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1. Introduction

Prior to the publication of the Performance Review Report 3 (PRR 3, 1999), the
Performance Review Unit and the EUROCONTROL Experimental Centre (EEC) started to
address the cost benchmarking for EUROCONTROL Member States Air Navigation
Service Providers (ANSPs).  The EEC note 07/00 presented a first attempt at
benchmarking the ANSPs/States1 costs, using an ad hoc statistical cost function model
using 1994-1998 data.  The aim of this note is to update the model that was developed, to
test its robustness, and to show the evolution of the benchmarking results between 1998
and 1999.

Basically, a cost function is a formula that represents the relationship between the total
costs of producing a given amount of output(s), goods or services, as well as the
quantities and prices of inputs used to produce this given amount of output(s).  Such
functions can be used to predict the future costs when the production level is changed or
when the input factors are used in different proportions.  It can also be used to benchmark
the economic efficiency of different providers within an industry.

Estimating the “real” cost function for the ANSPs/States is still not feasible.  The main
constraint is the lack of precise and detailed cost information (investments, level of assets,
cost of capital, number of staff, etc.).  However, it is possible, with a pragmatic approach,
to identify relevant variables that have an impact upon total costs and to weight them in
order to compute a predicted cost.

The function estimated in the EEC note 07/00 links the ANSPs/States total costs with:
•  The number of kilometres flown;
•  The average traffic density per ANSP/State;
•  The mean route length flown by an aircraft within the ANSP/State;
•  The percentage of overflying traffic in the State; and,
•  The time (as the estimation relies on 5 years observations).

Previous results allowed us to draw the following conclusions:
•  Economies of scale: size effect that makes it possible -all else equal- to produce at

lower cost when flights are controlled on longer distances.
•  Diseconomies of traffic density: density effect that tends -all else equal- to increase the

cost when flights are geographically concentrated.

                                                          
1 In most cases, there is only one ANSP per State.  Maastricht MUAC costs have been reallocated to the

contributing States (Belgium-Luxembourg, Germany and the Netherlands).
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Results were produced, for each of the studied ANSPs/States, showing the difference
between the observed costs and the predicted costs.

In December 2000, new costs and traffic data were available. This short paper focuses on:

•  A new estimation of the model (taking account of 1999 actual figures);
•  Checking the stability of the estimated parameters, and of the regression quality
•  Sensitivity tests on the number of years used for the estimation; and
•  A new estimation (for 1999) of the cost effectiveness for 18 ANSPs/States.

2. Estimation of the “ad hoc” cost function

Specification
The model specification remains the same:

Ln(Total Cost) = α0 + α1 ln(Kilometres) + α2 ln(Density) + α3 ln(Average route length) +
                              α4 ln(Percentage Overflights) + α5 Time + ε,

where ε is the error term, assumed to be identically and independently distributed (iid).

Data sample
The model has been calibrated on a sample of 18 ANSPs/States with total costs higher or
close to 100 million Euro and/or at least 70 million km flown.  ANSPs/States with less
traffic have been excluded from the sample as the model does not appropriately capture
their costs.

The ANSP/States included last year are all kept in the database, which has been updated
with 1999 operational and costs data.  Two other ANSPs/States, Greece and Romania,
which have in 1999 reached total costs higher than or close to 100 million Euro, have been
added.

The time frame for benchmarking ANSPs costs is shifted by one year (1995-1999), to
keep a time window of 5 years2.  Another possibility would be to add 1999 while keeping
data since 1994.  However, as the model does not capture all the elements that could
impact costs, and because in the long run it is likely that those elements change (traffic
concentration, airspace configuration, etc.), the five-year time window has been
considered as the preferred option.  For the sake of completeness, a model taking account
of the same ANSPS/States but relying on the 1994-1999 period is shown in Section 4.

                                                          
2 18 ANSPS/States over the 1995-99 period would make a total of 90 possible observations. However for

those States/ANSPs that were not part of the EUROCONTROL Organisation throughout the 1995-99 period,
only partial data was available.  As a consequence, the sample data consists of 76 observations.
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Estimation of coefficients
Table 1 presents the values of the estimated coefficients for the 1995-1999 period.

1995-1999
Adjusted R-square: 96.4%
Number of obs: 76

Beta Estimated
B

Standard
deviation

of B

T-Stat

Constant α0 -2.9775 0.6623 -4.4955
Ln(Kilometres) α1 1.0889 0.0544 20.0118
Ln(Density) α2 0.2245 0.0700 3.2067
Ln(Average Route Length) α3 -0.2154 0.0783 -2.7519
Ln(Percentage
Overflights)

α4 -0.2073 0.0679 -3.0514

Time α5 -0.0469 0.0161 -2.9108

Table 1:Estimation of the cost benchmarking model – Preferred model (1995-1999)

The signs and values of the coefficients are stable in comparison to the model presented
in PRR 3. This is a very promising result, and suggests that the model is quite robust.

The following economic interpretation of the results can be derived:

•  Diseconomies of traffic density, as the traffic increases by 10%, both kilometres and
density increases, which leads to a 13% costs increase (α1 + α2).

•  Economies of size can be inferred, since an enlargement of the controlled area would
lead to a proportional increase of kilometres controlled and of the average route
length, which results only in an 8.7% costs increase for 10% more kilometres
controlled (α1 + α3).

•  All else equal, a 10% increase of the percentage overflight would make total costs
decrease by some 2%.

•  During the period 1995-1999, a downward trend of around 4-5% per year in total costs
is observed.

3. Benchmarking results of the updated model (based on 5 years)

The updated results of Table 1 allow us to compute three main features:

•  The predicted costs for 1999 with respect to the observed costs for 1999 (fifth column
of Table 2 );

•  The predicted costs for 1998 based on the coefficients estimated with the 1995-1999
sample data (third column of Table 2); and,

•  The benchmarking evolution between 1998 and 1999 (last column of Table 2).

These features are summarised in Table 2 below:
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ANSPs
1998 benchmark

(based on 1994-1998)
1998 benchmark

(based on 1995-1999)
difference 

(absolute value)
1999 benchmark

(based on 1995-1999)

Performance 
Evolution

1998 - 1999
Austria 42.8% 39.6% 3.2% 56.8% 17.2%
Portugal 18.9% 16.8% 2.2% 17.3% 0.6%
United Kingdom 16.0% 23.5% 7.5% 12.9% -10.6%
Turkey 15.0% 15.5% 0.5% 40.6% 25.1%
Italy 5.3% 5.1% 0.2% -1.0% -6.1%
Belgium-Lux. 4.2% 2.7% 1.5% 0.6% -2.1%
Switzerland 0.2% 3.4% 3.2% 6.6% 3.1%
France 0.1% -1.9% 2.0% -4.8% -2.9%
Czech Rep. -2.7% -7.2% 4.4% -4.6% 2.6%
Denmark -6.8% -2.5% 4.3% 4.0% 6.5%
Cyprus -12.2% -17.7% 5.5% -17.9% -0.3%
Sweden -14.1% -14.4% 0.2% -7.0% 7.4%
Germany -16.0% -16.2% 0.2% -8.3% 8.0%
Spain -16.3% -15.7% 0.6% -15.7% 0.0%
Ireland -19.6% -21.2% 1.6% -22.5% -1.2%
Netherlands -22.8% -23.3% 0.5% -22.7% 0.6%
Greece n/a -42.2% n/a -4.4% 37.8%
Romania n/a 48.9% n/a 11.7% -37.2%

Table 2: Benchmarking results per ANSP/State

The changes in apparent cost effectiveness could be attributed to different factors.  In a
first stage, it is important to measure the impact of shifting the reference period on the
1998 benchmarking results.  In fact, the differences between the forecast for 1998 based
on 1994-1998, and the forecast for 1998 based on 1995-1999 data are marginal for most
of the ANSPs/States, which suggests that the model is fairly robust.  The difference
between the second and third column of Table 2 shows minor variations. The four
ANSPs/States that are the most affected by the time shift are:

•  UK, for which the new 1998 estimated cost is lower than previously, the gap between
observed and predicted costs is increased by some 7 percentage point.

•  Denmark, for which the new 1998 estimated cost is lower than previously, the gap
between observed and predicted costs is decreased by some 4 percentage point.

•  Cyprus and Czech Republic, for which the new 1998 estimated costs is higher than
previously, the gap between observed and predicted costs increased by some 5 and 4
percentage point, respectively.

To get rid of this factor in the analysis of the evolution from 1998 to 1999, the
benchmarking 1999 (fifth column of Table 2) is compared to the benchmarking 1998
estimated on the same reference period (1995-1998) (third column of Table 2).

The 1999 benchmark coloured in red highlights the ANSPs/States whose observed (i.e.
actual) costs exceed over 10% of the estimation; in grey between 0% and 10%; and in
green those that perform better than forecasted.  The same colour scheme is used for the
performance evolution 1998-1999 (last column of Table 2).
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Figure 1 below graphically displays the 99 benchmark results along with the evolution
between 98 and 99.
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Figure 1: Deviation of the observed costs compared to the predicted costs – Evolution 98-99

The 1999 results of the model suggest that Austria and Turkey, which already were among
the least cost-effective in 1998, have a further decline in their cost-effectiveness in 1999.
The apparently poorer performance of Austria is mostly linked to the reduction in traffic
due to the Kosovo crisis in 1999.  It conceals efforts made by the Austria ANSP to curb its
costs, and significant improvements are expected in the coming years.  Turkey further
reduction in cost-effectiveness is in part due to the stagnation of traffic and to a 20%
increase in costs.

Portugal and the United Kingdom are also quite far from their predicted costs but the
results of the model suggest that their cost-effectiveness has improved in 1999.

On the other side, Greece3, Germany and Sweden still look very cost effective in 1999, but
the evolution from 1998 (especially for Greece) suggests that their cost-effectiveness
advantage is weaker than in 1998.  Greece’s costs have increased by 85% between 1998
and 1999, but this was offset by a major reduction on delays, as noted in PRR 3.

                                                          
3 1998 and 1999 data for Greece have been added in the model this year as its performance in terms of

delays and costs now better matches other ANSPs (threshold of 100 million EURO has also been reached).
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“Efficiency” frontier
The classical approach in benchmarking is to compare performance with that of the “best
in class”.  In the absence of absolute cost-effectiveness references, the “efficiency frontier”
shown in the following graph indicates what is known to be economically feasible in terms
of cost-efficiency.  After controlling for differences between ANSPs/States, which the
econometric model is intended for, the model suggests that the cost-effectiveness of some
ANSPs/States is about 20% better than the average. Those ANSPs/States define the
“efficiency” frontier.

This frontier is represented in green on Figure 2, and corresponds to costs 20% lower than
the regression line.
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Figure 2: Estimated and observed cost – Regression line and Efficiency frontier

Overall, total predicted costs for the studied sample reach 3.4 billion Euro which, by
construction, are close to observed costs.  If all ANSPs/States could reach the cost-
effectiveness performance of the “best in class” (“efficiency” frontier), more than 700
million Euro could be saved annually.  The cost-effectiveness of individual ANSPs should
therefore be carefully examined.

Limitations of this study

The regression technique is meant to identify those systematic observable variables that
explain ANSP/States costs.  By assumption, the error term (residuals) from the regression
represents either purely random factors or systematic differences that can be attributed to
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unobserved factors.  However we are aware that other important factors are missing from
the model and that those factors do not always account for systematic differences
between ANSPs/States.  First, differences exist in the economic environment in which
ANSPs/States operate: exchange rate fluctuations and cost of living are factors that can
have a significant influence on costs, in particular for the ANSPs/States outside of the
EURO zone.  Second, differences exist in the allocation of costs between en-route and
terminal ANS: apparently high en-route costs may in some cases simply indicate that the
share of total ANS costs passed to en-route charges is above the average.  Finally, there
is a wide range of quality of service (e.g. delay) that is provided across ANSP/States and
this is not captured in the model.

Clearly, future research needs to be performed to see whether the present model is able
to accurately describe the true “efficiency” frontier.  In other words, future work is needed
to see to which extent unexplained cost differences capture true inefficiencies.  Such a
work could only be supported by appropriate economic information disclosure.

4. Stability of the model for different sample sizes.

Table 3 shows the results of the model estimated over the 1994-1999 period.

1994-1999
Adjusted R-square: 96.4%
Number of obs: 87

Beta Estimated
B

Standard
deviation

of B

T-Stat

Constant α0 -2.9190 0.6182 -4.7216
Ln(Kilometres) α1 1.1060 0.0496 22.2945
Ln(Density) α2 0.2048 0.0644 3.1798
Ln(Average Route Length) α3 -0.2567 0.0731 -3.5122
Ln(Percentage Overflights) α4 -0.2085 0.0613 -3.4003
Time α5 -0.0483 0.0123 -3.9378

Table 3:  Estimation of the cost benchmarking model (1994-1999)

The model is fairly robust to the variations in the length of the studied period. Between 5
and 9 years all the parameters remain relevant and allow for a stable interpretation.

•  However, as the years of historical data are added, the impact of the density variable
becomes less and less significant.  This might not be very surprising as in its present
form, this variable is the product of a concentration index computed for 1999 and the
traffic for the year n.  Over long periods it is likely that traffic concentration changes.
This result suggests that we should use a 5 to 6 years period model, as long as we do
not develop a concentration index for each year.

•  Working with less than 5 years, the time variable becomes statistically not significant.

•  Similarly, if the number of observations is considerably decreased, only kilometres and
density are statistically significant.
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5. Conclusions

The integration of the 1999 data into the cost model has strengthened the confidence one
can have in this econometric approach.  The quality of the regression remains at a high
level, and the estimated parameters allow for a stable economic interpretation.

The length of the reference period needed to estimate the model should be between 5 and
6 years.  Shorter periods reduce the sample’s size, and longer periods may not be
adapted to the hypothesis of stable network concentration.

As mentioned in the conclusions of EEC note 7/00, although the results of the model are
promising, the development of such a model often raises complex issues.  At this stage
the benchmarking results should be considered as indicating the need for complementary
analyses rather than as a definitive measure of ANSP cost-effectiveness.

More definitive assessment on the economics of ANS provision and on the relative
performance of ANSPs/States will only be possible with further dedicated research and
effective information disclosure on relevant input quantities and prices.
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Annexe

DATA :

Observed costs 1999
(EURO)

Predicted costs 1999
(EURO)

Difference

Austria 120,071,650 77,195,660 56%
Turkey 165,981,376 115,587,724 44%
Portugal 71,228,559 59,800,391 19%
Romania 89,795,761 78,064,214 15%
United Kingdom 621,983,308 554,745,413 12%
Switzerland 80,695,811 77,137,669 5%
Denmark 58,605,253 57,206,214 2%
Belgium 106,637,397 106,226,165 0%
Italy 390,310,800 392,843,297 -1%
Greece 101,584,000 104,393,740 -3%
Czech Rep. 32,460,683 33,718,369 -4%
France 729,271,000 767,076,779 -5%
Sweden 105,763,054 114,000,345 -7%
Germany 533,345,236 585,640,784 -9%
Cyprus 20,334,996 24,297,179 -16%
Spain 266,370,000 315,450,210 -16%
Ireland 48,877,000 62,762,979 -22%
Netherlands 89,302,548 115,246,506 -23%
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National Costs in Euro 1999 (including Maastricht contribution)
1995 1996 1997 1998 1999

Austria 104,801,582 105,618,752 102,975,153 122,526,446 120,071,650
Belgium-Lux. 106,510,837 107,890,521 110,813,707 103,162,652 106,637,397
Cyprus n/a n/a n/a 19,065,451 20,334,996
Czech Rep. n/a 24,994,408 22,560,735 23,539,504 32,460,683
Denmark 45,972,218 48,850,248 53,386,654 53,985,094 58,605,253
France 662,882,171 689,593,564 686,983,134 705,924,556 729,271,000
Germany 461,710,513 508,726,533 482,840,610 477,996,866 533,345,236
Greece 53,905,283 62,389,705 60,332,419 56,818,956 101,584,000
Ireland 41,482,351 43,946,766 45,464,552 46,276,735 48,877,000
Italy n/a n/a 342,097,083 346,247,659 390,310,800
Netherlands 64,718,542 68,336,576 77,638,634 83,930,969 89,302,548
Portugal 53,199,501 55,584,455 64,278,415 63,156,611 71,228,559
Romania n/a n/a n/a 72,435,936 89,795,761
Spain 230,637,459 238,580,895 241,075,590 245,631,148 266,370,000
Sweden n/a n/a 94,487,043 94,260,437 105,763,054
Switzerland 71,787,090 85,465,004 78,626,727 77,308,113 80,695,811
Turkey 99,581,840 164,231,693 190,285,071 148,127,787 165,981,376
United Kingdom 627,764,795 603,840,158 613,993,594 665,449,536 621,983,308

n/a= not available, observations for Greece in 95, 96 and 97 not used (c.f. main text).
Kilometres controlled

1995 1996 1997 1998 1999
Austria 132,084,759 144,199,069 153,892,945 141,684,977 130,711,052
Belgium-Lux. 117,315,453 121,323,808 126,210,690 132,209,684 143,061,060
Cyprus 50,453,102 50,416,325 52,909,902 55,018,239 60,313,672
Czech Rep. n/a 43,745,466 42,573,408 52,768,965 70,170,914
Denmark 77,330,556 85,663,633 91,300,433 97,860,932 104,479,043
France 882,065,127 930,012,073 984,638,154 1,053,456,588 1,150,761,134
Germany 595,430,580 631,019,177 677,211,252 718,614,102 758,465,185
Greece 163,531,779 186,303,832 194,810,952 193,432,554 208,168,257
Ireland 93,156,729 99,614,728 107,252,098 117,151,240 128,897,479
Italy n/a n/a 455,158,872 495,436,104 602,961,092
Netherlands 98,483,238 108,210,115 117,351,441 138,366,619 150,558,951
Portugal 103,084,706 106,485,163 111,123,827 119,679,352 136,340,703
Romania n/a n/a n/a 112,928,380 173,496,394
Spain 374,996,586 392,268,446 421,176,060 459,751,299 505,525,625
Sweden n/a n/a 181,262,428 198,078,215 208,835,668
Switzerland 85,098,228 92,918,946 99,972,193 104,929,083 109,719,532
Turkey 233,240,276 228,758,262 243,729,327 246,528,362 244,259,100
United Kingdom 476,335,747 510,018,564 537,224,155 584,354,430 620,898,325

Average distance controlled per flight
1995 1996 1997 1998 1999

Austria 205 210 210 185 173
Belgium-Lux. 161 157 160 146 146
Cyprus 303 304 296 306 316
Czech Rep. n/a 196 196 208 228
Denmark 158 159 161 172 181
France 451 457 455 454 463
Germany 305 305 312 305 306
Greece 493 524 524 519 498
Ireland 270 267 269 283 291
Italy n/a n/a 458 410 438
Netherlands 171 173 173 161 160
Portugal 429 438 435 432 437
Romania n/a n/a n/a 454 460
Spain 441 436 433 437 439
Sweden n/a n/a 331 316 332
Switzerland 106 109 111 111 113
Turkey 602 592 588 522 547
United Kingdom 295 304 305 310 312
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Percentage overflights
Countries 1995 1996 1997 1998 1999
Austria 64% 64% 66% 65% 65%
Belgium-Lux. 58% 57% 56% 57% 58%
Cyprus 74% 75% 77% 76% 76%
Czech Rep. n/a 63% 60% 65% 69%
Denmark 40% 40% 41% 39% 42%
France 40% 39% 39% 39% 39%
Germany 26% 27% 28% 31% 32%
Greece 33% 38% 38% 34% 31%
Ireland 56% 55% 55% 53% 54%
Italy n/a n/a 22% 26% 28%
Netherlands 37% 36% 37% 47% 50%
Portugal 47% 46% 47% 42% 44%
Romania n/a n/a n/a 84% 89%
Spain 27% 25% 24% 25% 25%
Sweden n/a n/a 27% 32% 29%
Switzerland 54% 54% 54% 55% 54%
Turkey 38% 32% 32% 41% 43%
United Kingdom 11% 11% 12% 12% 12%

Density
Countries 1995 1996 1997 1998 1999
Austria 3,080 3,363 3,589 3,304 3,048
Belgium-Lux. 5,289 5,469 5,690 5,960 6,449
Cyprus 1,464 1,463 1,535 1,596 1,750
Czech Rep. n/a 1,449 1,411 1,748 2,325
Denmark 1,180 1,307 1,393 1,493 1,594
France 2,835 2,989 3,165 3,386 3,699
Germany 3,557 3,769 4,045 4,292 4,530
Greece 1,526 1,738 1,817 1,805 1,942
Ireland 1,375 1,470 1,583 1,729 1,903
Italy n/a n/a 2,316 2,520 3,067
Netherlands 4,585 5,038 5,463 6,442 7,009
Portugal 1,129 1,166 1,217 1,311 1,493
Romania n/a n/a n/a 2,141 3,289
Spain 1,784 1,866 2,003 2,187 2,404
Sweden n/a n/a 1,406 1,536 1,620
Switzerland 2,925 3,194 3,436 3,607 3,772
Turkey 2,011 1,972 2,101 2,125 2,106
United Kingdom 3,023 3,237 3,410 3,709 3,941

Time
Countries 1995 1996 1997 1998 1999
Austria -4 -3 -2 -1 0
Belgium-Lux. -4 -3 -2 -1 0
Cyprus -4 -3 -2 -1 0
Czech Rep. -4 -3 -2 -1 0
Denmark -4 -3 -2 -1 0
France -4 -3 -2 -1 0
Germany -4 -3 -2 -1 0
Greece -4 -3 -2 -1 0
Ireland -4 -3 -2 -1 0
Italy -4 -3 -2 -1 0
Netherlands -4 -3 -2 -1 0
Portugal -4 -3 -2 -1 0
Romania -4 -3 -2 -1 0
Spain -4 -3 -2 -1 0
Sweden -4 -3 -2 -1 0
Switzerland -4 -3 -2 -1 0
Turkey -4 -3 -2 -1 0
United Kingdom -4 -3 -2 -1 0
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