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University Participants 
 
Massachusetts Institute of Technology  

• PI: Professor R. John Hansman 
Co-PIs: Professor Christopher R. Knittel, Professor Steven Barrett, Professor Jing Li, and Dr. Florian Allroggen 

• FAA Award Number: 13-C-AJFE-MIT, Amendment Nos. 075 and 081  
• Period of Performance: August 11, 2020 to August 31, 2022  
• Tasks (tasks listed below are general project tasks; reporting includes the period from September 1, 2020 to 

August 31, 2021): 
1. Literature review  
2. Empirical identification strategy and scope of dataset  
3. Calculation of noise impact metrics 
4. Cleaning and aggregation of housing transaction dataset  
5. Descriptive analysis of dataset  
6. Empirical analysis (not reported; task planned to start in the next reporting period) 

 

Project Funding Level 
The funding includes $380,000 of FAA funding and $380,000 of matching funds, comprising approximately $112,000 
from Massachusetts Institute of Technology (MIT) and third-party in-kind contributions of $268,000 from NuFuels LLC. 
 

Investigation Team 
• Professor R. John Hansman, PI, MIT (Tasks 1, 2, 3, 5, and 6) 
• Professor Christopher R. Knittel, co-PI, MIT (Tasks 1, 2, 4, 5, and 6) 
• Professor Steven R.H. Barrett, co-PI, MIT (Tasks 1, 5, and 6) 
• Professor Jing Li, co-PI, MIT (Tasks 1, 2, 4, 5, and 6) 
• Dr. Florian Allroggen, co-PI, MIT (all tasks) 
• Dr. Xibo Wan, Postdoctoral Associate, MIT (Tasks 1, 2, 4, 5, and 6) 
• Madeleine Jansson, Graduate Student, MIT (Tasks 3 and 5) 
• Zhishen Wang, Graduate Student, MIT (Tasks 3 and 5) 
• Kevin Zimmer, Graduate Student, MIT (Tasks 3 and 5) 

 

Project Overview 
While enplanements at U.S. airports have increased by almost 50% over the past two decades, the number of Americans 
exposed to significant levels of aircraft noise has substantially decreased. However, considerable concerns regarding aircraft 
noise remain within some airport communities. This project leverages revealed-preference approaches to infer the “implicit 
price” of aircraft noise exposure from market outcomes in U.S. airport communities. More specifically, the research team is 
quantifying the capitalized disutility associated with aircraft noise exposure through analyzing the empirical relationship 
between aircraft noise exposure and transaction values for residential properties in communities surrounding U.S. airports. 
State-of-the-art empirical methods will be applied, which will leverage quasi-experimental settings of noise exposure 
changes. The project will empirically analyze the house price impacts of potential changes in noise exposure associated with 
the quasi-experimental settings. The results will provide insights into the average impacts of noise exposure on residential 
property values, while also assessing dynamic adjustment processes and potential heterogeneities in the revealed 
preferences and targeting factors, such as time, location, or noise exposure patterns. 

 
Task 1 - Literature Review 
Massachusetts Institute of Technology 
 
Objective 
The goal of this task is to review and summarize the existing body of literature in two topic areas: 

• Empirical analyses of the impacts of noise exposure on residential property values, and 
• Noise exposure metrics  

 



	
	

	
 

Research Approach 
The research team systematically reviewed and summarized the existing literature. This entailed: 

1. Presenting an overview of existing economic studies on the impacts of noise exposure on residential property values  
2. Comparing different noise metrics and their applications, including, but not limited to, day–night average sound 

level (DNL), equivalent sound level (LEQ), maximum sound levels (Lmax), and metrics that consider the frequency 
and amplitude of noise events. 

 
Milestone 
The team completed a preliminary literature review. 
 
Major Accomplishments 
The research team prepared a high-level literature summary of results, including both an overview of economic studies on 
the impacts of noise exposure on residential property values, and an overview of noise metrics and their applications. 
 
Economic literature 
Numerous studies have attempted to obtain empirical estimates of the causal impact of noise on residential property values 
(see Nelson, 2004; He et al., 2014; and Kopsch, 2016 for meta-analyses). To do so, house prices are modeled as a function 
of noise exposure, and other characteristics of the property (e.g., size or design) and the neighborhood (e.g., schools or 
crime). Typically, linear, log–linear, or log–log functional specifications are assumed. In their datasets, studies have initially 
relied on aggregate data, e.g., at the county level, whereas more recent work has almost exclusively considered geolocated 
data points for individual property transactions. In their meta-analyses, Nelson (2004), He et al. (2014), and Kopsch (2016) 
found that the noise depreciation index derived from empirical studies varies between 0.4 and 0.7.  
 
Despite the effort to understand the impact of noise on housing values, few recent research studies exist that have accounted 
for the role of asymmetric information regarding the characteristics of houses and neighborhoods when home buyers make 
housing decisions. Pope (2008a, 2008b) has found that some homebuyers did not pay attention to publicly available 
information about flood risk and airport noise prior to mandatory disclosure laws requiring them to sign forms stating their 
awareness of the amenities. Bakkensen and Barrage (2017) provided more direct evidence by surveying homebuyers about 
beliefs concerning flood risk. Their findings suggest that residents of more flood-prone areas are more likely to 
underestimate flood risk. Ma (2018) has shown how the learning process can be modeled and has found that accounting for 
learning has a large impact on estimates of the willingness to pay (WTP) for brownfield remediation. Adapting Ma’s approach 
to hedonic property-value models could both improve our understanding of households’ beliefs and help refine welfare 
measures. 
 
Another challenge in examining the impact of environmental amenities is potential omitted-variable bias, especially because 
the amenities will be spatially correlated due to natural features of geography and environmental feedback effects. Several 
research designs have been implemented to address this concern, including difference-in-differences (Chay and Greenstone 
2005, Davis 2004, Dundas 2017, Bento, Freedman, and Lang 2015), matching estimators (e.g., Abbott & Klaiber, 2013; Walls 
et al., 2017), spatial dummy variables (Kuminoff, Parmeter & Pope, 2010), and boundary-discontinuity designs (Black, 1999; 
Muehlenbachs, Spiller & Timmins, 2015; Pope, 2008b). Although these research designs can help mitigate problems 
associated with omitted-variable bias, each has its own challenges and assumptions. 
 
Finally, a large body of literature has been devoted to assessing WTP for nonmarginal changes in amenity and welfare 
implications (He et al., 2014; Wolfe et al., 2014; Wolfe et al., 2016; Wolfe et al., 2017). However, no consensus exists 
regarding the best-practice approach for the estimation. Some studies have used MWTP estimates to construct “back of the 
envelope” approximations of the WTP for policies expected to produce nonmarginal changes in amenities. The most common 
approach is to multiply the MWTP by the change in the amenity. For this calculation to yield a valid measure of WTP, the 
demand for the amenity must be perfectly elastic. When the change in the amenity is believed to be too large to assume 
perfectly elastic demand curves, an alternative approach is to establish bounds on WTP according to the logic of Varian 
(1982).  
 
Noise metrics 
The common metric for airport noise in the United States is the DNL, which represents the cumulative average noise level 
over a 24-hr period and penalizes nighttime overflights (between 10 p.m. and 7 a.m.) with an additional 10 dB. DNL is 
normally averaged over a full year to define a representative average day. An alternative noise metric that captures the 



	
	

	
 

operational frequency of aircraft overflights is the Nabove value, the number of times that overflight noise occurs above a 
certain maximum noise exposure level threshold during a 24-hr period. As with the DNL metric, nighttime overflights receive 
a 10-dB penalty. Nabove will vary by the day depending on traffic and runway use, and Nabove is commonly evaluated during a 
peak day of operations on a runway of interest. Brenner (2017) has found that a threshold level of 60 dB correlates well with 
noise complaints. 
 
Outreach 
The team presented insights into the literature review in a pre-recorded project outline during the ASCENT Fall meeting in 
2020 and in a presentation during the ASCENT Spring meeting in 2021. 
 
Student Involvement 
MIT graduate student Madeleine Jansson conducted research under this task. 
 
Plans for Next Period 
The team will continue to update the literature overview.  
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Task 2 – Empirical Identification Strategy and Scope of Dataset 
Massachusetts Institute of Technology 
 
Objective 
The goal of this task is to describe a valid strategy for empirically identifying the causal impacts of aircraft noise on residential 
property values. Based on the strategy, the team then derives the data requirements for the analysis.  
 
Research Approach 
The impacts of noise exposure can be monetized using different approaches. For quantifying health costs, the direct and 
indirect costs associated with mortality and morbidity endpoints can be calculated by using existing epidemiological data 
(e.g., Wolfe et al., 2017). For quantifying the total perceived noise costs (including annoyance), economists have proposed 
stated-preference and revealed-preference methods. Stated-preference approaches use surveys to obtain estimates of the 
willingness to pay for noise reductions and/or for the willingness to accept aircraft noise exposure (Bristow et al., 2015). 
Revealed-preference approaches include hedonic pricing, as suggested by Rosen (1974). This method infers the “implicit 
price” of noise exposure from market outcomes such as property values. The latter is the goal of this study.  
 
In their empirical implementation, hedonic pricing studies face a variety of challenges, including (a) potential omitted-variable 
bias, especially due to unobserved neighborhood characteristics and to omission of the positive amenity impact of airports 
in surrounding communities; (b) misspecification of the functional form; and (c) stability assumptions regarding preferences 
among individuals across space and time (Parmeter, Pope, 2013; Kuminhoff et al., 2010; Chay and Greenstone, 2005, Nelson, 
2004). This criticism has been addressed through methodical advancements. In an effort to assess functional specifications, 
some researchers have applied extensive sensitivity analyses or functional form tests (e.g., Kuminhoff, 2010). Omitted-
variable bias, especially for neighborhood characteristics, is often addressed by considering neighborhood fixed effects (e.g., 
Kuminhoff, 2010). Beimer and Maennig (2017) have proposed combining such a fixed-effect framework with a spatial lag. 
Furthermore, they have analyzed cross-dependencies between noise sources (see also Ahlfeldt & Maennig, 2011). Similarly, 
many models account for the amenity impact of airports through considering airport access as a control variable (reviewed 
in Nelson, 2004).  
 
The most recent studies have relied on quasi-experimental settings. These settings leverage changes in noise exposure, e.g., 
those due to flight track changes, to empirically identify the causal impacts of noise exposure on property values. Such an 
approach has been used by Boes and Nüesch (2011) and Almer et al. (2017) to study the property price effects of flight track 
changes at Zurich Airport; by Winke (2017) for studying the impacts of a new runway at Frankfurt Airport; and by Zheng et 
al. (2020) for studying the impacts of relocating Hong Kong Kai Tak Airport. As shown by Almer et al. (2017) and Zhen et al. 
(2020), this approach can be extended to systematically assess adjustment processes toward a new market equilibrium. 
However, it has not been applied for a large-scale comparative analysis of the impacts surrounding different airports or to 
study heterogeneities in the impacts between neighborhoods. Furthermore, most studies have focused on a single noise 
metric (e.g., the DNL, because of regulatory requirements), thereby providing limited insights into the impact mechanisms 
and their related noise characteristics.  
 
For this study, the team identified a number of experimental settings that provide exogenous variation in noise exposure to 
analyze the impacts of noise exposure on residential property values. Most importantly, the introduction of high-precision 
Area Navigation (RNAV) and/or Performance Based Navigation (PBN) procedures since 2012 has led to the relocation of 
departure and approach flight paths or may have concentrated noise exposure along defined flight tracks. In addition, new 
runway configurations, such as those at Chicago O’Hare airport, have led to changes in noise exposure patterns. This 
variation will be used as part of the analysis.  
 
Figure 1 summarizes the resulting approach and data requirements. 



	
	

	
 

 
 

Figure 1. Overview of identification and data required for the analysis. 
 
Milestone 
The team has formulated a preliminary empirical strategy. 
 
Major Accomplishments 
The research team prepared a summary of the planned approach, which is implemented for analysis. 
 
Outreach 
The team presented the approach in a pre-recorded project outline during the ASCENT Fall meeting in 2020 and in a 
presentation during the ASCENT Spring meeting in 2021. 
 
Plans for Next Period 
The team will continue to refine the empirical approach.  
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Task 3 - Calculation of Noise Metrics 
Massachusetts Institute of Technology 
 
Objective 
The goal of this task is to calculate aircraft noise exposure in communities surrounding selected U.S. airports. These analyses 
will be used to derive noise exposure changes associated with changes in flight trajectories (e.g., due to new runways or new 
procedures).  
 
Research Approach 
The MIT team uses the Aviation Environmental Design Tool (AEDT) to model the noise exposure based on historical flight 
track data at high temporal and spatial resolution. The high-resolution approach is required, because the noise changes in 
PBN procedures are expected to be highly localized. However, one limitation of AEDT is in processing speed. Because it 
calculates noise for each flight track individually, a single day of flights can require hours to process. To circumvent this 
limitation, a fast model was developed at MIT with support from this project (Jansson, 2021). This model uses AEDT outputs 
for various aircraft types to set up a noise lookup table. Next, it uses flight track data from the Airport Surface Detection 
Equipment, Model X (ASDE-X) and applies the noise–power–distance curves from AEDT to obtain accurate noise data on an 
annual scale. The approach is outlined in Figure 2. 
 

 
 

Figure 2. Noise modeling approach. 
 

Milestone 
The team set up the modeling chain and ran the model for two airports. 
 
Major Accomplishments 
The team set up the modeling chain and ran detailed noise analyses for the years 2012 and 2016 for Boston Logan and 
Chicago O’Hare airports (Task 4). 
 
Student involvement 
MIT graduate student Madeleine Jansson conducted research under this task. She graduated in September 2021. In addition, 
Zhishen Wang and Kevin Zimmer worked on this task. 
 
Publications 
Jansson, M. (2021). Development of a fast method to analyze patterns in airport noise [Master’s thesis, MIT Department of 
Aeronautics and Astronautics]. 
 



	
	

	
 

Plans for Next Period 
The team will continue this task by refining the modeling approach and simulating noise exposure at additional airports. 

 
Task 4 - Cleaning and Aggregation of the Housing Transaction Dataset 
Massachusetts Institute of Technology 
 
Objective 
The goal of this task is to obtain a dataset on transaction values for residential properties in the United States. The dataset 
needs to include detailed data for each transaction, including the location of the property, and the characteristics of the 
transaction (e.g., purchase price and closing date) and the property (e.g., lot and property sizes, and numbers of bedrooms 
and bathrooms). The team expects the datasets to require substantial validation and cleaning, which will be completed as 
part of this task. 
 
Research Approach 
The research team identifies and solves common problems with the Zillow Transactions and Assessor Dataset (ZTRAX). This 
process entails the following: 

1. Identifying transaction prices reflecting fair market value: the team uses information on data types, document types, 
loan types, price types, and intra-family flags to rule out the transactions involving distress, intrafamily transfer, 
below market value from public actors, or listed prices. 

2. Verifying the accuracy of geolocation of transacted properties: the team links the ZTRAX records to parcel polygons 
and identifies the locations of buildings within a parcel. By comparing the centroid of a parcel with the 
corresponding building geolocation, the team can identify the correct datum for each property and replace incorrect 
locations with correct ones. 

3. Addressing missing or mismeasured data for standard housing attributes: the team conducts a series of data 
inspections, such as “sanity checks” and correlation calculation, to understand whether data errors are random or 
systematic. 

 
Milestone 
The team has access to U.S.-wide transaction data and has set up a data cleaning routine.  
 
Major Accomplishments 
The team has access to U.S.-wide transaction data from Zillow’s ZTRAX database. The team has compiled a dataset of 
residential real-estate transactions in the Boston area for the years 2007 to 2021.  
 
Plans for Next Period 
The team will continue to roll out the acquisition of the dataset to further airports.  

 
  



	
	

	
 

Task 5 - Descriptive Analysis of the Dataset 
Massachusetts Institute of Technology 
 
Objective 
For a small subset of airports, the team will conduct descriptive analyses of noise and residential property value data to gain 
insights into the validity of the datasets, as well as general noise and property value trends.  
 
Research Approach 
Descriptive analyses are conducted by analyzing data obtained under Tasks 3 and 4. As a first point of reference, descriptive 
analysis of noise data was conducted for Chicago O’Hare airport, and residential property value trends were analyzed for the 
Boston area. All analyses are limited to a radius of 20 nautical miles around Boston Logan and Chicago O’Hare airports, 
because of range limitations for the ASDE-X data. 
 
Milestone 
Preliminary descriptive analyses were completed for Boston Logan and Chicago O’Hare airports. 
 
Major Accomplishments 
 
Descriptive analyses of noise trends for Chicago O’Hare airport  
Chicago O’Hare airport data taken from ASDE-X were run through the fast noise modeling method to create the average 24-
hr DNL noise plots shown in Figure 3. One run was completed for 2011, and one run was completed for 2016. This procedure 
allows us to compare the noise levels before and after the opening of runway 10C/28C and runway 10R/28L which opened 
in 2013 and 2015, respectively. In the preliminary results, we observe noise increases in the east–west direction and a slight 
noise decrease in the northwest region. These noise changes track the changes in runway configuration for Chicago O’Hare 
Airport. 
 

   
 

Figure 3. Average annual DNL in 2011 (left) and 2016 (right), overflights from KORD. 
 
Descriptive analyses of residential real-estate value in the Boston area 
To understand the changes in housing prices in Boston over time, the team filtered the house sample to include those houses 
sold at least once between 2007 and 2011 and sold again at least once between 2016 and 2021. Among these samples, the 
team compared the inflation-corrected housing price of the same house between these two periods. The spatial differences 
are shown in Figure 4, in which each dot represents a house sample with a repeat sale record over our study period. Red 
represents an increase in housing price, and blue represents a decrease in housing price. The darker the color, the larger is 
the magnitude of housing price change. A substantial number of houses in the central and east areas experienced an increase 



	
	

	
 

in sales price, whereas houses in the north and south areas appeared to have negligible price changes throughout these 
years. 

 

 
Figure 4. Housing price changes over time. 

 
Student involvement 
MIT graduate student Madeleine Jansson conducted research under this task. She graduated in September 2021. In addition, 
graduate students Zhishen Wang and Kevin Zimmer worked on this task. 
 
Plans for Next Period 
The team will continue to roll out descriptive analyses to evaluate general trends and dataset validity.  
 


