	
[image: image1.png]A

GAP|





German Airport Performance


	
[image: image2.png]Hochschule fiir
Wirtschaft und Recht Berlin

Berlin School of Economics and Law






Capacity Measurements in the Airport Sector: Using Declared Capacity instead of Conventional Benchmarking Methods  
Ph.D. Cand. Tolga ÜLKÜ

Humboldt University, Berlin, Germany

tolgaul@yahoo.com


Prof. Dr. Jürgen MÜLLER

Berlin School of Economics and Law, Berlin, Germany

jmueller@hwr-berlin.de

Abstract: Capacity measurement and efficiency benchmarking studies for airports have traditionally relied on econometrical approaches such as Data Envelopment Analysis (DEA) and Stochastic Frontier Analysis (SFA). Within these models, variables used to quantify infrastructure inputs, like the number of runways, the terminal area, the number of gates and luggage belts etc. may lead to distorted results. The drawbacks of conventional methods and the different definitions of “airport capacity” motivated us to explore runway -, apron- and terminal capacity variables to benchmark international airports. This paper identifies the drawbacks of conventional methods and develops a more consistent approach for benchmarking airports through the application of declared capacity data.  
Keywords: Airport capacity, Benchmarking, Declared runway capacity (Version: 29.03.2010)
__________________                     WWW.GAP-PROJEKT.DE__________________________                    

Prof. Dr. Hans-Martin Niemeier
Prof. Dr. Jürgen Müller
Prof. Dr. Hansjochen Ehmer

Hochschule Bremen
FHW Berlin
Internationale Fachhochschule Bad Honnef

Werderstr. 73
Badensche Str. 50-51
Mühlheimer Str. 38

28199 Bremen
10825 Berlin
53604 Bad Honnef
1. INTRODUCTION

Airports generally work with multi input-output combinations, which make them difficult to compare. Most airport benchmarking studies focus on finance or capacity issues, or a combination of both. While the biggest difficulties on the finance side arise from the differences between airports, countries or accounting methodologies, capacity measurement is an overall controversial issue irrespective of airports or countries. A number of methodologies exist regarding measurement and comparability of airport capacity. Likewise the parameters used within these methodologies are numerous and all been subject to heavy criticism.
As operations in an airport are divided into airside (runways and aprons) and terminal (ground) activities, it needs to be determined first on which side to work or how to combine these activities to come up with the best results. Besides, the methodologies to determine the efficiency of airports concerning the capacities differ in the literature and there no consensus thus far exists regarding the best approach.
Most benchmarking studies combine the airside and terminal activities using methodologies such as total factor productivity (TFP), data envelopment analysis (DEA) and stochastic frontier analysis (SFA). A crucial drawback of these models is that the inputs and outputs of production of an airport are determined beforehand. Even if the airside and terminal activities are handled separately the choice of inputs and outputs are questionable. In most of the cases, important information about the whole airport operation is missing due to lack of data, or some irrational results appear due to incorrect in- or outputs.
This paper questions the quality of conventional approaches focusing on the runway (airside) capacity and shows why and how some of the inputs used in these models result in misleading conclusions. Furthermore by applying declared runway capacity a different methodology is used to determine and benchmark the runway efficiency of airports. In this paper we concentrate on a number of European airports to introduce our methodology.
2. LITERATURE SUMMARY OF  CONVENTIONAL METHODS

Data Envelopment Analysis (DEA) is the most common methodology applied to airport benchmarking. In some studies only the infrastructural indicators are used as inputs proxying the airside and terminal activities, such as number of runways and number of gates. In other studies, financial variables such as operating costs or cost of capital are combined with the infrastructure inputs. The number of employees is also considered an important input for airport operations. Outputs in most models are aircraft movements and the number of passengers handled.

Gillen and Lall (1997) differentiate airside activities from terminal activities by implementing two different DEAs for each. Whereas the inputs for movements are the airport area, the number of runways, the runway area and the number of employees, those for terminal service are the number of runways, the number of gates, the terminal area, the number of employees, the number of baggage claim units and the public parking spots.  The number of passengers and the pounds of cargo are assumed to be the outputs for terminal service, while air carrier movements and commuter movements are considered as outputs for the airside. By employing these indicators Gillen and Lall (1997) try to measure the performance of 21 U.S. airports. With a second stage Tobit regression, the managerial variables and their importance in efficiency are identified. Similar to Gillen and Lall (1997), Sarkis (2000, 2004) measures the technical efficiency of 44 U.S. airports, but with a single DEA applied to the whole system. The inputs used are operating costs, number of employees, number of gates and number of runways.
Pels et.al.(2001) conducts two separate DEAs for 34 European airports and use the number of passengers and the number of aircraft movements as outputs. The authors use different inputs for the two DEAs: the terminal size, the number of aircraft parking positions at the terminal, the number of remote aircraft parking positions, the number of check-in desks and the number of baggage claims are used for the terminal side DEA and total airport area, total length of the runway system, the number of aircraft parking positions at the terminal and the number of remote aircraft parking positions are used for the airside DEA. In order to measure the efficiency of 12 Australian airports, Abbott and Wu (2002) utilize the capital stock, the number of employees and the runway length, which is a somewhat better measure than number of runways.
Bazargan and Vasigh (2003) focus as well on the U.S. Airports to determine if there is a relationship between size and efficiency of an airport. They implement DEA by using the operating expenses, the non-operating expenses, the number of runways and the number of gates as inputs and the number of passengers, the number of air carrier operations, the number of other operations, the aeronautical revenue, the non-aeronautical revenue and the percentage of on-time operations as outputs. Bazargan and Vasigh (2003) seek to depict the airport operations from airside and terminal as a single, combined activity.
Lin and Hong (2006) implement the DEA for 20 airports worldwide, by using the number of employees, check-in counters, runways, parking spaces, baggage belts, aprons, gates and the terminal size. Barros (2008) also uses the DEA with labor, runways, airport ramp and passenger terminal area as inputs. Pathomsiri et. al. (2008) focus on the importance of the quality in the airport and use innovative variables such as the number of delayed flights as outputs but conventional inputs such as the number of runways, runway area and airport area are used for the DEA. Yoshida and Fujimoto (2004) also apply some innovative inputs like monetary and time access cost to the airports, combining them with terminal size, number of employees and total runway length.
3. CRITICISM OF CONVENTIONAL METHODS

3.1. Critic of the Input-Output Combination
One of the most important questions regarding airport capacity and efficiency analyses asks if the runway and terminal activities should be considered together or separately.
Although studies abound in which these are combined, it remains questionable whether this leads to consistent conclusions or not. A number of valid counter-arguments against this combination have been voiced. First of all the nature of these two activities differs significantly. Building and operating runways are governed by very detailed engineering criteria. Issues such as landing and starting of aircraft, weather conditions, configuration of the runway system, demand and operations in peak hours have to be considered from an engineering perspective. However, as far as the terminal activities are considered, the engineering is more flexible and attractiveness for customers, appropriateness for non-aviation and marketing purposes play a very important role. Moreover, the runway is always a priority for airport operations and from an investment perspective they are much lumpier investments than the terminals. Generally airports continue the operations with runways which were initially built or inherited, but expanded by either adding new terminals or developing existing ones. In some cases building functional terminal is the least costly and time consuming option (e.g. Berlin-Schönefeld, the new terminal at Berlin-Tegel and many LCC terminals in Europe). Hence although the runway system might be sufficient to handle a given number of planes in a set period, the terminal might not be large enough to handle all the incoming passengers. This shows that the runway and terminal capacity should be handled with a caution.
Secondly, with respect to employees there are substantial quantitative and qualitative differences across sectors. The number of airport employees will almost certainly differ between air- and groundside.
Thirdly, if runway and terminal activities are considered together in a benchmarking study, different fleet mixes result in different results for different airports. For instance, where two airports with the same number of runways are compared, one might have a longer and wider runway allowing the use by larger planes and more passengers per point of time. Hence the performance in the terminal will differ substantially. Therefore when the runway and terminal performances are measured simultaneously some adjustments need to apply for different fleet-mixes.
3.2. Critic of the Chosen Inputs

Particularly in partial productivity approaches and also in DEA and SFA, selection of inputs is subject to discussions as the use of some variables as inputs could lead to wrong conclusions. Possibly due to the lack of data, the number of runways, length of runways and airport area are used as inputs.
Aircraft movements divided by the number of runways is the most common partial productivity indicator to show the runway efficiency of an airport. As long as the runway system, terminal system, fleet mix and other variables are the same for two airports, no errors in comparison will occur. However, this is almost never the case, because each airport has its own specific characteristics.
First of all, the existence of different runway systems is a big obstacle for using this simple ratio as a good measure. For a more detailed account on different runway systems refer to Ashford and Wright (1992), Liu, Rakas and Zhang (2006) and the study by Competition Commission of the UK (2007). To demonstrate the inaccuracy of using number of runways, a hypothetical benchmarking study can be considered as an example, where two airports with the same number of runways are compared. This study evaluates these two airports as qualitatively the same, by just looking at the quantitative figures. However in one airport the runways might be parallel and far from each other enabling simultaneous landing and taking offs, while in the other airport the two runways are crossing (or parallel but too close to each other) so that only one of them can be used at any one time. The land availability, environmental considerations and the weather conditions of the airport location are among the factors influencing the runway configuration. Moreover, some airports have shorter runways for additional demand from small aircraft, or these are the old runways which have been replaced by new ones, but are still kept and rarely used. Nevertheless, they are included in the dataset and have significant effects on the results. Especially, the fact that most of the airports have 1 or 2 runways shows the importance of any additional runway in the analysis. To draw the conclusion from this example, the efficiency result calculated by aircraft movements divided by the number of runways for these two airports is the same (assuming same number of movements), although the latter one  uses the runways more efficiently. 
Second, the length and width of the runways play an important role on how often planes can land and take off. Large aircraft need a longer and a wider runway and more space and time for maneuvers. Hence the efficiency will be affected by the dimensions of the runways.

Similarly the number and positions of taxiways are factors affecting how quick the aircraft can leave the runway and allow for another landing or take off. For example, one can compare two airports with one runway of the same dimensions. However, airport X has two taxiways and airport Y has only one at the end of the runway. A small jet can use the first taxiway in airport X after landing and leave the runway faster than it would at airport Y. This effect might not be as vital as the general structure (runway system, dimensions) of runways on efficiency, but should nevertheless not be overlooked.
Another important limitation on comparing number of runways is the properties of the aprons and parking positions. Despite being able to handle many aircraft by the runways, an airport might have to forego some capacity, because it does not have enough parking positions for these aircraft. This is considered in some cases when conducting a DEA, where the number of aircraft positions is also used as an input besides the number of runways. However, in partial productivity indicators, this information cannot be integrated in the analysis.
These criticisms on using the number of runways motivated the researchers to adjust this approach by using the total length of runway system in order to bypass the above mentioned drawbacks. Nevertheless, it is not even an incremental development on the performance of the efficiency measure, because most of the arguments explained above also apply to this measure. One simple exemplifying and explanatory question asks if a runway of 5000 m, let’s say, is the same as two runways of 2500 m each. Hence, using the total length of runways instead of the number of runways still does not give us better results.
4. DECLARED RUNWAY CAPACITY

Facing these challenges regarding airside capacity leads to the question, if there is a better methodology to measure the runway capacity to be used in airport benchmarking. One more challenge however is how to define runway capacity. Although the commonly accepted definition for runway capacity is “the number of movements which can be handled in 1 hour”, many other definitions of runway capacity have been employed by both researchers and authorities alike.
The US Federal Aviation Administration defines the runway capacity as “a measure of the maximum number of aircraft operations, which can be accommodated at the airport or airport component in an hour” (Advisory Circular, 1983). Ashford and Wright (1992) uses the following definition for runway capacity: “The ability of a component of the airfield to accommodate aircraft. It is expressed in operations (arrivals and departures) per unit of time, typically in operations per hour.” FAA’s (1973) definition of runway capacity is “the maximum number of aircraft operations that an airfield can accommodate during an hour when there is a continuous demand for service”. Runway capacity is also defined as “a maximum average flow that a facility can be accommodated over a time period” by Newell (1979).
Hockaday and Kanafani (1974) describes a similar term, ultimate capacity, as “the maximum number of aircraft that can be handled by a facility during a specified time period under conditions of continuous demand regardless of delay magnitude to aircraft”. They also call “the number of aircraft operations that can be handled by a facility during a specified time period such that the average delay to all processed aircraft equals a certain specified amount” as practical capacity. On the other hand, maximum throughput capacity (MTC) or saturation capacity indicates “the average number of movements that can be performed on the runway system in one hour in the presence of continuous demand, while adhering to all the separation requirements imposed by the ATM system” (De Neufville & Odoni, 2003). In the same book, one sees the practical hourly capacity (PHCAP), which was originally proposed by the FAA in the early 1960s and is defined as “the expected number of movements that can be performed in 1h on a runway system, with an average delay per movement of 4 minutes. As a rule of thumb, the PHCAP of a runway system is approximately equal to 80-90% of its MTC, depending on the specific conditions at hand.” Expanding this definition on time leads to sustained capacity, defined as “the number of movements per hour that can be reasonably sustained over a period of several hours.”
Despite the fact that the runway capacity has been defined in numerous ways, none of these have been used as often as declared capacity in practice. Airports, sharing information about their capacity, generally publish the declared capacity. Declared capacity is defined as “the number of aircraft movements per hour that an airport can accommodate at a reasonable LOS
. Delay is used as the principal indicator of LOS. There is no accepted definition of declared capacity and no standard methodology for setting it […] In most instances, the declared capacity seems to be set close to roughly 85-90% of the MTC of the runway system.” (De Neufville & Odoni, 2003)

5. DATA AND THE METHODOLOGY
Although there is no precise definition of the (declared) runway capacity, it seems to be a better indicator than the number or the total length of runways, as long as the runway efficiency is considered. Hence we implement a methodology in which the data for the declared runway capacity can be used to benchmark selected European airports. The methodology described below was inspired by Czerny et.al. (2008), applying the same dataset.
The data was collected from the publication “Airport Capacity/Demand Profiles” (2003) by ACI, ATAG and IATA. In Europe the data cover more than 70 airports for 2002. However, in order to build a balanced dataset, only 64 of these airports have been used in the empirical analysis, focusing on declared runway capacity. The information includes the departures, arrivals and total declared peak hour capacity. In the analysis the total declared capacity is used, which can be found in Table 1 for the whole sample.

TABLE 1: Total Peak Hour Declared Capacity, 2002
	IATA
	Country
	TPHDC
	IATA
	Country
	TPHDC
	IATA
	Country
	TPHDC

	ACE
	Spain
	17
	GOA
	Italy
	20
	NCE
	France
	44

	AGP
	Spain
	44
	GOT
	Sweden
	32
	NUE
	Germany
	30

	AMS
	Netherlands
	106
	GVA
	Switzerland
	36
	ORY
	France
	76

	ARN
	Sweden
	76
	HAM
	Germany
	52
	OSL
	Norway
	80

	ATH
	Greece
	52
	HER
	Greece
	21
	OVD
	Spain
	15

	BLL
	Denmark
	50
	IST
	Turkey
	36
	RHO
	Greece
	13

	BLQ
	Italy
	24
	JER
	UK
	48
	RIX
	Latvia
	20

	BRE
	Germany
	30
	LCA
	Cyprus
	24
	SOF
	Bulgaria
	20

	BRU
	Belgium
	74
	LCY
	UK
	24
	STR
	Germany
	36

	BUD
	Hungary
	40
	LED
	Russia
	28
	SVQ
	Spain
	30

	CDG
	France
	101
	LEI
	Spain
	10
	SXB
	France
	40

	CFE
	France
	40
	LGW
	UK
	50
	TFS
	Spain
	37

	CFU
	Greece
	12
	LHR
	UK
	75
	TLS
	France
	46

	CGN
	Germany
	52
	LIS
	Portugal
	30
	VCE
	Italy
	30

	CHQ
	Greece
	7
	LJU
	Slovenia
	15
	VIE
	Austria
	66

	CPH
	Denmark
	83
	LPA
	Spain
	34
	VKO
	Russia
	20

	DME
	Russia
	25
	LYS
	France
	51
	VLC
	Spain
	30

	DRS
	Germany
	30
	MAD
	Spain
	78
	VNO
	Lithuania
	80

	DUS
	Germany
	37
	MAH
	Spain
	18
	WAW
	Poland
	32

	FAO
	Portugal
	20
	MAN
	UK
	59
	ZRH
	Switzerland
	66

	FCO
	Italy
	90
	MRS
	France
	35
	
	
	

	FRA
	Germany
	78
	MUC
	Germany
	86
	
	
	


The methodology follows a three step procedure. In the first step, the hours of operations are observed for each airport in order to calculate the daily runway capacity. A number of additional assumptions are made in order to differentiate the airports in a better way. In the second step the daily runway capacity is multiplied by 365 as an indicator of yearly runway capacity. For the third step, the actual number of movements for that year is compared with the calculated yearly runway capacity to derive the runway utilization for each airport.
5.1 CALCULATION OF THE DAILY CAPACITY
Case 1. There are 4 airports in the sample, for which the runways are near saturation most of the day. These airports are: Frankfurt/Main, London Gatwick, London Heathrow and Stockholm. If the airport has no night curfew and operates 24 hours, the total peak hour declared capacity is multiplied with the hours of operation to get the daily runway capacity. If the airport is open 24 hours with night restrictions, then the following formula is applied
;

Daily Capacity   = 
 Total Peak Hour Declared Capacity * Hours without Restrictions + 

 Total Peak Hour Declared Capacity/3 * Hours with Restrictions
Case 2. The airport operates 24 hours without restrictions.
· 10 hours with full capacity, 8 hours with half capacity, 6 hours with ¼ capacity. Hence;
Daily Capacity   =       Peak Hour Declared Capacity * 10 +

 Peak Hour Declared Capacity/2 * 8 +

 Peak Hour Declared Capacity/4 * 6

Case 3. The airport operates 24 hours with restrictions at night.
· 10 hours with full capacity, Rest without restrictions with half capacity, Rest with restrictions with 1/6 capacity

Daily Capacity   =       Peak Hour Declared Capacity * 10 +

 Peak Hour Declared Capacity/2 * Rest without restrictions +

 Peak Hour Declared Capacity/6 * Rest with restrictions

Case 4. The airport operates for a determined part of the day.
· 10 hours with full capacity, Rest with half capacity
Daily Capacity   =       Peak Hour Declared Capacity * 10 +

 Peak Hour Declared Capacity/2 * Rest

Although these calculations are subjective, they still give an insight in the maximum runway capacity of an airport. However, it is a simple methodology in order to categorize the airports with similar characteristics and follows a consistent way within the airport sample for a fair comparison
6. EMPIRICAL ANALYSIS

The aim of this analysis is to determine the runway utilization of an airport, rather than observing the capacity at a general level, which would be the case when including terminal activities. Hence, the information only contains the runway data irrespective of other variables and the data for the total peak hour runway declared capacity present information on the different criteria followed. For each airport the type of consideration taken into account is depicted. Capacity limits are dictated according to the following five criteria. The numbers in parentheses above give the number of airports for which the considerations apply:

1- Noise Consideration (12) 
2- ATC Consideration (29)
3- Runway Consideration (29)
4- Apron Consideration (15)
5- Terminal Consideration (13)
However, for the simplicity of the analysis, these considerations are not taken into account and it is assumed that for all the airports same criteria apply. An in-depth analysis of these considerations and questioning the comparability of data are left for a later discussion. Naturally, for most of the airports more than one consideration is applied.
By implementing the above mentioned three step approach, one gets the following results in Table 2.

TABLE 2: Runway Utilization Given by Yearly Actual Capacity/Available Capacity, 2002
	Rank
	IATA
	Result
	Rank
	IATA
	Result
	Rank
	IATA
	Result

	1
	DUS
	99,5%
	23
	VKO
	56,0%
	45
	VCE
	37,2%

	2
	ZRH
	91,7%
	24
	FCO
	55,7%
	46
	CHQ
	37,1%

	3
	CDG
	91,6%
	25
	ATH
	54,2%
	47
	HER
	35,0%

	4
	FRA
	89,1%
	26
	ORY
	53,3%
	48
	FAO
	34,1%

	5
	MAD
	87,9%
	27
	LYS
	53,1%
	49
	CFE
	31,8%

	6
	LHR
	84,7%
	28
	ACE
	51,8%
	50
	BRE
	31,6%

	7
	NCE
	82,1%
	29
	ARN
	51,6%
	51
	LEI
	29,6%

	8
	IST
	79,0%
	30
	CGN
	51,1%
	52
	TFS
	29,2%

	9
	BRU
	78,9%
	31
	LPA
	48,5%
	53
	SVQ
	28,4%

	10
	MUC
	74,6%
	32
	BLQ
	45,5%
	54
	LED
	27,6%

	11
	STR
	74,5%
	33
	OSL
	45,1%
	55
	LJU
	25,8%

	12
	AMS
	72,1%
	34
	DME
	44,5%
	56
	SXB
	24,5%

	13
	LGW
	69,2%
	35
	LCY
	42,7%
	57
	CFU
	24,3%

	14
	LIS
	67,0%
	36
	VLC
	41,0%
	58
	GOA
	23,7%

	15
	HAM
	66,8%
	37
	TLS
	40,2%
	59
	SOF
	22,2%

	16
	MRS
	63,4%
	38
	RHO
	40,1%
	60
	DRS
	20,4%

	17
	WAW
	62,2%
	39
	MAH
	39,9%
	61
	OVD
	18,3%

	18
	GVA
	61,6%
	40
	BUD
	39,7%
	62
	BLL
	18,2%

	19
	CPH
	61,5%
	41
	AGP
	39,4%
	63
	RIX
	16,7%

	20
	MAN
	59,3%
	42
	GOT
	38,8%
	64
	VNO
	4,7%

	21
	VIE
	56,6%
	43
	JER
	38,7%
	
	
	

	22
	NUE
	56,0%
	44
	LCA
	38,6%
	
	
	


Some remarkable conclusions follow from this table. 
Firstly, the top-ranking airports are generally the large airports serving a high volume of passengers and movements while the airports with the worst performances observed are the relatively small airports. This result leads to questions regarding the scale efficiency in airports. An ongoing debate in the airport literature is whether larger airports perform better than their smaller counterparts. 
Our basic results appear to support the hypothesis that the larger airports are more efficient. Further analysis could regress the performance results on the passenger numbers (as an indicator of how large an airport is) to observe the relationship between the two. 
The second conclusion which can be drawn is that, by allowing a certain error margin, some airports can fully utilize their runway capacity. Unlike in DEA or SFA, where a best practice airport (or airports) is selected and the relative comparison of efficiencies is represented, one can observe the absolute efficiency figures for each airport independently in this approach. 

One should nevertheless bear in mind that, declared runway capacity has also its drawbacks. These figures are declared by the airport authority, which are often subjective. However, assuming that airport insiders (or representatives of governing organizations) provide accurate data, one could count on that as a good indicator of the total runway capacity. Another drawback with declared runway capacity and its implementation in the methodology is the lack of seasonality considerations. For some airports in the sample there might be a big difference between the demand in summer and winter. 
One possibility to eliminate these inconsistencies is to make a peak hour analysis, where the total declared peak hour runway capacity is compared with the actual peak hour demand for the runway.  “Airport Capacity/Demand Profiles” present also the data for the peak hour aircraft movements served for certain airports. Unfortunately this dataset is not complete for the whole sample. Table 3 shows the results for the available airports.
TABLE 3: Runway Utilization Given by Peak Hour Actual Capacity/Available Capacity, 2002
	IATA
	TPHDC*
	ATPHM*
	Utilization
	IATA
	TPHDC
	ATPHM
	Utilization

	NUE
	30
	65
	216,7%
	MAN
	59
	59
	100,0%

	RHO
	13
	24
	184,6%
	CPH
	83
	81
	97,6%

	LCY
	24
	41
	170,8%
	WAW
	32
	31
	96,9%

	MRS
	35
	55
	157,1%
	LYS
	51
	49
	96,1%

	IST
	36
	53
	147,2%
	ARN
	76
	73
	96,1%

	STR
	36
	47
	130,6%
	ORY
	76
	71
	93,4%

	ACE
	17
	22
	129,4%
	AGP
	44
	41
	93,2%

	LHR
	75
	95
	126,7%
	TFS
	37
	34
	91,9%

	VKO
	20
	25
	125,0%
	FCO
	90
	78
	86,7%

	DUS
	37
	46
	124,3%
	LJU
	15
	13
	86,7%

	CDG
	101
	121
	119,8%
	OSL
	80
	67
	83,8%

	LGW
	50
	58
	116,0%
	VLC
	30
	25
	83,3%

	LPA
	34
	39
	114,7%
	VIE
	66
	52
	78,8%

	MUC
	86
	96
	111,6%
	SOF
	20
	14
	70,0%

	LIS
	30
	33
	110,0%
	RIX
	20
	14
	70,0%

	ZRH
	66
	72
	109,1%
	CGN
	52
	35
	67,3%

	MAD
	78
	85
	109,0%
	TLS
	46
	30
	65,2%

	MAH
	18
	19
	105,6%
	CFE
	40
	24
	60,0%

	AMS
	106
	110
	103,8%
	LED
	28
	14
	50,0%

	NCE
	44
	44
	100,0%
	BUD
	40
	20
	50,0%

	GOA
	20
	20
	100,0%
	VNO
	80
	10
	12,5%

	FAO
	20
	20
	100,0%
	
	
	
	


*TPHDC: Total Peak Hour Declared Capacity
*ATPHM: Actual Total Peak Hour Movements

What seems interesting with these results is that for a large number of the airports, the capacity used in peak hours exceeds the maximum available capacity declared. In some cases these figures are even extremely high, e.g. in Nuremberg the maximum capacity declared is 30, but in the busiest hour of the year this airport has managed 65 movements.

This analysis shows that in most cases the maximum declared runway capacity understates the existing capacity. Following this the figures in Table 2 would appear lower if one uses the actual peak hour capacity, since the available yearly capacity would be higher than the one currently used. Nevertheless the actual peak hour capacity only represents a period, which is not true for the whole year. One reason for understating the declared capacity could be that, an airport might for instance not have enough terminal capacity in order to support the runway activity. Hence, this airport might choose to operate with over-capacity by supplying a lower level of service (e.g. longer waiting times) for just a short period of peak. A similar logic applies to insufficient number of employees, where extra workers are hired to face the extra demand in peak times. In order to get more accurate results one should analyze each airport separately to determine the unique characteristics of them such as seasonality analysis, peak-hour analysis, terminal and apron analysis etc.
After analyzing each airport separately by using the yearly and peak-hour capacities, the next step focuses on the question how countries perform. The following table shows the number of airports used in the sample from each country and average of yearly runway capacity utilization (from Table 2).

TABLE 4: Number of Airports and Averages of Runway Utilization Given by Yearly Actual Capacity/Available Capacity, 2002
	Country
	Number of Airports
	Average
	Country
	Number of Airports
	Average

	Turkey
	1
	79,0%
	Norway
	1
	45,1%

	Belgium
	1
	78,9%
	Russia
	3
	42,7%

	Switzerland
	2
	76,7%
	Spain
	10
	41,4%

	Netherlands
	1
	72,1%
	Italy
	4
	40,5%

	Germany
	9
	62,6%
	Denmark
	2
	39,9%

	Poland
	1
	62,2%
	Hungary
	1
	39,7%

	UK
	5
	58,9%
	Cyprus
	1
	38,6%

	Austria
	1
	56,6%
	Greece
	5
	38,1%

	France
	8
	55,0%
	Slovenia
	1
	25,8%

	Portugal
	2
	50,6%
	Bulgaria
	1
	22,2%

	TOTAL
	64
	49,4%
	Latvia
	1
	16,7%

	Sweden
	2
	45,2%
	Lithuania
	1
	4,7%


The sample of the countries with only one airport might not be representative enough; however an interesting result is that Turkey (IST Airport) is ranks first closely followed by Belgium (BRU Airport), which leads to the question whether these airports understated their runway capacity.
Among countries with more sample airports, Germany (9 airports) leads with an average of 62%, followed by the UK (5 airports) with 59% and France (8 airports) with 55%. Sweden, Spain and Italy perform under the average of the whole sample, whereas the Greek airports are characterized by a very poor performance.
When dealing with runway capacity, there is one issue, which must definitely be mentioned: Slot Coordination. As the European passenger traffic constantly rose over the last decade and the major airports could not expand capacity due to spatial and environmental considerations, the need for a better organization and optimization of aircraft operations became inevitable. Slot coordination
 was introduced to address this problem. 
European airports are divided into three categories in terms of slot coordination (the numbers in the parentheses show how many airports in the sample belong to that group):
Level 1: Non-coordinated airports (8)
Level 2: Schedules facilitated airports (13)
Level 3: Fully coordinated airports (39)
As explained above, the main target of slot coordination is to optimize the runway operations for the airport. Therefore the necessity to answer the question if the slot coordinated airports perform their runway operations better than the others is not surprising. The table below shows the average utilization of runways for the 3 categories of airport slot co-ordination. Fully coordinated airports perform much better than the other two options. Hence, the analysis supports the thesis that slot coordination has been successful in realizing its targets.

TABLE 4: Averages of Runway Utilization for Different Coordination Levels, Given by Yearly Actual Capacity/Available Capacity, 2002 

	Level of Coordination
	Average

	3: Fully coordinated airports
	55.94%

	2: Schedules facilitated airports
	47.03%

	1: Non-coordinated airports
	31.28%

	Average
	50.72%


7.  CONCLUSION 
Although this paper approaches the topic of runway capacity from different perspectives, a number of open questions remain calling for more detailed investigation. Firstly a good seasonality measure should be incorporated into the analysis to deliver more consistent and better results. The dataset used in this paper consists of airports with different traffic structures. On the one hand, some airports are the largest European hubs with traffic stable over the year, month and day; on the other hand it includes airports with traffic only in a specific period within the year. Using Gini Coefficient
 in order to determine the seasonality coefficient of each airport and adjusting the runway utilization rates accordingly could be a possible solution to this problem. 

Secondly, there must be a unique definition of declared runway capacity to fully allow comparability across airports. 
Last but not least, the terminal side was ignored in this analysis. Even though, this paper suggests, that the airside and terminal side shall be analyses separately, it would give a good idea on the efficiency and interdependency of the whole airport system. Hence, data from the same source for declared terminal capacity can be obtained easily and a similar methodology can be applied in order to determine the terminal use. A further analysis could show if there is a positive correlation between runway and terminal performance, so that a broader analysis for the whole airport system can be implemented. Another possibility is to implement a DEA on the terminal side, without using any runway data, since the indicators for the terminal side which are used as inputs are not as problematic as for those used for the runways.

Starting with an overview of literature, followed by a criticism of methodologies used so far, the analysis in this paper supports the following hypotheses:
· Larger airports can operate their runway systems more efficiently than smaller ones.
· Declared maximum runway capacity understates the actual capacity which can be used.
· Slot coordinated airports operate their runway systems more efficiently.
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APPENDIX

The Airports in the Sample and the Corresponding IATA Codes

	Airport
	IATA 
	Airport
	IATA 
	Airport
	IATA 

	Almeria
	LEI
	Heraklion
	HER
	Paris CDG
	CDG

	Amsterdam 
	AMS
	Istanbul 
	IST
	Paris ORY
	ORY

	Arrecife
	ACE
	Jersey 
	JER
	Rhodes
	RHO

	Athens 
	ATH
	Kerkyra (Corfu)
	CFU
	Riga
	RIX

	Billund
	BLL
	Larnaca
	LCA
	Rome Fiumicino
	FCO

	Bologna
	BLQ
	Lisbon 
	LIS
	Santiage del Monte
	OVD

	Bremen 
	BRE
	Ljubljana
	LJU
	Seville
	SVQ

	Brussels 
	BRU
	London City 
	LCY
	Sofia
	SOF

	Budapest
	BUD
	London Gatwick 
	LGW
	St.Petersburg
	LED

	Chania
	CHQ
	London Heathr.
	LHR
	Stockholm
	ARN

	Clermont Fer.
	CFE
	Lyon 
	LYS
	Strasbourg
	SXB

	Cologne/Bonn 
	CGN
	Madrid 
	MAD
	Stuttgart
	STR

	Copenhagen 
	CPH
	Mahon
	MAH
	Tenerife
	TFS

	Dresden 
	DRS
	Malaga
	AGP
	Toulouse
	TLS

	Düsseldorf
	DUS
	Manchester
	MAN
	Valencia
	VLC

	Faro
	FAO
	Marseille
	MRS
	Venice
	VCE

	Frankfurt/Main 
	FRA
	Moscow Dom.
	DME
	Vienna/Schwechat
	VIE

	Geneva 
	GVA
	Moscow Vnukovo
	VKO
	Vilnius
	VNO

	Genoa 
	GOA
	Munich
	MUC
	Warsaw
	WAW

	Gothenburg 
	GOT
	Nice
	NCE
	Zurich
	ZRH

	Gran Canaria 
	LPA
	Nuremberg
	NUE
	
	

	Hamburg 
	HAM
	Oslo
	OSL
	
	


� Corresponding author


� Prof. Dr. Jürgen Müller is the coordinator of German Airport Performance (GAP) Project at Berlin School of Economics of Law and Tolga Ülkü is a member of the same project.


� LOS stands for “level-of-service”.


� The corresponding airports and the IATA codes can be found in the Appendix.


� The idea behind this is that the restrictions result in a reduction of the total capacity to a one third.


� More details on how the slot coordination system works can be found in the “Study on the use of airport capacity”, 2004, ACI-Europe. 


� For BRE, LJU, OVD and TLS information for the level of coordination was missing, for this reason they were excluded from the analysis.


� Gini coefficient is a measure of relative mean difference between every pair of individuals in a dataset.
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