total flight hours controlled en-route and IFR airport
movements.

We build on earlier literature in the econometric cost-
efficiency benchmarking of ATM in Europe including [26]

explanatory variables in the inefficiency distribution. The
production model in [4] defines inefficiency as in equation
(9) and output as in (10). In these equations y;;, X,
represent the output and the exogenous explanatory
variables n for ANSP 7in year ¢ The inefficiency term u;; is

with earlier contributions by [17] and [18]. We extend the
previous studies in a number of ways. First, we have
collated the newest performance data that has become

half normal distributed and positive with mean z;.6. The
error term is v;;:

available since the previous studies but removed the oldest ui~N* (26, 03) 9)
data because of changes in the data collection procedures,
thus the dataset spans the years 2006 to 2014 inclusively. E(ny;) = Bo (10)

Second, we estimate two cost and two production
functions, per en-route and per terminal control. Previous
studies estimated a joint cost function for en-route and
terminal provision, known as gate-to-gate provision,
utilizing an aggregate output measure referred to as
‘composite flight hours’. However, the aggregation of en-

+ Z .Bn In Xnit

+ E(ve) — E(ug)
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o)

= Bo +Zﬁnlnxnit_ Zi’t.6+7
- (D( it )

Oy

where @(-) and ®(-) are the density and cumulative
distribution functions of the standard normal variable
respectively. We apply the same model to estimate a Cobb-
Douglas cost function, which represents a log-linear
relationship between cost, input prices, output level and
exogenous drivers!l. The relationship can be written as
specified in (11).

(L) = By + By I Yie + Tare B (L) 40y + 1

Wkit Wkit

(11)

where costs E;; are logarithmically transformed. The
explanatory variables W,;; are normalized and
logarithmically transformed factor prices k& per unit 7 per
year tand the output level is y;;. The explanatory variables
should be uncorrelated with the error term as they are
determined exogenously to the production and cost
relationships. The error term is decomposed into a noise
term v;; and an inefficiency term u;. The noise term is
usually assumed to be random with zero mean, whereas
the inefficiency is strictly non-negative and assumed to
follow a half-normal, truncated-normal or exponential
distribution.

In order to estimate the en-route air traffic control

production function we solve (12) and (13)
simultaneously.

In(IFR flight hours;;) = By + f1In(ATCO;;) +
Baln(sectors;,) + Bsln(seasonality;,) + 12
Ban(complexity,,) + Vi — Uy (12)
U;s = 6,In(complexity);; + 6,ownership[corp];; (13)

+ §sownership[agency];;+T;:

where 7refers to the / ATC provider; ¢represents the year
of the observation; In represents a natural logarithm; V;
represents identical and independent error terms with a
normal distribution N(0,0%); Ui represents the inefficiency
term in the form of a truncated normal distribution with
mean (zi) as in (9) and is a function of environmental
variables (complexity and ownership form); 7;; is a random
variable defined by the truncation of the normal
distribution (with a mean of zero and constant variance).

Uy is expressed without an intercept which means that
there is no constant element of inefficiency that is identical
for all units at all times given the level of heterogeneity. The

! The advantage of the Cobb-Douglas specification is its duality property and

estimates for the terminal data will be similar but with the
appropriate variables as displayed in table 2.

B. European ANSP dataset

We derive most of the data from the air traffic
management cost-effectiveness benchmarking reports,
which contain information on ANSP costs and revenues
each year, reported separately for en-route and terminal
control. They also report the output measures including
instrumental flight rules (IFR) controlled in kilometers and
in hours en-route and movements around airports. Detailed
input components include annual employment costs for air
traffic controllers (ATCO) and support staff, the hours
worked in air control centers, towers and approach centers
and the net book value of fixed assets on the balance sheet.
Airspace characteristics reported per ANSP include the
maximum number of en-route sectors, traffic density,
seasonality (equal to traffic levels in the peak month
divided by average monthly traffic), size of airspace in
square Kilometers and traffic complexity. The complexity
index represents an aggregate of structural complexity
(derived from vertical, horizontal and speed interactions)
and adjusted density. Indicators related to institutional
settings include the form of ownership? with a distinction
between a state agency [AGENCY], a government-owned
corporation [CORP], or a public-private joint venture which
is the default in equation 13. Relevant economic indicators
include the purchasing power parity index, intermediate
goods and energy price index, exchange rates and inflation
rates.

Data quality is an important element of the statistical
analysis. Many of the numbers were collected manually
from annual reports which increases the probability of
errors. In addition, there may be inconsistencies in the
numbers reported for one ANSP over time. In a few
instances, this is caused by a change in the construction of
the indicator. We conducted checks on the evolution of all
relevant indicators per ANSP and applied corrections
where necessary based on the imputation technique, with
linear interpolation of values for one variable based on the
evolution over time for another variable3. We found errors
in the reports and have corrected them accordingly. We
note that from 2006 to 2008 and in 2010, the number of
flight kilometers published in the reports is defined as
‘distance’ whereas other years utilize flight km. The
‘distance’ variable was incorrect for MUAC, Germany,
Belgium and the Netherlands due to double counting. We
note that the IFR airport movements reported for Greece in
2014 is three times higher than in 2013 which could
represent an error. Finally, new variables were added to
the reports from 2010, including seasonality. We assume

simplicity. Furthermore, since all the models proved to be statistically”™ In general, most European ANSPs fall under government-owned
significant, there was no need to move to the more flexible translog functiorcorporation.

The functions are also useful for defining the air traffic control function in3 For example, evolution of “staff cost in en-route control” for Finavia is
ongoing work modeling air navigation service provision within a gameimputed using interpolation based on the evolution of “total cost in en-route

theoretic framework. control” for Finavia.
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that the 2010 values remained consistent in the earlier
years. In addition, we assume that the maximum number of
sectors remains constant. We also dealt with missing data
through imputation based on linear interpolation of values
for the same variable in neighbouring ANSPs (or
countries)* After performing these checks, we obtain a
representative panel dataset of 37 ANSPs covering nine
years (2006-2014), with no drastic jumps or structural
breaks over the years. The panel is close to being balanced
although ARMATS (Armenia) is missing for the years 2006
to 2008. The dataset is available from the authors for
purposes of replicability.

From the dataset, we construct a number of indicators
that are applied in the SFA as listed in Tables 1 and 2.

Table 1: Variables in stochastic frontier cost function

Dependent Variable

| total cost/cost of operation index

Independent Inputs

Output total IFR flight hours controlled (en-route) and
total IFR airport movements (terminal)

Labor (total staff cost/ATCO hours)/ cost of operatipn
index

Capital ((depreciation cost + cost af

capital)/(NBV/capital goods price index))/cost p
operation index

Environmental variables

Airspace characteristics | seasonality, complexity

Ownership form governmental agency,

private firm

corporation,

. . intermediate goods and ener; rice index
where the cost of operation index = & - &P )

purchasing power parity

PPP= and NBV=net book value.

exchange rate

In order to ensure comparability, monetary indicators
are standardized using purchasing power parity and a cost
of operation index. Standardization ensures that the
econometric cost function is homogeneous and in
alignment with the underlying economic theory on
production and cost functions [13].

Table 2: Variables in stochastic frontier production function

=

publ|c-

Dependent Variable

3

En-route Terminal
total IFR flight hours| total IFR airport movement
controlled

Independent Inputs

Labor ATCO hours in air control ATCO hours in approach
centers centers and towers

Capital maximum number of er]- (NBV/ capital goods price

route sectors index)*PPP

Environmental Variables

Airspace seasonality, complexity

characteristics

Ownership government agency, corporation, public-private firm
form

Finally, we apply a logarithmic transformation to all
continuous variables because of the log-linear
characteristic of the Cobb-Douglas models.

C. Estimation of stochastic frontier cost and production
functions

We implement the estimation in STATA, using the
tailor-made SFPANEL package [7]. We tested a number of
alternative specifications including SFA with time decay in
the inefficiency term [5], SFA with exogenous drivers
affecting the distribution of the inefficiency term [4] and
the true fixed effects model with time-variation in the
inefficiency term and unit-specific intercepts [14]. We only
present the results of [4] specification as this model
provided the most promising estimations, although none
were materially different. We estimate all models with
robust standard errors to account for possible
heterogeneity in the noise error term despite the increase
in estimated standard errors and reduction in the statistical
significance of the results obtained.

In Table 3 we present the results of the stochastic
production and cost functions for en-route operations and
in Table 4 we present the equivalent for terminal
operations. Each of the SFA production and cost estimates
in Tables 3 and 4 include two models. The first model does
not limit the average distribution of the inefficiency. When
such a model was not able to explain the inefficiency (o
was not significant), we include explanatory variables to
describe the mean of the distribution of the inefficiency.
The 0, and A in Models 1 are usually insignificant hence the
complexity and ownership variables are clearly an
important element in explaining ANSP inefficiency levels
(except for the analysis of the terminal production function
in which g, of model 1 is significant).

All variables in the Cobb-Douglas functions proved
highly significant across all models. With respect to output,
it is clear that there are small economies of scale ranging
from 10 to 15%. In the cost analyses, labor is significantly
more important than capital which represents their
proportions in the total cost functions. The environmental
variables are also highly significant and with the expected
signs. Seasonality and complexity both increase costs as
expected. However, complexity both increases costs but
also reduces inefficiency. We assume that additional
complexity would appear to require a consistent and
professional management that is better able to utilize labor
resources. Furthermore, it would appear that the public
private partnership model creates substantial incentives,
since the government ownership form variables decrease
efficiency levels. This seems to suggest that under
government ownership a relatively high weight is placed on
national interest, such as local suppliers and labor unions.
This is confirmed by analysis focusing specifically on the
role and preferences of unions (see [9]). The agency

4 For example, we impute missing values on “cost of capital” for Croatiavariable represents ANSPs that in general belong to the

based on observations in Serbia and in Slovenia.
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Department of Transport or Civil Aviation Authority and
are the most directly connected to the government.

Based on the results of Models 2 of the en-route analyses,
Fig. 1a and 1b present average production and cost
efficiencies for the 37 countries over the nine years of
analysis, and Fig. 2a and 2b present the average production
and cost efficiencies per ANSP.

Table 3: En-route frontier cost and production functions estimates

Enroute, cost

Enroute, production

Para Label Modell Model 2 Para. Label Model 1 Model2
Estmate SE E stmate SE Estimate SE Estimate SE
Elasticities
xy (Total IFR flight hours _ . - .
B1 o€ cont'rolii) 0919 ** 0.016 0.905 ** 0.018 B,  xy(Labor) 0451 *=* 0.074 0423 **  0.060
B,  x2(Labor cost) 0.385 ** 0.035 0.417 *=* 0.041 B,  x2(Enroute sectors) 0582 **  0.084 0.520 **  0.064
g, ¥3(Capitalcost) 0216 ** 0.021 0.218 ** 0022

Ewv rormental variables
Bz Z (Seasonality) 1379 ** 0.192 1.686 ** 0214 By
Bz; Z2(Complexity) 0.700 ** 0.153 Bz,

Exogenous inef ficiency determinantsa

Z3 (Seasonality)

Z; (Complexity)

-1.017 ** 0232 -2.492 ** 0200

-0.989 **  0.102

8,  Zy (Complexity) -0.846 ** 0.133  [6;  Z,; (Complexity) -1553 **  0.102

8y Zy(Ownership gov/corp) 1.596 ** 0.337 5, Z. (Ownership gov/corp) 2935 =+ 0225

s Z,3(Ownership agency) 1.563 ** 0344 655 Zu3(Ownership agency) 2623 *=* (232
sigma_u 0.080 2463 0.296 ** 0.025 sigma_u 373 25244 0.340 **  0.023
sigma_v 0.327 ** 0.013 0.181 ** 0.022 sigma_v 0271 ** 0.029 0.142 **  0.019
lambda 0.246 2.466 1633 ** 0.041 lambda 13745 25237 2395 == 0.037
Log Likelihood -97.510 -57.280 Log Likelihood -150271 -59.249

A */** next to coefficiert mdicates sgrificance at the 3%/1%level.

* Apositive efficierncy score parameter estimate shows that the variable has a regative effect on efficiency
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Figure 1a: Average production efficiency for en-route ANSPs from 2006 to

2014
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Figure 1a suggests that the efficiency estimates
gradually improve from 0.4 to 0.55 with a dip in 2009 due
to the financial crisis which reduced air traffic movements
substantially. Efficiency scores in the cost analysis of Figure
1b are also slightly higher, ranging from 0.52 to 0.65.
Figures 1a and 1b therefore indicate that cost efficiency
trends over time are positive although still lie at around
40% inefficiency on average by 2014. This means that the
average ANSP is 60% less production efficient than the best
performing ANSP and 45 to 40% less cost-efficient than the
best performing ANSP. On the other hand, the averages
mask large, statistically different estimates across the
ANSPs, as presented in Fig. 2a and 2b.

When comparing efficiency levels across ANSPs, as
presented in Figures 2a and 2b, we see that the efficiency
levels of ten of the ANSPs lie above 0.7 with MUAC, NATS
and SkyGuide at the top. Eighteen of the smallest ANSPs
scores lead the bottom of the rank with efficiency estimates
below 0.4. As noted above, the cost analysis scores are
slightly higher so that only seven countries are below 0.4.

Figure 1b: Average cost efficiency estimates for en-route ANSPs from 2006-

2014
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hence aggregate air traffic control procedures at large hub
airports and small, regional spokes may lead to less reliable

comparisons.
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Figure 2a: Average production efficiency estimates per en-route ANSP
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Figure 2b: Average cost efficiency estimates per en-route ANSP
Table 4: Terminal frontier cost and production functions estimates
Terminal, cost Terminal, production
Para. Label Modell Model 2 Para. Label Model 1 Model 2
Estimate SE Estmate  SE Estimate SE Estimate SE
Elasticities
By  x:(IFRairportmovements) 0841 ** 0020 0874 ** 0019 By x (Labor) 0.537 * 0029 0.594 **  0.031
By,  X:(Labor cost) 0454 ** 0037 0492 ** 0043 B, X2 (NBV) 0472 ** 0020 0390 ** 0270
p; % (Capital cost) 0072 ** 002 0053 ** 0013
Environmental variables
Bs  Z;(Seasonality) 2337 ** 0210 2310 ** 022 Bs  Zy(Seasonality) 2884 ™ 0155 -3.147 ** 0.037
Bs  Z (Complexity) 0.194 * 0.080 Bs  Z;(Complexity) 0072 * 0172
Exogenous inef ficiency determinantsa
&  Zua (Complexity) 0548 ** 0077 5, Zu (Complexity) -0.640 0.933
8, Zu(Ownership gov/corp) 1280 == 0164 | 5, Za(Ownershipgov/corp) -0.369 1.025
5 Zu3(Ownership agency) 1372 %= 0171 | 5, Za(Ownership agency) 0441 1.22
sigma_u 1180 1521 0418 **  0.026 sigma_u 1022 #0235 0565 * 0.282
sigma_v 0246 ** 0035 0082 **  0.024 sigma_v 0.184 *  0.012 0230 ** 0.017
lambda 4401 ** 1498 5068 **  0.037 lambda 5543 = 0236 2453 ** 0.279
Log Likelihood -135.581 -101.612 Log Likelihood -71.139 5212

A */** next to coefficient ndicates significance at the 5%/1% level.
¥ A posttive efficiency score parameter estimate shows that the variable has a negative effect on eficency
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The terminal cost function shows that all variables are
statistically significant with the expected signs. The second
model proved the most relevant with both complexity and
ownership form explaining the levels of inefficiency. Again,
small economies of scale are estimated at 12 to 15%.
Increased complexity improves efficiency levels, which may
indicate supplementary economies of scale caused by the
additional workload required to handle the complexity.
Ownership form also impacts terminal ANSP activities with
the agency approach causing slightly higher levels of cost
inefficiency compared to the government corporation
which in turn adds substantial cost inefficiency above and
beyond the public-private form. However, terminal
production would not appear to be impacted by the
ownership form and model 1 is sufficient.

Figures 3a and 3b present changes in terminal
efficiencies over time. Terminal control providers suffered
substantially in 2009 as a result of the financial crisis and
subsequent reduction in air traffic movements. The largest
impacts are clearly shown with respect to the production
function which suggests that the ANSPs had difficulty
recovering until 2014. Average cost efficiency levels were
also impacted in 2009 but gradually improved. However,
we also note that average cost efficiency estimates peak at
around 0.59 by 2014 and although the trend is positive, the
levels of inefficiency are rather substantial.
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Figure 3a: Average terminal production efficiency estimates from 2006 to

2014
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Figure 3b: Average terminal cost efficiency estimates from 2006 to 2014

Whilst the average production efficiency estimates i
around 0.8 in 2014, this masks large heterogeneity between the

relatively better than some of the Western European countries,
including Sweden and France.

V. CONCLUSIONS ANDFUTURE DIRECTIONS

In this research we focus on the effect of ownership form
and airspace characteristics on ANSP performance in Europe.
Based on a simple economic model, we learn that effort and
efficiency will likely be higher in the case of public companies
with a board of stakeholders and in the case of a private
company where stakeholders are also shareholders, as is the
case with MUAC, NATS and Skyguide. Strong national
interest encouraging technology purchases from local suppliers
or powerful labor unions, on the other hand, decrease
efficiency.

We also estimate econometrically the cost and production
functions of 37 European ANSPs over a nine year timeframe.
The coefficients are significant and present the expected signs.
We note that input prices for labor costs (wages) seems to carry
a greater importance in comparison to capital costs. This
observation may be explained by the higher share of labor costs
at the ANSP total cost level. With respect to the cost function
and economies of scale, we find that a 10% increase in traffic
given airspace size corresponds, on average, to a cost decrease
of around 12%. Structural differences in air traffic
characteristics between ANSPs are important in explaining
productivity and efficiency performance differences.
Seasonality and traffic complexity seem to be particularly
relevant. The results of the models also show that complexity
explains inefficiency levels but perhaps in an unexpected
direction. Given the significant and negative value of the
parameterthis suggests that the managers of ANSPs handling
higher levels of complexity are more efficient.

We find, consistently, a negative time trend in levels of
inefficiency suggesting that, on average, the Single European
Skies initiative has been encouraging improvements in cost and
productive efficiency over time although much work remains.
The significance of the ownership variables in most of the
results clearly shows that the choice is fundamental and
impacts the production process directly and the level of
inefficiencies too. We find that private-public partnerships
achieve significantly higher productivity and cost efficiency.
This suggests that governmental agencies and corporations
attach a much higher weight to national interests than to the
airspace users.

Future directions include expanding the dataset to cover the
United States (at the level of the air route traffic control
centers), Canada, Australia and New Zealand in order to
further develop the analysis and better understand the impact of
fine-grained differences in ownership form and the potential

e1‘or economies of scale.

ACKNOWLEDGMENT

providers (not shown for the sake of brevity). Cost efficiency

estimates range from 0.12 for the Armenian ANSP to 0.92 in
Switzerland and Germany. The efficiency estimates show

This research was undertaken as part of the COMPAIR
groject. This project has received funding from the European

mix across the continent with Slovenia and Croatia performin{/nion’s Horizon 2020 research and innovation programme

, A
SESAR

Seventh SESAR Innovation Days, 28™ — 30" November 2017

under grant agreement No 699249. The authors would like to

€

EUROCONTROL



thank the participants of the Air Transport Research Societi}3] Coelli, T.J., Rao, D.S.P., O'Donnell, C.J. and Battese, G.E., 2005. An
Conference held in Antwerp in July 2017 for their helpful
comments.

(1]

(2

(3]

(4]

(5]

6l

(7]

(8]

19

[10]

[11]

[12]

SESAR’

[14]

REFERENCES

Adler, N., Hanany, E. and Proost, S., 2014. Managing European Ajf15]

Traffic Control Provision. In Fourth SESAR Innovation Days, 25th—-27th
November 2014.

Adler, N. and Liebert, V., 2014. Joint impact of competition, ownership[16
form and economic regulation on airport performance and
pricing. Transportation Research Part A: Policy and Practice, 64, pp. 92-
109.

Armstrong, M. and Sappington, D.E., 2007. Recent developments in thig7
theory of regulation. Handbook of Industrial Organization, 3, pp.1557-
1700.

Battese, B. and T, Coelli., 1995. A model for technical inefficiency[18
effects in a stochastic frontier production function for panel data.
Empirical Economics, 20, pp. 325-332.

Battese, G. and T, Coelli., 1992. Frontier production functions, technicgl19
efficiency and panel data: with application to paddy farmers in India.
Journal of Productivity Analysis, 3, pp. 153-169.

Baumgartner, M. and Finger, M., 2014. The Single European Sky
gridlock: A difficult 10 year reform process. Utilities Policy, 31, pp.289-
301.

frontier analysis using Stata, The Stata Journal. [

Bilotkach, V., Gitto, S., Jovanayi R., Mueller, J. and Pels, E., 2015.
Cost-efficiency benchmarking of European air navigation service
providers. Transportation Research Part A: Policy and Practice, 77, p?23
50-60.

Blondiau., Glazer A., Proost. S., (2017), Air traffic control regulation
with union bargaining in Europe, forthcoming in Economics of
Transportation.

Blondiau, T., Delhaye, E., Proost, S. and Adler, N., 2016. ACCHANGE: 25
Building economic models to analyse the performance of air navigatiorL
service providers. Journal of Air Transport Management, 56, pp. 19-27.

Button, K. and McDougall, G., 2006. Institutional and structure changef26
in air navigation service-providing organizations. Journal of Air
Transport Management, 12(5), pp.236-252.

Button, K. and Neiva, R., 2014. Economic efficiency of European air

traffic control systems. Journal of Transport Economics and
Policy, 48(1), pp. 65-80. .

[24

]

]

|

]

[20]

[21]
Belotti, F., Daidone, S., llardi, G. and Atella, V., 2012. Stochastic
22]

]

]
]

]

Seventh SESAR Innovation Days, 28™ — 30" November 2017

introduction to efficiency and productivity analysis. Springer Science &
Business Media.

Greene, W., 2005. Reconsidering heterogeneity in panel data estimators
of the stochastic frontier model. Journal of Econometrics, 126(2), pp.
269-303.

Hart, O., Shleifer, A. and Vishny, R.W., 1997. The proper scope of
government: theory and an application to prisons. The Quarterly Journal
of Economics, 112(4), pp.1127-1161.

Lewis, I.LA. and Zolin, R., 2004. The public to private continuum
measure and the role of stakeholder boards as a proxy for markets in the
governance of air navigation services: a comparative
analysis. International Public Management Review, 5(2), pp.52-77.

NERA Economic Consulting, Cost benchmarking of air navigation
service providers: A stochastic frontier analysis, Final Report,
November 2006.

Nero, G. and Portet, S., 2007. Five Years Experience in ATM Cost
Benchmarking. In 7th USA/Europe Air Traffic Management R&D
Seminar.

Performance Review Commission, 2006. Report on Complexity Metrics
for ANSP Benchmarking Analysis.

Performance Review Unit, 2013. ATM Cost-effectiveness (ACE) 2011
Benchmarking Report with 2012—-2016 Outlook. Report Commissioned
by the Performance Review Commission.

Performance Review Unit, 2016. ATM Cost-Effectiveness (ACE) 2014
benchmarking report with 2015-2019 outlook.

Price Waterhouse Coopers, 2001. Study of the Terminal charges for air
traffic control services, Commission of the European Communities.
Retrieved at: http://www.transparency.org/research/cpi/overview.

Sappington, D.E. and Stiglitz, J.E., 1987. Privatization, information and
incentives. Journal of Policy Analysis and Management, 6(4), pp. 567-
585.

Kettl, D.F. and Dilulio Jr, J.J.,
Brookings Review, 13(4), pp.40-43.

Treanor, J.L., 1997. Privatization v. Corporatization of the Federal
Aviation Administration: Revamping Air Traffic Control. Journal of Air
Law & Commerce, 63, pp. 633-676.

Veronese, B., Conti, M. and Pesendorfer, M., 2011. Econometric Cost-

Efficiency Benchmarking of  Air Navigation Service
Providers. Competition Economists LLP (CEG).

1995. Cutting government. The

€

EUROCONTROL





