How much noise reduction at airports?
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Abstract
 Noise nuisance is a negative externality of aviation, especially occurring near airports in urban areas. Like all externalities, noise nuisance may be a reason for government intervention. When intervening, governments should take care about the size of the intervention. In practice, this issue is generally neglected. This line of research sets the first step towards determining the optimal size of government intervention in the case of noise nuisance near airports, more specifically in the case of Amsterdam airport. We use hedonic pricing to establish the benefits of noise reduction. Furthermore, we develop a bottom-up cost function, based on alternative approach procedures, regional substitution of planes within existing fleets, early depreciation of noisy planes and reducing the number of flights. We then equate marginal costs and benefits to establish the optimal level of noise reduction, which appears to be 3 dB(A). Generally speaking, measures like alternative approach procedures, regional substitution of planes within existing fleets and early depreciation of noisy planes are welfare increasing, whereas reducing the number of flights has a negative effect on net welfare.

1. Introduction

Noise emitted by airplanes is more and more considered to be a problem. In 2005, some 450 airports had limitations in place, related to noise emissions.
 Amsterdam Airport is one of these airports. Several different measures are in place, including construction restrictions, pre-described flight paths and a norm for the total amount of noise the airport is allowed to emit.

Thinking about the optimal level of these norms, one will inevitably arrive at the trade-off between the costs and benefits of reducing noise. It is surprising to see that such an obvious finding has not yet lead to any practical use a of cost-benefit analysis based approach to noise nuisance near airports. Current emission norms are based on historical levels and political considerations, not on any kind of welfare approach.

This paper tries to fill this gap and sketches in general terms the costs and benefits of noise reduction. Furthermore, we establish a method that equals costs and benefits, thus helping policy makers to assess the optimal level of noise reduction from a welfare point of view.

The starting point in our analysis is the generally accepted viewpoint that optimal welfare is reached if marginal costs equal marginal benefits. We establish both a marginal cost function of noise reduction and a marginal benefit function of noise reduction, and then equate the two functions to find the optimal level of noise reduction, starting from a given level of noise production.

The remainder of this paper is organized as follows. Section 2 discusses the benefits of noise reduction, followed by a discussion on the costs of noise reduction in section 3. The final section equates marginal costs and benefits and presents our conclusions and suggestions for further research.

2. Benefits of noise reduction

Several international studies, mostly form Canada and the US, have investigated the influence of (aircraft) noise. The result is often expressed in a Noise Depreciation Index (NDI), reflecting the average percentage decrease in property value due to an increase in noise by 1 dB(A). The table below gives an overview of these studies, indicating that the NDI ranges from 0.10 to 3.57 percent. A recent study (Lu and Morrel, 2006) finds similar results, with a curvilinear relationship between noise costs and traffic volume.

--table 1 about here--

Apart from a recent stated preference survey by Van Praag and Baarsma (2005), we do not know of any Dutch publications on aircraft noise. Van Praag and Baarsma link wellbeing to income, family size, age and many other factors, including noise nuisance. By comparing an increase of noise with a decrease of income, they derive a money value for noise. Since this value is related to income rather than to housing prices, it can not easily be compared to the studies above.

Method

Measuring the benefits of noise reduction boils down to valuing noise nuisance. Since there is no market for noise nuisance (nor for noise reduction), one can not observe a market price, so we need to use an alternative valuation method. Two often used methods are the contingent valuation method (CVM) and the hedonic price method (HPM), each of which we will discuss briefly below.

With the CVM, respondents are asked how much they are willing to pay for a reduction of noise around their place of residence. Since respondents explicitly state their preference, this method can be classified as a stated preference method. The use of stated preference methods allows researchers to value items, even if they are not consumed, but some disadvantages arise as well, for instance:

· Stating a preference has no real effect in terms of budget, allowing respondents to answer strategically. Careful design may limit the possibilities for strategic answers, but the problem that respondents don’t actually pay for their choices remains.

· Answers in a survey often depend on the context of the questions.

· Respondents may be inexperienced in valuating the item at hand, making it difficult to value it correctly.

· Respondent may have changing preferences.

Note that both latter disadvantages may occur with revealed preference methods as well, whereas the former may be mitigated by careful design. Well designed CVM studies tend to be complex, expensive and time consuming.

The HPM compares prices of residences in areas with differing levels of noise nuisance. After correcting for other factors that influence house prices, the effect of noise on house prices may be computed, yielding a valuation for noise nuisance.  HPM is a revealed preference method, as the valuation is based on actual behavior. This makes the outcomes very realistic, although some disadvantages apply as well:

· HPM can not measure valuations if they are not related to actual use.

· This method requires a large amount of data.

· The use of the HPM requires two somewhat unrealistic assumptions:

· Consumers are fully informed.

· Transaction costs are zero.

Also note that the value of noise captured in house prices reflect perceived and expected noise, rather than the actual level. Given the assumption of fully informed consumers, this may imply that house prices respond to an increase in noise even before it took place.

Given the advantages and disadvantages of both methods, and given the availability of practically all the required spatial data, we use the HPM in this study.

The first phase in applying the HPM is estimating the hedonic price function (HPF). From this function, we then derive the individual demand curve for each characteristic, including noise. We use a measure called Lden to express noise nuisance. This measure reflects the average level of noise exposure over a year, with a ten times higher weight attached to noise during night hours. The measure is expressed in decibels, implying a logarithmic scale. An increase of 3 db(A) is similar to doubling the amount of noise, regardless the level. Note that the absence of aircraft noise does not imply complete silence, especially not in the densily populated Randstad area, where Amsterdam airport lies. 

Several studies use threshold values of 55 db(A) for road transport and 60 db(A) for rail transport. These tresholds imply that road noise below 55 db(A) will not be distinguished from background noise. We use a lower threshold of 45 db(A), as the measure we use is an average and does therefore not reflect the peak noise of an aircraft flying by.

The data

We have used several data sources. Our main data source was a micro data set provided by the NVM, the association of Dutch real estate brokers. This data set contains information on transactions of houses in the period 1999-2003 in the wider region around Amsterdam Airport. Each transaction is described by date, price and characteristics of the house. Furthermore, we used several neighbourhood-indicators from the Central Bureau of Statistics. Data on air, rail and road noise were provided by the MNP (the Dutch national environmental and nature research bureau). Table 2 below summarizes the data used in our analysis, table 3 provides descriptive statistics.

--Table 2 about here--

--Table 3 about here--

We have estimated a loglineair model on the data set of 66 thousand housing transactions. The results are presented in table 4. All parameters are significantly different from zero and have expected signs and order of magnitude. Noise negatively affects house prices, with aircraft noise having the largest effect, boiling down to an NDI of 0.8, which is consistent with the international results we presented earlier.

--Table 4 about here--

To calculate the total benefits of noise reduction, we multiply the marginal benefit for an average house by the number of houses that are exposed to more than 45 dB of aircraft noise. Note that rented houses are taken into account as well, as their residents also benefit from noise reduction. Also note that a reduction in noise will reduce the number of houses that are exposed to more than 45 dB of aircraft noise as well, so that  marginal benefits are declining with the amount of noise reduced. Given these points, we calculate the total benefits of a noise reduction of 1 dB(A) to be 574 million euro. Reducing more noise is subject to decreasing returns, yielding a cumulative benefit of 1732 million euro for reducing noise by 5 dB(A).

3. Costs of noise reduction

In this section we discus the construction of a bottom-up cost function for noise reduction. We assess several possible measures and compute their costs as well as their noise reduction potential. Measures taken into account are reduction of the number of flights, fleet substitution and alternative approach paths respectively.

Reduction of the number of flights

The simplest way to reduce noise from aircraft is to fly less. Note that the noise reduction potential of this option is theoretically endless up to the point where aircraft noise is reduced to zero. It is also by definition the most expensive measure, since any measure that is more expensive would make the flight economically unviable. Therefore, reducing the number of flights by definition constitutes the right hand side of the bottom-up cost function.

We use the Airport Catchment Area Competition Model (ACCM, SEO and Rand, 2005) to compute the costs of placing a restriction on the number of flights. The model computes passenger numbers and number of air movements based on scenarios of future (economic) developments. In the model, we can limit the total amount of noise emitted, and the model will respond by reducing the number of flights (through implicit shadow prices, not reported by the model). 

We compute foregone utility from passengers that have skipped flights. Furthermore, the quality of the network is reduced, as the frequencies and the number of direct flights decreases. Note that the model we use does not take into account the creation of new routes or the abolishment of old ones. The effect on the network quality measured by the model is limited to effects on frequencies on existing routes and is therefore and underestimation of the actual effect. Figure 1 depicts the costs of reducing noise by reducing the number of flights.

-- Figure 1 about here --

The cost figures presented above are based on CPB’s Global Economy scenario, which predicts a substantial increase in passenger volumes. Should we have used a more moderate growth scenario, then the costs per decibel would have been lower.

Fleet substitution
Apart from flying less, carriers can reduce the amount of noise by flying with –on average- more silent planes. In the short run, airlines may redirect parts of their fleets to other airports and assign their most silent aircraft to Schiphol. In the longer run, airlines may replace their noisy planes by modern ones that emit less noise.

Amsterdam Airport provided us with information on the types of planes flying to and from Amsterdam by airline, size and technology class. These figures were confronted with figures on fleet composition of the airlines involved. For any plane that is not in the highest technology class within its size class, we check whether the airline has a plane from a higher technology class of similar size in its fleet. If this is the case, the plane is substituted. We assume that Amsterdam airport is the only airport trying to bring down noise. The difference in noise emissions between two technology classes equals 3 dB(A). The noise reduction potential of short term fleet substitution equals 0.4 dB(A). Costs of this option are unknown, but likely to be lower than the costs of not flying. Therefore, we position these costs just below those of the costs of not flying.

In the somewhat longer run, airlines may replace their planes by newer ones, which are often less noisy. Most of these replacements are in the base path, implying zero costs and zero noise reduction. If noise reduction is an issue however, airlines may decide to buy the new planes earlier. The costs of this operation are equal to the costs of early depreciation of existing planes.
 We assume that airlines replace their planes by a plane from the same size class and one technology class higher. Figure 2 below depicts the relationship between early depreciation of a part of the fleet and the period over which early depreciation takes place. Line A gives the (ever-lasting) relationship between time and noise reduction from planes in the base case. Line B on the other hand, shows the same relation at the highest available level of technology. The difference between these two, nrp0, resembles the maximum noise reduction potential, which would be reached if the entire fleet were to be replaced at once.

If airlines chose to replace their planes early, but not all at once, the maximum potential is not reached. Instead, we arrive in a situation like in line C, where the noise reduction potential is obviously lower (nrp1<nrp0).

-- Figure 2 about here --

Like in the case of short term substitution, we check for planes that are not in the highest technology class within their size class. This boils down to 65 percent of all flights, of which 9% was already taken care of by the short term substitution we mentioned earlier. Given that jumping one technology class yields a noise reduction of 3dB(A), we may calculate nrp0 to be 1.7 dB(A).

We used a small and simple optimization model to find out how fast airlines will replace their fleet, given that the alternative might be reducing the number of flights, and find that the noise reduction potential of this measure equals 0.16 dB(A), with costs ranging from near zero (the plane that was almost written down) to 14 million euro per dB(A) for the final part.

Approach paths
The European Community has commissioned a research program aimed at the effects of alternative approach paths for planes landing at airports. Amsterdam Airport is a case study in this program, providing us with useful data (EC, 2005; EC, 2006). The so-called procedure 2 seems to be the most cost-efficient way to reduce noise around the airport. This procedure means that the final approach is started later and is therefore steeper. Noise heard on the ground is reduced, because planes keep their altitude longer. EC(2006) finds the area exposed to noise levels between 55 and 60 dB(A) to be reduced by 26%. This boils down to an average noise reduction of 1.25 dB(A), which we assume to be valid for areas slightly further away from the airport as well.

Procedure 2 is slightly more complex than current approach procedures, and it requires more headway between planes to guarantee safety. The increase in headway reduces capacity by 4.1 percent. We use the ACCM-model mentioned before to compute the welfare loss of such a decrease in capacity. Obviously, capacity reductions only lead to welfare losses if capacity is binding. Only in the Global Economy scenario, this is the case, with welfare losses accruing to 11.5 million euro per decibel of noise reduction. In each scenario, implementation costs of 2 million euro per dB(A) are imposed.

From the elements above, we derive a bottom-up cost function, distinguishing between the fairly short term (2008), and the long term (2020), for which we in turn distinguish between a high-growth scenario (Global Economy: GE) and lower growth scenario (Regional Communities: RC).
 Short run costs are expected to be lower, due to limited substitution possibilities. This effect is however more than compensated by the impact of volume growth on the costs of reducing noise. Figure 3 below graphs the cost functions by scenario.

-- Figure 3 about here --

4. Optimal level of noise reduction 

As we stated in our introduction, the starting point in our analysis is the generally accepted viewpoint that optimal welfare is reached if marginal costs equal marginal benefits. Using our findings from the previous two sections, we can now confront costs and benefits. Note that the benefits presented in section 2 are a reflection of the present value of all future benefits, whereas the costs are computed on an annual basis. To equate them, we multiply the benefits by an annual discount rate of 7 percent.
 The next step is for both the costs and the benefits to assess the marginal value, based on functions derived earlier and then equate these functions. Figure 4 illustrates this mechanism for the RC-scenario.

-- Figure 4 about here --

The first flat part of the cost function  depicts the marginal costs of alternative approach paths with capacity not binding. The second and third flat parts depict long and short run fleet substitution respectively. The sloped right hand part reflects the costs of not flying. Marginal benefits have a negative slope, because the number of houses that is exposed declines as noise is further reduced.

The curves intersect at a level of approximately 3 dB(A), implying that a noise reduction of this level would be optimal from a welfare point of view. In qualitative terms, our conclusion is that alternative approach paths and fleet substitution are viable ways to reduce noise, whereas reducing the number of flights is only welfare improving up to a certain point. This qualitative conclusion also holds for the GE-scenario and the short term.

Note that our analysis is a first attempt to provide a welfare based level of noise reduction. The purpose of our analysis was to illustrate the way to provide such a level rather than to give an accurate calculation. Future research may be aimed at giving a more precise estimation. Another important limitation of our research is that it looks at a single airport in isolation, thus ignoring the effects of travelers diverging to other airports, as well as the effects of other airport’s attempts to reduce noise. Further research should take these issues into account as well. Finally, the design of instruments to reduce noise was left for further research.

References

De Mooij, R. and P. Tang, 2003, Four futures of Europe, The Hague, Netherlands Bureau for Economic Policy Analysis.

European Community, 2005, Sourdine II, D4-1-2a, Capacity Results Schiphol, http://www.sourdine.org/documents/public/SII_WP4_D4-1-2a_Schiphol_v1.3.pdf.

European Community, 2006, Sourdine II, D4-1-2b, Noise Results Amsterdam Schiphol, http://www.sourdine.org/documents/public/SII_WP4_D4-1-2b_Schiphol_v10.pdf.

Lijesen, M.G., W. van der Straaten, J. Dekkers and R. van Elk, 2006, Geluidsnormen voor Schiphol; een welvaartseconomische benadering, CPB document 116 (in Dutch)

Lu, C. and P. Morell, 2006, ‘Determination and applications of environmental costs at different sized airports: aircraft noise and engine emissions’, Transportation , vol 33(1), pp. 45-61 

Morrison, S.A., C. Winston en T. Watson, 1999, Fundamental Flaws of Social Regulation: The Case of Airplane Noise, Journal of Law and Economics, vol. XLII, October, 723-43.

Navrud, S., 2002, The State-Of-The-Art on Economic Valuation of Noise, Final Report to European Commission DG Environment, Department of Economics and Social Sciences, Agricultural University of Norway.

Nelson, J.P., 2004, Meta-analysis of Airport Noise and Hedonic Property Values, Problems and Prospects, Journal of Transport Economics and Policy, vol. 38 (1), pp. 1-28.

Schipper, Y., 1999, Market Structure and Environmental Costs in Aviation, A Welfare Analysis of European Air Transport Reform, Dissertation, Vrije Universiteit Amsterdam.

SEO and RAND, 2005, Modelontwikkeling ACCM en Kwantitatieve Verkenning WLO Luchtvaartscenario’s, Amsterdam. (in Dutch)

Udo, J., L.H.J.M. Janssen en S. Kruitwagen, 2006, Stilte heeft zijn ‘prijs’, Economische Statistische Berichten, 13-1, p. 14-16. (in Dutch) 

Van Praag, B.M.S. en B.E. Baarsma, 2005, Using Happiness surveys to value intangibles: the case of airport noise, The Economic Journal, 115, p.224-246.

	1


NDI-values in recent literatureTable 

	
	Type of noise
	NDI
	Period
	Area 
	Remark

	
	
	
	
	
	

	Navrud (2002)
	Road
	0.08-2.3
	1950-1990
	Noorway, Sweden, Switserland, Finland, Australia, USA
	Overview of 28 other studies

	
	Air
	0.29-2.3
	1960-1996
	Australia, Canada, UK, USA
	Overview of 30 other studies

	Nelson (2004)
	Air
	0.5-0.6

0.8-0.9 
	1969-1993
	USA

Canada
	Meta-analysis

(33 NDI’s)

	Schipper (1999) 
	Air
	0.83
	1967-1996
	Australia, Canada, UK, USA
	Meta-analysis

(30 NDI’s)

	
	
	0.10-3.57
	1967-1996
	Australia, Canada, UK, USA
	Overview of other studies

	Udo (2005)
	Road and rail
	1.7 
	1996-2000
	Municipalities of Baarn and Soest, Netherlands
	

	
	Road
	0.21-1.6
	1974-2003
	Denmark, Noorway, Canada, Sweden, Japan, Schotland, Switserland, Australia
	Overview of 14 other studies

	
	Air
	0.4-2.3
	1979-1996
	Canada, UK, USA
	Overview of 7 other studies
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Variables used in the analysisTable 

	Variable
	Definition
	unit

	
	
	

	Ln (transactionprice)
	Natural logaritm of the transaction price of a house
	 103 euro

	Transaction year (4x)
	4 Dummy-variables: 2000 – 2003
	0 or 1

	Building period (7x)
	Dummy-variables: < 1905, 1906-1930, 1931-1944, 1945-1959, 1960-1970, 1971-1980, 1981-1990
	0 or 1

	Municipality (27x)
	27 municipality dummies
	0 or 1

	type of building(14x)
	14 Dummy-variables 
	0 or 1

	Ln(m2)
	Natural logaritm of the Floor surface of the house
	m2

	Maintenance inside (2x)
	2 Dummy-variables: good, reasonable
	0 or 1

	Isolation
	Dummy-variable; 1 if the house has more than 1 type of isolation
	0 or 1

	Garden
	Dummy-variable 1 if the house has a garden
	0 or 1

	Distance to station > 2 km
	Dummy-variable;1 if the distance to the nearest railway station is larger than 2 kilometers
	0 or 1

	Distance to ramp > 2 km
	Dummy-variable: if the distance to the nearest highway ramp is larger than 2 kilometers
	0 or 1

	Shops
	Normalized number of shops in a raster of 100 times 100 meter (a measure for  urban facilities)
	

	Road noise
	Average road noise
	dB(A)

	Rail noise
	Average rail noise
	dB(A)

	Aircraft noise
	Average aircraft noise
	dB(A)
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descriptive statistics for the variables usedTable 

	
	Minimum
	Maximum
	Average
	Std. Deviatie

	
	
	
	
	

	Price
	      16
	     3.450
	         235
	   152

	
	
	
	

	                                       House characteristics

	
	
	
	
	

	Surface (m2) 
	26
	530
	108,6
	44,822

	Maintenance inside good (dummy)
	
	
	0,8770
	0,3285

	Maintenance inside reasonable (dummy)
	
	
	0,1075
	0,3098

	Isolation
	
	
	0,3366
	0,4726

	Garden
	
	
	0,5376
	0,4986

	
	
	
	

	                                       Area characteristics

	
	
	
	
	

	Distance to station > 2 km
	
	
	0,3922
	0,4882

	Distance to ramp > 2 km
	
	
	0,4529
	0,4978

	Population density (x1.000)
	0,008
	28,398
	8,3666
	5,7885

	Shops
	
	
	0,0635
	0,0830

	Aircraft noise over 45 dB(A)
	0
	20
	2,0485
	3,1259

	Rail noise over 60 dB(A)
	0
	18
	0,1154
	0,9085

	Road noise over 55 dB(A)
	0
	23
	1,8588
	3,0073
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Results of empirical analysisTable 

	Variable
	Coëfficiënt
	Std. error
	Impact

	
	
	
	

	(Constant)
	8,4106**
	(0,0174)
	

	
	
	
	

	                                                            yeardummies

	Transaction in 2000
	0,1185**
	(0,0025)
	13%

	Transaction in 2001
	0,1903**
	(0,0025)
	21%

	Transaction in 2002
	0,2232**
	(0,0025)
	25%

	Transaction in 2003
	0,2226**
	(0,0024)
	25%

	                                         House characteristics

	
	
	
	

	Surface
	0,7795**
	(0,0036)
	118%

	Number of rooms
	0,0112**
	(0,0008)
	1%

	Maintenance inside good (dummy)
	0,1738**
	(0,0062)
	19%

	Maintenance inside reasonable (dummy)
	0,0714**
	(0,0065)
	7%

	Isolation
	0,0183**
	(0,0021)
	2%

	Garden
	0,0395**
	(0,0026)
	 4%

	Ground lease (dummy)
	( 0,0330**
	(0,0025)
	( 3%

	garage (dummy)
	0,1250**
	(0,0028)
	13%

	carport (dummy)
	0,0607**
	(0,0044)
	6%

	
	
	

	                                                Area characteristics

	
	
	
	

	Distance to station > 2 km
	( 0,0392**
	(0,0021)
	( 4%

	Distance to ramp > 2 km
	( 0,0309**
	(0,0018)
	( 3%

	Population density (x1.000)
	( 0,0097**
	(0,0002)
	( 1%

	Shops
	1,3327**
	(0,0145)
	279%

	Aircraft noise over 45 dB(A)
	( 0,008001**
	(0,000381)
	( 0,80%

	Rail noise over 60 dB(A)
	( 0,007237**
	(0,000850)
	( 0,72%

	Road noise over 55 dB(A)
	( 0,001375**
	(0,000264)
	( 0,14%

	
	
	
	

	Adjusted R2
	83%
	 Mean dependent var
	234.883

	Number of obs
	66.635
	  S.D. dependent var
	152.193

	

	 ** Significant at 1%, * significant at 5%.


Figure 1
costs of reducing noise by reducing the number of flights, GE-scenario 2020, mln euro’s

[image: image1.wmf]
Figure 2
Noise reduction and early depreciation
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Figure 3
Cost function by scenario
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Figure 4
Marginal costs and benefits, RC scenario, 2020
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� At the time the research was conducted, Lijesen was affiliated at the Netherlands Bureau for Economic Policy Analysis.


� www.boeing.com


� A more elaborate description of  this research project may be found in Lijesen et al. (2006, in Dutch), which is available for free download at http://www.cpb.nl/nl/pub/cpbreeksen/document/116/doc116.pdf


� Compare Morrison, Winston and Watson, 1999.


� See De Mooij and Tang (2003) for a description of these scenarios.


� Obviously, dividing the costs by the same discount rate will yield the same results.





