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Abstract 

 

In many parts of the United States, people vacation for extended periods of time away 

from their primary residences. Around Chicago, families summer next to Lake Michigan or 

travel to lakes in Wisconsin. New England has Cape Cod, Martha’s Vineyard, and the lakes of 

Maine. New Yorkers travel upstate; San Franciscans venture to Lake Tahoe and Napa Valley. 

The existence of these vacation markets within driving distance from major metropolitan areas 

leads to unique developments in the second home market. While it is clear the housing market 

has changed substantially over the last two decades, little attention has been paid to the changes 

in this market segment. This paper attempts to better understand how: (1) concentration of 

second homes affects price level, and (2) how this effect has changed after the financial crisis of 

2008. Using census data from 2010 and 2000, I propose a hedonic pricing model that includes a 

measure of percentage of second homes as an explanatory variable. I test my model using data 

from Maine and Massachusetts to show that prices are pushed upward by a higher concentration 

of second homes, and that this price pressure was affected by the crisis. 
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I. Introduction 

a. History of second homes in the United States 
 

During the middle and late 1800s, as major cities developed and experienced 

overcrowding, wealthy Americans searched for an escape from these oppressing conditions.1 

Some of the earliest cottages appeared in Newport, Rhode Island, including homes built for 

George Noble Jones2 (Kingscote, 1839), William Wetmore3 (Chateau-Sur-Mer, 1852), and 

Edmund Schermerhorn4 (Chepstow, 1860). Other areas, such as Northern Wisconsin, were not 

nearly as developed.5 However, by the start of the 20th century, many summer colonies (such as 

Martha’s Vineyard, Nantucket, and Kennebunkport) were well on their way to developing into 

burgeoning destinations.6  

This growth continued into the 1920s, especially in parts of Florida and California,7 but 

slowed considerably during the Great Depression and the onset of World War II. It was not until 

the 1950s when growth began anew, especially as access to remote areas increased and vacation 

homes became more comfortable.8 Hart notes that “by 1970, the land-merchandising business 

had become a gigantic industry.” Nearly 3 million households owned vacation homes; this 

number was on track to top 3.75 million by 1978. National surveys conducted at this time 

indicated that 8.5% of all households owned a recreational piece of land.9 Until this time, most 

summer homes were of two types: either a small, cabin-like structure built near hills or bodies of 

water, or summer mansions for the wealthy (as mentioned above). However, in the early 1970s 

this changed. Many middle and upper-middle class families purchased second homes. Sub-

divisions, recreational communities, vacation condominiums, and exclusive clubs began to 

appear.10 In Maine, for example, it was no longer profitable to farm or harvest timber from most 

plots. Many families moved elsewhere and consequently sold their land.11 Some of these plots 

                                                           
1 Jackson, Kenneth T. Crabgrass Frontier. New York: Oxford University Press, Inc., 1985. 
2 “Kingscote: Kingscote’s Coming of Age: A Sentimental Journey.” The Preservation Society of Newport County. 30 Apr. 2012. 
<http://www.newportmansions.org/learn/research-reports/kingscote>. 
3 “Chateau-sur-Mer.” The Preservation Society of Newport County. 30 Apr. 2012. <http://www.newportmansions.org/explore/chateau-sur-mer>. 
4 “Chepstow.” The Preservation Society of Newport County. 30 Apr. 2012. <http://www.newportmansions.org/explore/chepstow>. 
5 Hart, John Fraser. “Resort Areas in Wisconsin.” Geographical Review, Vol. 74, No. 2 (Apr., 1984), pp. 192-217. 
6 Ebner, Michael H. “Martha’s Vineyard and the Vacation Tradition.” Review of City in the Woods: The Life and Design of an American Camp 
Meeting on Martha's Vineyard by Ellen Weiss, Reviews in American History, Vol. 16, No. 2 (Jun., 1988), pp. 251-254. 
7 Ragatz, Richard L, and H. Ken Cordell. A Comprehensive Bibliography On Vacation Homes And Recreational Lands In the United 
States. [Asheville, N.C.]: Dept. of Agriculture, Forest Service, Southeastern Forest Experiment Station, 1980. 
8 Hart, 1984. 
9 Ragatz and Cordell, 1980. 
10 Ragatz and Cordell, 1980. 
11 Acheson, James M. and Jon McCloskey. “Causes of Deforestation: The Maine Case.” Human Ecology, Vol. 36, No. 6 (Dec., 2008), pp. 909-
922. 
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were bought by local residents who lived within an hour’s driving distance. Additionally, 

investors purchased these properties for speculative reasons, splitting farms into smaller, house 

sized lots. They constructed houses for people from cities and other states, hoping home values 

would increase quickly. In 1994, 4.8 million households were estimated to own vacation 

properties. By 2000 it was estimated that the prime buyer of these homes, 35-54 year olds with 

no children (baby boomers), could double.12 In 2010, 502,000 vacation homes were purchased.13 
 

b. Housing market from 2000 to 2010 
 

The housing market between 2000 and 2010 can be broken into two distinct periods. The 

first period, from 2000 to 2006, was characterized by unprecedented growth. Both annual 

housing starts14 and homeownership rates grew.15 The literature shows that government policies 

facilitated this growth in many ways, including favorable tax policies,16 ease of government 

sponsored financing,17 and a general push to increase minority homeownership rates.18 Alan 

Greenspan, ex-Federal Reserve Chairman, is quoted as saying “...an increased rate of home 

ownership has been chosen by our society as a national priority, with many public- and private-

sector resources devoted to achieving this goal.”19 Many papers were also published about the 

role of the expanded mortgage market in the financial crisis.20 

As quickly as the market rose, it fell. From September 2006 to January 2012, the Case-

Shiller Home Price Index composite 20 fell from 203.61 to 136.6, a 32% decline.21 Housing 

                                                           
12 Smith, Anne Kates, and Mike Tharp. "The New Vacation Home Bonanza." U.S. News & World Report 2 Apr. 1995. 
13 Wotapka, Dawn. “More Investors, Vacationers Snap Up Homes.” The Wall Street Journal 29 March 2012. 
14 “Annual Housing Starts (1978-2011).” National Association of Home Builders. 30 Apr. 2012. 
<http://www.nahb.org/generic.aspx?genericContentID=554>. 
15 “Housing Vacancies and Homeownership (CPS/HVS).” United States Census Bureau. 30 Apr. 2012. 
<http://www.census.gov/hhes/www/housing/hvs/annual05/ann05t12.html>. 
16 “Home Ownership: What are the tax benefits? – The Tax Policy Briefing Book – A Citizens’ Guide for the 2008 Election and Beyond.” The 
Tax Policy Center Urban Institute and Brookings Institution. <http://www.taxpolicycenter.org/briefing-book/key-
elements/homeownership/encourage.cfm>. 
17 Gerardi, Kristopher, Andreas Lehnert, Shane M. Sherlund and Paul Willen. “Making Sense of the Subprime Crisis.” Brookings Papers on 
Economic Activity, Vol. 2008, (Fall, 2008), pp. 69-145. 
18 “Overview of the GSEs’ Housing Goal Performance, 2000 – 2007.” U.S. Department of Housing and Urban Development, Office of Policy 
Development and Research. Nov. 2008, p.4. <http://www.huduser.org/Datasets/GSE/gse2007.pdf>. 
19 Greenspan, Alan. “Economic Development and Financial Literacy.” Remarks at the Ninth Annual Economic Development Summit, The 
Greenlining Institute. Oakland, California. 10 Jan. 2002. 
20 Ed. Fernald, Marcia. “The State of the Nation’s Housing: 2006.” Joint Center for Housing Studies of Harvard University. 2006. 
<http://www.jchs.harvard.edu/sites/jchs.harvard.edu/files/son2006.pdf>. See also Wilcox, James A. “Underwriting, Mortgage Lending, and 
House Prices: 1996-2008.” Business Economics, Vol 44, No. 4, 2009, pp. 189-200; Rom, Mark Carl. “The Credit Rating Agencies and the 
Subprime Mess: Greedy, Ignorant, and Stressed?” Public Administration Review, Vol. 69, No. 4 (Jul. - Aug., 2009), pp. 640-650. 
21 “S&P/Case-Shiller Home Price Indices.” Standard & Poor’s Financial Services LLC. 30 Apr. 2012. 
<http://www.standardandpoors.com/indices/sp-case-shiller-home-price-indices/en/us/?indexId=spusa-cashpidff--p-us---->. See also “S&P/Case-
Shiller Home Price Indices –Index Methodology.” <http://www.standardandpoors.com/servlet/BlobServer?blobheadername3=MDT-
Type&blobcol=urldata&blobtable=MungoBlobs&blobheadervalue2=inline%3B+filename%3DMethdology_SP_CS_Home_Price_Indices_Web.
pdf&blobheadername2=Content-Disposition&blobheadervalue1=application%2Fpdf&blobkey=id&blobheadername1=content-
type&blobwhere=1243624745188&blobheadervalue3=UTF-8>. 
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starts also fell sharply in these years and have continued to drop from a 2005 high of 1.7 million 

single-family homes.22 

Table1a: Case-Shiller index, 2000 to 2010, National23 
 

 
 

Table 1b: Case-Shiller index, 2000 to 2010, Boston24 
 

 

 

Notice that Boston’s price level did not experience a similar precipitous rise and fall because 

prices were likely higher on average in 2000. 

                                                           
22 National Association of Home Builders, 1978-2011. 
23 Calculated from January 2000 to December 2010, using data from the 20 city composite index, SPC20R-SA. Accessed on April 4th, 2012. 
<http://www.standardandpoors.com/indices/sp-case-shiller-home-price-indices/en/us/?indexId=spusa-cashpidff--p-us---->. 
24 Calculated from January 2000 to December 2010, using data from the Boston index, BOXR-SA. Accessed on April 4th, 2012. 
<http://www.standardandpoors.com/indices/sp-case-shiller-home-price-indices/en/us/?indexId=spusa-cashpidff--p-us---->. 
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Table 2: National Housing starts, 2000 to 201025 
 

Year Single-Family Multi-Family Total 

2000 1,230,900 337,800 1,568,700 

2001 1,273,300 329,400 1,602,700 

2002 1,358,600 346,400 1,704,900 

2003 1,499,000 348,700 1,847,700 

2004 1,610,500 345,300 1,955,800 

2005 1,715,800 352,500 2,068,300 

2006 1,465,400 335,500 1,800,900 

2007 1,046,000 309,000 1,355,000 

2008 622,000 283,500 905,500 

2009 445,100 108,900 554,000 

2010 471,200 115,700 586,900 

 

Numerous factors were at play, including an oversupply of housing and a tightening of 

credit; however, such a discussion is outside the scope of this paper. For a thorough discussion 

on the causes of the financial crisis, please read “Making Sense of the Subprime Crisis.”26 
 

Table 3: Overview of Housing Units in Maine and Massachusetts, 2000 to 201027 
 

Massachusetts 
 

 Number of Homes28 Number of Second Homes 

2000 2,621,989 93,771 

2010 2,808,254 115,630 

% Change +7.10% +23.31% 

 

 

 

 

 

                                                           
25 National Association of Home Builders, 1978-2011. 
26 Gerardi, et al., 2008. See also Gerardi, Kristopher, Christopher Foote, and Paul Willen. “Reasonable People Did Disagree: Optimism and 
Pessimism About the U.S. Housing Market Before the Crash.” Federal Reserve Bank of Boston, Public Policy Discussion Paper. 10 Sep. 2010. 
27 Table QT-H1, 2010 Census Summary File 1 (SF1); Table DP-1, 2000 SF1. “American FactFinder.” U.S. Census Bureau. 
<http://factfinder2.census.gov>. Hereafter referred to as “FactFinder.” 
28 Corresponds to the census definition of “housing units.” 
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Maine 
 

 Number of Homes Number of Second Homes 

2000 651,901 101,470 

2010 721,830 118,310 

% Change +10.73% +16.60% 

 

Since I am focusing on the Massachusetts and Maine markets between 2000 and 2010, it is 

interesting to see that the number of second homes has risen by about 39,000. In percentage 

terms, second homes grew at a faster rate than primary homes. 

 

II. Review of Existing Literature 

 

The second home market in the United States is significantly more complicated than that 

in smaller countries like Spain and France. I believe that the complexity of the United States 

second home market explains why the literature is more segmented and tends to focus on 

subtopics within the category of second homes. Some have investigated the trend of the early 

baby boomer generation converting second homes to a primary retirement residence.29 Others 

investigate the economic welfare effects of vacation homes.30 There is a body of work 

understanding the movement of “snowbirds,”31 including counting them and understanding the 

“impacts on both the sending and receiving communities.”32 Counting snowbirds presents issues 

during census operations, particularly for the annual American Community Survey, and in small 

localities.33 

During the 60s and 70s, researchers instead focused on understanding inter-US 

population movements, and subsequently an analysis of vacation homes was lacking.34 Others 

                                                           
29 Phillips, Phillip D. and Stanley D. Brunn. “Slow Growth: A New Epoch of American Metropolitan Evolution.” Geographical Review, Vol. 68, 
No. 3 (Jul., 1978), pp. 274-292. See also Wotapka, 2012. 
30 Skak, Morten. “Restricting ownership of vacation homes.” Tourism Economics, Vol. 10, No. 4 (Dec., 2004), pp. 435-447. 
31 Snowbirds are retirees who flee from the cold winters of Northern states to Sun Belt states, like Arizona and Florida. 
32 Happel, Stephen K. and Timothy D. Hogan. “Counting Snowbirds: The Importance of and the Problems with Estimating Seasonal 
Populations.” Population Research and Policy Review, Vol. 21, No. 3 (Jun., 2002), pp. 227-240. See also Smith, Stanley K. and Mark House. 
“Temporary Migration: A Case Study of Florida.” Population Research and Policy Review, Vol. 26, No. 4 (Aug., 2007), pp. 437-454; Ragatz, 
Richard Lee. “Vacation Homes in the Northeastern United States: Seasonality in Population Distribution.” Annals of the Association of American 
Geographers, Vol. 60, No. 3 (Sep., 1970), pp. 447-455. 
33 Van Auken, Paul M., Roger B. Hammer, Paul R. Voss and Daniel L. Veroff. “The American Community Survey in Counties with ‘Seasonal’ 
Populations.” Population Research and Policy Review, Vol. 25, No. 3, [Special ACS Issue] (Jun., 2006), pp. 275-292.  
34 Ragatz, Richard Lee. “Vacation Housing: A Missing Component in Urban and Regional Theory.” Land Economics, Vol. 46, No. 2 (May, 
1970), pp. 118-126. 
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investigated the history of summer homes in areas such as Wisconsin,35 Martha’s Vineyard,36 

and Northern New England.37 Many of these historical papers highlight the environmental 

effects of the growth in second homes, such as deforestation38 or increased forest fire risk.39 One 

journal humorously details the increased number of bear encounters describing them as “feeding 

machines.”40 A more recent subtopic relates to the emergence of timeshares. Sampson 

investigates the use of optimization models to improve timeshare exchange outcomes,41 while 

Wang and Krishna propose an alternative “top trading cycles chains and spacebank” (TTCCS) 

mechanism.42  Berger presents an overview of the timeshare market in the US, focusing on the 

legal underpinnings.43 

Papers have considered the tax implications of high numbers of second homes. One paper 

explains a tax loophole that was closed, where vacation home owners were deducting rental 

expenses that were actually personal expenses.44 Two others investigate the tax effects of an 

increase in second home development, one defending45 and the other countering,46 the claim that 

an increased number of second homes is beneficial for rural communities. 

Second homes are not just an American phenomenon. A significant amount of literature 

investigates second home trends in Western European.47 Other parts of the world, such as 

Yugoslavia48 and Cape Town49 are also studied, albeit to a lesser extent. As early as the 1970s,50 

                                                           
35 Hart, 1984.  
36 Ebner, 1988. 
37 Lewis, George K. “Population Change in Northern New England.” Annals of the Association of American Geographers, Vol. 62, No. 2 (Jun., 
1972), pp. 307-322. See also Bassett, T. D. Seymour. “Documenting Recreation and Tourism in New England.” The American Archivist, Vol. 50, 
No. 4 (Fall, 1987), pp. 550-569. 
38 Bürgi, Matthias, Emily W. B. Russell and Glenn Motzkin. “Effects of Postsettlement Human Activities on Forest Composition in the North-
Eastern United States: A Comparative Approach.” Journal of Biogeography, Vol. 27, No. 5 (Sep., 2000), pp. 1123-1138. See also Acheson and 
McCloskey, 2008.  
39 Box, Thad. “Listening to the Land: Smokey's Altered Habitat.” Rangelands, Vol. 28, No. 2 (Apr., 2006), pp. 38-39. 
40 Appalachian State University. “Signs Of The Times.” Appalachian Journal, Vol. 27, No. 2 (Winter 2000), pp. 142-151. 
41 Sampson, Scott E. “Optimization of Vacation Timeshare Scheduling.” Operations Research, Vol. 56, No. 5 (Sep. - Oct., 2008), pp. 1079-1088. 
42 Wang, Yu and Aradhna Krishna. “Timeshare Exchange Mechanisms.” Management Science, Vol. 52, No. 8 (Aug., 2006), pp. 1223-1237.  
43 Berger, Curtis J. “Timesharing in the United States.” The American Journal of Comparative Law, Vol. 38, Supplement. (1990), pp. 131-151.  
44 Lawyer, Jeffrey T. “Vacation Homes, Section 280A and Bolton v. Commissioner: The Right Result for the Wrong Reasons.” Duke Law 
Journal, Vol. 1985, No. 3/4, Sixteenth Annual Administrative Law Issue (Jun. - Sep., 1985), pp. 793-812. 
45 Richey, Clyde W. “Value and Property Taxes of a Second Home Subdivision: Case Study.” Land Economics, Vol. 48, No. 4 (Nov., 1972), pp. 
387-392. 
46 Fritz, Richard G. “Tourism, Vacation Home Development and Residential Tax Burden: A Case Study of the Local Finances of 240 Vermont 
Towns.” The American Journal of Economics and Sociology, Vol. 41, No. 4 (Oct., 1982), pp. 375-385. See also Torres, E. and J.S. Domínguez-
Menchero. “The Impact of Second Homes on Local Taxes.” Fiscal Studies, Vol. 27 (2006), pp. 231–250. 
47 In Europe, the term “second home” is significantly more prevalent than “vacation home.” For an overview of second homes in Europe, see 
Gallent, Nick and M. Tewdwr-  Jones. Rural Second Homes in Europe. Examining Housing Supply and Planning Control. Ashgate Publishing 
Company, 2000. 
48 Gosar, Anton. “Second Homes in the Alpine Region of Yugoslavia.” Mountain Research and Development, Vol. 9, No. 2 (May, 1989), pp. 
165-174. 
49 Visser, Gustav. “Second homes and local development: Issues arising from Cape Town’s De Waterkant.” GeoJournal, Vol. 60, No. 3, Tourism 
and Development in Southern Africa (2004), pp. 259-271. 
50 Clout, Hugh D. “Second Homes in the Auvergne.” Geographical Review, Vol. 61, No. 4 (Oct., 1971), pp. 530-553.  
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researchers were investigating trends amongst second homes in France51 and Britain,52 and in 

Spain in the late eighties.53 Many of these papers explore changes in the numbers and locations 

of second homes, as well as demographic profiles of second home owners. Others discuss tools 

for forecasting growth in particular areas54 or policy responses to this growth.55 Policy response 

is particularly important in England, where some 

“…see second homes as a flagrant inequality, as conspicuous consumption, or as a 

factor adversely affecting rural economics and communities; others see them as a natural 

and desirable form of recreation, and as stimulating the economy and vitality of rural 

areas.”56 

Most of these investigate time series trends and do not provide much, if any, insight into effects 

on price levels.57 One paper focused on the growth of homes in rural Wales, speculating that 

“second homes are a relatively small component of wider processes affecting rural communities, 

though extremely significant in some areas.”58 More recent literature has attempted to provide 

empirical data to predict likelihood of second home ownership. A 2007 profile of Spain used 

primary homeowner characteristics to predict whether or not the homeowner would also have a 

second home. These researchers found that those living in dense urban areas were more likely to 

own a second home –age and car ownership were also significant.59 

 

III. Review of Housing Demand and Pricing Models 

a. Non-hedonic Demand Models 

 

The majority of the housing demand literature focuses upon discovering the income 

elasticity of housing demand or using models to predict future housing demand from past data. 

Smith and Campbell present an early table with a wide range of estimated elasticity values. 

                                                           
51 Clout, 1971.  
52 Gallent, Nick, Alan Mace and Mark Tewdwr-Jones. “Second Homes: A New Framework for Policy.” The Town Planning Review, Vol. 75, No. 
3 (2004), pp. 287-308.  
53 Barke, Michael and Lesley A. France. “Second homes in the Balearic Islands.” Geography, Vol. 73, No. 2 (April 1988), pp. 143-145. See also 
Barke, Michael. “The growth and changing pattern of second homes in Spain in the 1970s.” Scottish Geographical Magazine, Vol. 107, No. 1 
(1991), pp. 12-21. 
54 Barke, Michael. “Second Homes in Spain: An analysis of change at the provincial level, 1981-2001.” Geography , Vol. 92, No. 3 (Autumn 
2007), pp. 195-207. 
55 Gallent et al., 2004. 
56 Shucksmith, D. M. “Second Homes: A Framework for Policy.” The Town Planning Review, Vol. 54, No. 2 (Apr., 1983), pp. 174. 
57 However, many of the papers in this section reply upon census data to identify second homes. 
58 Gallent, Nick, Alan Mace and Mark Tewdwr-Jones. “Dispelling a Myth? Second Homes in Rural Wales.” Area, Vol. 35, No. 3 (Sep., 2003), 
pp. 271.  
59 Cabrerizo, Juan Antonio Módenes, Julián López Colás and Glenn Robertson. “Second Homes in Spain: Socio-Demographic and Geographical 
Profiles.” Population (English Edition, 2002-), Vol. 62, No. 1 (2007), pp. 157-171. 
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However, they assert that many of these past values are incorrect due to data issues and 

aggregation biases.60 Estimated elasticities range from .4561 to 1.50.62 Two examples of early 

demand forecasting models are both from southern California. Krekorian uses a utility 

maximizing model to predict residential construction in Pomona,63 while Martin uses a LAMA 

model to show large errors when compared to actual housing outcomes. Martin goes on to say 

“housing market theory is likewise in a ‘Model-T’ stage of development…”64 implying that 

many of the current models must be used with caution. More recent papers have strayed away 

from these general predictive models and focused on demographics of home buyers,65 such as 

age66 and income level. Ermisch looks at how housing demand changes with age, and affirms 

similar price and income elasticities found in other literature.67 Follain segments demand for 

housing by income level, discovering that low-income purchasers are less reactive to price 

changes than high-income purchasers.68 From here, other papers branch into relatively under-

researched areas, such as understanding how household debt levels and current home prices 

affect demand,69 or how the desire to maintain appearances lead to changes in demand profiles.70 

Taking a different approach, Shenggen presents a two stage LES-AIDS71 model72 and Quigley 

presents an intra-metropolitan mobility model.73 

 

                                                           
60 Smith, Barton and J. M. Campbell, Jr. “Aggregation Bias and the Demand for Housing.” International Economic Review, Vol. 19, No. 2 (Jun., 
1978), pp. 495-505.  See also Derrick, Frederick W. and John D. Wolken. “The Effects of Price Aggregation Bias in Systems of Demand 
Equations.” Journal of Business & Economic Statistics, Vol. 3, No. 4 (Oct., 1985), pp. 325-331 for a further discussion of aggregation bias in 
demand functions. 
61 Hanushek, Eric A. and John M. Quigley. “What is the Price Elasticity of Housing Demand?” The Review of Economics and Statistics , Vol. 62, 
No. 3 (Aug., 1980), pp. 449-454.  
62 Smith and Campbell, 1978. 
63 Krekorian, Gene P. “The Demand for Residential Construction—Pomona, California.” The American Economist, Vol. 16, No. 2 (Fall, 1972), 
pp. 4-16. 
64 Martin, Preston. “Aggregate Housing Demand: Test Model, Southern California.” Land Economics, Vol. 42, No. 4 (Nov., 1966), pp. 503-513. 
65 Lee, Gabriel S., Philipp Schmidt-Dengler, Bernhard Felderer and Christian Helmenstein. “Austrian Demography and Housing Demand: Is 
There Connection.” Vienna Yearbook of Population Research, Vol. 1, (2003), pp. 35-50. 
66 See also Marcin, Thomas C. “The Effect of Declining Population Growth on Housing Demand.” Challenge, Vol. 19, No. 5 (Nov. /Dec. 1976), 
pp. 30-33. 
67 Ermisch, John. “The Demand for Housing in Britain and Population Ageing: Microeconometric Evidence.” Economica, New Series, Vol. 63, 
No. 251 (Aug., 1996), pp. 383-404. 
68 Follain, Jr., James R. “A Study of the Demand for Housing by Low Versus High Income Households.” The Journal of Financial and 
Quantitative Analysis, Vol. 14, No. 4, (Nov., 1979), pp. 769-782. A similar paper notes that “…second homes purchased would appear to be 
highly sensitive to income and income change.” See Winger, Alan R. “Future Residential Mortgage Demands and Supplies.” Financial Analysts 
Journal, Vol. 24, No. 5 (Sep. - Oct., 1968), pp. 80. 
69 Kearl, J. R. and Frederic S. Mishkin. “Illiquidity, the Demand for Residential Housing, and Monetary Policy.” The Journal of Finance, Vol. 32, 
No. 5 (Dec., 1977), pp. 1571-1586. See also Lamont, Owen and Jeremy C. Stein. “Leverage and House-Price Dynamics in U.S. Cities.” The 
RAND Journal of Economics, Vol. 30, No. 3 (Autumn, 1999), pp. 498-514. 
70 Ioannides, Yannis M. and Jeffrey E. Zabel. “Neighbourhood Effects and Housing Demand.” Journal of Applied Econometrics, Vol. 18, No. 5, 
Empirical Analysis of Social Interactions (Sep. - Oct., 2003), pp. 563-584. The authors refer to this effect as “keeping up with the Joneses.” 
71 LES stands for linear expenditure system. AIDS stands for almost ideal demand system. 
72 Fan, Shenggen, Eric J. Wailes and Gail L. Cramer. “Household Demand in Rural China: A Two-Stage LES-AIDS Model.” American Journal 
of Agricultural Economics, Vol. 77, No. 1 (Feb., 1995), pp. 54-62. 
73 Hanushek, Eric A. and John M. Quigley. “An Explicit Model of Intra-Metropolitan Mobility.” Land Economics, Vol. 54, No. 4 (Nov., 1978), 
pp. 411-429. 
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b. Home Price Indices 

 

Until 1963, home price indices existed only in the form of proxies, often using 

construction costs as an instrument.74 Bailey, Muth, and Nourse presented the first index using 

repeated sales of the same property.75 The idea behind this is simple: by looking at the sales price 

of the same house over time, assuming no changes were made, one can construct a price index. 

The most common price indices today are the Case-Shiller indices.76 Case and Shiller improved 

the methodology by constructing a weighted repeat sales method.77 However, others have 

expressed concerns with the repeated sales method and proposed alternatives. Clapp and 

Giaccotto propose a new method using assessed value, finding their results to be less prone to 

sample selection issues than those of Case and Shiller’s 1987 work.78 Case, Pollakowski, and 

Wachter advocate for a hybrid model that combines hedonic estimates with weighted repeat-

sales data. However, their results seem to indicate that even this hybrid model suffers from 

biases due to systematic differences between multiple and single transacting houses.79 

Goeztmann and Peng correct for the presence of seller reservation prices that potentially biased 

previous indices.80 Other variations include McMillen and Dombrow’s Fourier model (uses data 

from Evanston),81 Clapp’s semi parametric approach,82 Peng’s generalized method of moment 

model,83 and Iversen’s spatial–temporal Markov random-field model.84 A 2010 paper examined 

                                                           
74 Blank, David M. “Relationship Between an Index of House Prices and Building Costs.” Journal of the American Statistical Association, Vol. 
49, No. 265 (Mar., 1954), pp. 67-78. 
75 Bailey, Martin J., Richard F. Muth and Hugh O. Nourse. “A Regression Method for Real Estate Price Index Construction.” Journal of the 
American Statistical Association, Vol. 58, No. 304 (Dec., 1963), pp. 933-942. 
76 See footnote 21. 
77 Case, Karl E. and Robert J. Shiller. “Prices of single-family homes since 1970: new indexes for four cities.” New England Economic Review, 
Federal Reserve Bank of Boston, (Sep., 1987) pp. 45-56. See also Case, Karl E. and Robert J. Shiller. “The Efficiency of the Market for Single-
Family Homes.” The American Economic Review, Vol. 79, No. 1 (Mar., 1989), pp. 125-137. 
78 Clapp, John M. and Carmelo Giaccotto. “Estimating Price Indices for Residential Property: A Comparison of Repeat Sales and Assessed Value 
Methods.” Journal of the American Statistical Association, Vol. 87, No. 418 (Jun., 1992), pp. 300-306. 
79 Case, Bradford, Henry O. Pollakowski and Susan M. Wachter. “On Choosing Among House Price Index Methodologies.” AREUEA Journal, 
Vol. 19, No. 3, (1991) pp. 286-307. See also Case, Bradford and John M. Quigley. “The Dynamics of Real Estate Prices.” The Review of 
Economics and Statistics, Vol. 73, No. 1 (Feb., 1991), pp. 50-58. 
80 Goetzmann, William and Liang Peng. “Estimating House Price Indexes in the Presence of Seller Reservation Prices.” The Review of Economics 
and Statistics, Vol. 88, No. 1 (Feb., 2006), pp. 100-112. 
81 McMillen, Daniel P. and Jonathan Dombrow. “A Flexible Fourier Approach to Repeat Sales Price Indexes.” Real Estate Economics, , Vol. 29 
No. 2, (Summer, 2001) pp. 207-225. 
82 Clapp, John M. “A Semiparametric Method for Estimating Local House Price Indices.” Real Estate Economics, Vol. 32 No. 1, (Spring, 2004) 
pp. 127-160. 
83 Peng, Liang. “GMM Repeat Sales Price Indices.” Real Estate Economics, Vol. 30, No. 2, (2002) pp. 239-261. 
84 Iversen, Jr., Edwin S. “Spatially Disaggregated Real Estate Indices.” Journal of Business & Economic Statistics, Vol. 19, No. 3 (Jul., 2001), pp. 
341-357. 
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five repeat sales indices, finding that “…the autoregressive model seems to best embody what an 

index should represent and what housing indices are actually used for.”85 

 

c. Hedonic Pricing Models 

 

Tinbergen presented the initial hedonic pricing model, based upon early work from the 

1950s.86 Hedonic pricing models are typically used to value specific characteristics of a 

demanded good. The good has varying degrees of these characteristics, and consumers use their 

optimal bundle of these attributes to make a utility maximizing purchase decision. This first 

iteration of the model centered on the statistical relationship between these characteristics and 

prices. Lancaster advanced this model by establishing that the valuation of goods is a linear 

combination of the quantity of its attributes.87 Ridker and Henning first applied hedonic models 

to home prices.88 Rosen89 furthered understanding of the model by estimating 

“….a consumer marginal bid function for characteristics of a commodity given estimates 

of the commodity's hedonic price function. This function gives information about 

consumers because in equilibrium a consumer's marginal bid for a characteristic equals 

the marginal price of the characteristic at the consumer's chosen commodity type.”90 

The literature focuses on Rosen’s approach to model real estate prices because it is more suitable 

for durable goods. Rosen 

“….assumes there is a range of goods, but that consumers typically do not acquire 

preferred attributes by purchasing a combination of goods. Rather, each good is chosen 

from the spectrum of brands and is consumed discretely. The hedonic price approach 

also does not require joint consumption of goods within a group.”91 

Effectively this allowed the academic world to use the theory behind hedonic prices to model 

variables of interest (physical or spatial attributes) for real estate prices. This model only 

                                                           
85 Nagaraja, Chaitra H, Lawrence D Brown, and Susan M Wachter. “House Price Index Methodology.” Ed. S J Smith et al. International 
Encyclopedia of Housing and Home, 2011, pp. 1-21. 
86 Tinbergen, Jan. “Some Remarks on the Distribution of Labour Incomes.” International Econ. Papers, no. 1 (1951), pp. 195-207. See also 
Tinbergen, Jan. “On the Theory of Income Distribution.” Weltwirtschaftiches Archiv 77, No. 2 (1956): 155-73. 
87 Lancaster, K. J. “A new approach to consumer theory.” Journal of Political Economy, Vol. 74, (1966) pp. 132-157. 
88 Ridker, R. G. and J. A. Henning. “The determinants of residential property values with special reference to air pollution.” The Review of 
Economics and Statistics, vol. 49, (1967) pp. 246-257. 
89 Rosen, Sherwin. “Hedonic Prices and Implicit Markets: Product Differentiation in Pure Competition.” Journal of Political Economy, Vol. 82, 
No. 1, (Jan/Feb, 1974), pp. 34-55. 
90 Bartik, T. “The Estimation of Demand Parameters in Hedonic Models.” Journal of Political Economy, Vol. 95, No.1, (1987) pp. 81-88. 
91 K.W., Chau and T.L. Chin. “A Critical Review of the Literature on the Hedonic Pricing Model and Its application to the Housing Market in 
Penang.” The Seventh Asian Real Estate Society Conference. Seoul, Korea, 2002. 
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“works” as long as the market clears properly (i.e. that it is in equilibrium with minimal 

frictions).92 Milon, Gressel, and Mulkey best summarize the usage of hedonic pricing models. 

“As with most other applications of economic theory, the hedonic model does not provide 

a complete quantitative characterization of real land markets.  The empirical researcher 

is faced with the usual problems of specifying the hedonic relationship, selecting 

appropriate variables, and choosing the proper functional form.”93 

While these authors cite a linear Box-Cox model as an alternative to the standard OLS model,94 

the majority of papers use the OLS method, correcting for issues such as hetereoskedasticity, 

aggregation/pooling,95 and serial correlation when necessary. Many researchers have debated the 

issue of inherent market segmentation within the real estate market and the effects this may have 

on the regression model.96 The literature places significantly more emphasis on selecting the 

variables of interest and the underlying hedonic theory.97 

The use of hedonic pricing models to measure specific effects on home prices is well 

defined. Freeman improved on this by suggesting the use of household income as an explanatory 

variable.98 Gatzlaff and Smith99 and Forrest, Glen, and Ward100 study the effects of new rail 

systems on home prices, finding that home prices were slightly positively affected (if at all). Tu 

explores how the construction of FedEx Field changes home prices in the Washington, D.C. 

area.101 Many authors research the negative effects of environmental concerns such as proximity 

                                                           
92 In practice, this is usually not the case. But it is important to address and understand the underlying issues with the technique up front. See 
Dusse, N. and C. Jones. “A hedonic price model of office rent.” Journal of Property Valuations and Investment, Vol. 16, No. 3, (1998) pp. 297-
312. Rosenthal argues that the inefficiencies lie in the market for land, not for homes. See Rosenthal, Stuart S. “Residential Buildings and the 
Cost of Construction: New Evidence on the Efficiency of the Housing Market.” The Review of Economics and Statistics, Vol. 81, No. 2 (May, 
1999), pp. 288-302. 
93 Milon, J. Walter, Jonathan Gressel and David Mulkey. “Hedonic Amenity Valuation and Functional Form Specification.” Land Economics, 
Vol. 60, No. 4 (Nov., 1984), pp. 378-387. 
94 Bender, Bruce, Timothy J. Gronberg and Hae-Shin Hwang. “Choice of Functional Form and the Demand for Air Quality.” The Review of 
Economics and Statistics, Vol. 62, No. 4 (Nov., 1980), pp. 638-643. For further discussion on functional form, see Kristofersson, Dadi and Kyrre 
Rickertsen. “Efficient Estimation of Hedonic Inverse Input Demand Systems.” American Journal of Agricultural Economics, Vol. 86, No. 4 
(Nov., 2004), pp. 1127-1137; Follain, James R. and Stephen Malpezzi. Dissecting Housing Value and Rent. Washington, DC: The Urban 
Institute, 1980. 
95 Freeman, A. M. The Measurement of Environmental and Resource Values: Theory and Methods, 2nd ed. Resources for the Future: 
Washington, D.C.: 2003. See also Straszheim, Mahlon. “Hedonic estimation of housing market prices: A further comment.” Review of Economics 
and Statistics, Aug., 1974. 
96 Feitelson, E. I., R.E. Hurd and R.R. Mudge. “The impact of airport noise on willingness to pay for residences.” Transpn. Res. D., Vol. 1, No. 1, 
(1996) pp. 1-14. 
97 Milon, Gressel and Mulkey, 1984, include a list of sources that discuss the variables and hedonic relationship. 
98 Freeman, A. Myrick. “Hedonic Prices, Property Values And Measuring Environmental Benefits: A Survey Of The Issues.” Scandinavian 
Journal of Economics, Vol. 81, No. 2, (1979) pp. 154-173. See also Freeman, M. A.  The Benefits of Environmental Improvement. Baltimore: The 
Johns Hopkins University Press, 1979. 
99 Gatzlaff, Dean H. and Marc T. Smith. “The Impact of the Miami Metrorail on the Value of Residences near Station Locations.” Land 
Economics, Vol. 69, No. 1 (Feb., 1993), pp. 54-66. 
100 Forrest, David, John Glen and Robert Ward. “The Impact of a Light Rail System on the Structure of House Prices: A Hedonic Longitudinal 
Study.” Journal of Transport Economics and Policy, Vol. 30, No. 1 (Jan., 1996), pp. 15-29. 
101 Tu, Charles C. “How Does a New Sports Stadium Affect Housing Values? The Case of FedEx Field.” Land Economics, Vol. 81, No. 3 (Aug., 
2005), pp. 379-395. 
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to hazardous waste sites,102 nearby polluting industrial locations,103 air quality,104 climate 

change,105 and forest fire risk.106 Dale, Murdoch, Thayer, and Waddell find that prices recover 

after these sites are closed and cleaned, although the neighborhoods closest to the sites take 

longer to return to expected levels.107 Colwell, Dehring, and Lash find that group homes lead to a 

decline in property values.108 Jud and Watts find that school quality has a strong positive effect 

on value.109 Dubin and Goodman improve on this research, focusing on the neighborhood level 

and adding additional variables to measure both school quality and local crime rates.110 Rogers 

studies the effect of restrictive covenants.111 Jud explores how zoning affects home prices, using 

Charlotte, North Carolina as a test area.112 Song and Quercia take a non-traditional approach by 

establishing neighborhoods’ preferences for design features, such as housing density and street 

network connectivity, using a hedonic pricing model as the proxy for preferences.113 Cho, 

Bowker, and Park look at the effect of proximity to bodies of water and parks on housing 

prices.114 As an extension of this, Benson et al. opined that view is often considered a valuable 

housing attribute,115 except when the view is that of a cemetery.116 Langer and Winston model 

road pricing/congestion and its effects.117 Nelson examines airport noise and its influence on 

                                                           
102 McCluskey, Jill J. and Gordon C. Rausser. “Estimation of Perceived Risk and Its Effect on Property Values.” Land Economics, Vol. 77, No. 1 
(Feb., 2001), pp. 42-55. 
103 Saphores, Jean-Daniel and Ismael Aguilar-Benitez. “Smelly Local Polluters and Residential Property Values: A Hedonic Analysis of Four 
Orange County (California) Cities.” Estudios Económicos, Vol. 20, No. 2 (40) (Jul. - Dec., 2005), pp. 197-218. 
104 Zabel, Jeffrey E. and Katherine A. Kiel. “Estimating the Demand for Air Quality in Four U.S. Cities.” Land Economics, Vol. 76, No. 2 (May, 
2000), pp. 174-194.  
105 Butsic, Van, Ellen Hanak and Robert G. Valletta. “Climate Change and Housing Prices: Hedonic Estimates for Ski Resorts in Western North 
America.” Land Economics,  Vol.87, (Feb 2011) pp. 75-91. 
106 Mueller, Julie M. and John B. Loomis. “Spatial Dependence in Hedonic Property Models: Do Different Corrections for Spatial Dependence 
Result in Economically Significant Differences in Estimated Implicit Prices?” Journal of Agricultural and Resource Economics, Vol. 33, No. 2 
(August 2008), pp. 212-231. 
107 Dale, Larry, James C. Murdoch, Mark A. Thayer and Paul A. Waddell. “Do Property Values Rebound from Environmental Stigmas? Evidence 
from Dallas.” Land Economics, Vol. 75, No. 2 (May, 1999), pp. 311-326. 
108 Colwell, Peter F., Carolyn A. Dehring and Nicholas A. Lash. “The Effect of Group Homes on Neighborhood Property Values.” Land 
Economics, Vol. 76, No. 4 (Nov., 2000), pp. 615-637. 
109 Jud, G. Donald and James M. Watts. “Schools and Housing Values.” Land Economics, Vol. 57, No. 3 (Aug., 1981), pp. 459-470. 
110 Dubin, Robin A. and Allen C. Goodman. “Valuation of Education and Crime Neighborhood Characteristics through Hedonic Housing Prices.” 
Population and Environment, Vol. 5, No. 3, The Urban Residential Environment Part I (Fall, 1982), pp. 166-181. 
111 Rogers, William H. “A Market for Institutions: Assessing the Impact of Restrictive Covenants on Housing.” Land Economics, Vol. 82, No. 4 
(Nov., 2006), pp. 500-512. See also Dehring, Carolyn A. and Melissa S. Lind. “Residential Land-Use Controls and Land Values: Zoning and 
Covenant Interactions.” Land Economics, Vol. 83, No. 4 (Nov., 2007), pp. 445-457. 
112 Jud, G. Donald. “The Effects of Zoning on Single-Family Residential Property Values: Charlotte, North Carolina.” Land Economics, Vol. 56, 
No. 2 (May, 1980), pp. 142-154. 
113 Song, Yan and Roberto G. Quercia. “How are neighbourhood design features valued across different neighbourhood types?” Journal of 
Housing and the Built Environment, Vol. 23, No. 4 (December 2008), pp. 297-316. 
114 Cho, Seong-Hoon, J. M. Bowker and William M. Park. “Measuring the Contribution of Water and Green Space Amenities to Housing Values: 
An Application and Comparison of Spatially Weighted Hedonic Models.” Journal of Agricultural and Resource Economics, Vol. 31, No. 3 
(December 2006), pp. 485-507. 
115 Benson, E. D., J. L. Hansen, A. L. Schwartz and G.T. Smersh. “Pricing residential amenities: The value of a view.” Journal of Real Estate 
Finance and Economics, Vol. 16, No. 1, (1998) pp. 55-73. 
116 Tse, R. Y. C. and P. E. D. Love. “Measuring residential property values in Hong Kong.” Property Management, Vol. 18, No. 5, (2000) pp. 
366-374. 
117 Langer, Ashley, Clifford Winston and Nathaniel Baum-Snow. “Toward a Comprehensive Assessment of Road Pricing Accounting for Land 
Use.” Brookings-Wharton Papers on Urban Affairs, (2008), pp. 127-175. 
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prices.118 Bourassa and Peng find that even things as obscure as “lucky” numbers can have a 

positive effect on a house’s price, especially in many eastern cultures.119 

Limited works have looked at second homes and their effect on price levels. Gottfried 

presents a model that “examines the impact of a recreation community on the price of land in the 

surrounding area.” The author finds that the construction of the Beech mountain resort appeared 

to lead to higher land prices in surrounding areas. He states that this increase was due to the 

influx of out-of-state buyers who in turn shifted demand outwards. He also surmises this influx 

led to increased speculation (perhaps artificially raising price levels) and a higher sensitivity to 

national population and economic trends.120 This paper seems to indicate that other factors are at 

play here; what’s really driving the price increase is an unaccounted for attraction, which also 

leads to an increase in the percentage of second homes. Cho, Newman, and Wear conducted a 

similar study in the southern Appalachian highlands in 1990 to determine how second home 

development affected price levels. Making the argument that housing type and how people value 

different attributes differs for primary homes versus second homes, they split their data into two 

separate regression models, one for primary home areas and one for second home areas. This 

split attempts to account for heterogeneity in the housing stock. Additionally, they use an index 

of housing type and population density to further segment their data into four types of urban and 

rural communities. The authors do not include the number of second homes into their regression 

results; instead they correlated predicted average price (using their hedonic regression model) 

with this number. They find that the presence of second homes affects prices positively in rural 

areas while this result is not significant in urban areas. This effect is estimated to be between 

1.7% of the average house value (which translates to $1,031) for the general second home area 

and 4.2% (which translates to $2,378) for the rural-dominated area.121 These results support my 

hypothesis that second homes lead to a higher average price level. 

 

                                                           
118 Nelson, Jon P. “Meta-Analysis of Airport Noise and Hedonic Property Values: Problems and Prospects.” Journal of Transport Economics and 
Policy, Vol. 38, No. 1 (Jan., 2004), pp. 1-27. 
119 The corollary is also likely true. Many office buildings and hotels do not have a 13th floor, for example. See Bourassa, S. C. and V. S. Peng. 
“Hedonic prices and house numbers: The influence of feng shui.” International Real Estate Review, Vol. 2, No. 1, (1999) pp. 79-93. 
120 Gottfried, Robert R. “The Effect of Recreation Communities on Local Land Prices: The Case of Beech Mountain.” The American Economist, 
Vol. 32, No. 1 (Spring, 1988), pp. 59-65.  
121 Cho, Seong-Hoon, David H. Newman and David N. Wear. “Impacts of Second Home Development on Housing Prices in the Southern 
Appalachian Highlands.” RURDS, Vol. 15, No. 3, (Nov., 2003). The authors note the following shortcoming about their method. “The effect of 
second home on house price based on the predicted value from the hedonic property price method isolated second home effect on house price but 
it may not fully reflect property values under certain circumstances where spillover effect of second home development is significant. Examples 
of the spillover effect of second home development may include development of commercial areas for the services of second home residents. If 
the spillover effect is significant, we might underestimate the second home effect on house price.” 

16



 
 

 
 

IV. Housing Supply 

 

The hedonic model only presents an understanding as to how demand has changed 

between 2000 and 2010; it does not explain the changes in housing supply that occurred over that 

time period. Major metrics that can help gauge the shifts in housing supply are both single- and 

multi-family housing starts, as well as the absolute change in the number of housing units. In the 

literature, numerous authors have attempted to measure the elasticity of housing supply, 

particularly how it differs across geographic regions.122 Further papers showed that often these 

geographic differences were due to two factors: local government restrictions (i.e. zoning) and 

natural landscape features like mountains and oceans. Hwang and Quigley showed that areas 

with different degrees of regulation demonstrated different house price responses and 

construction of new units.123 Saiz constructs an Alonso-Muth-Mills model to explore these 

different price elasticities, finding that geography plays a more substantial role than previously 

thought.124 Saiz also presents the Wharton Residential Urban Land Regulation Index to confirm 

that geography plays a bigger role than residential growth limits.125 In the long run, however, it 

is thought that overall housing supply is elastic and that persistent changes in demand are 

accounted for by quantity changes, not price adjustments.126 As an extension of these elasticities, 

Glaeser, Gyourko, and Saiz find that areas with more elastic supply have shorter housing 

bubbles, but welfare consequences are more significant because of a tendency to overbuild in 

response to these bubbles.127 Ho and Ganesan find that an increase in the supply of buildable 

land leads to a reduction in home prices (with a two to three year lag), although they do not 

explain from where this increase in buildable land originates.128 

 

                                                           
122 See for example, Malpezzi, Stephen. “Housing Prices, Externalities, and Regulation in U.S. Metropolitan Areas.” Journal of Housing 
Research, Vol. 7 No. 2, 1996; Mayer, Christopher J. and C. Tsuriel, Somerville. “Land use regulation and new construction.” Regional Science 
and Urban Economics, Vol. 30, No. 6, (2000) pp. 639-662; Saks, Raven E. “Job Creation and Housing Construction: Constraints on Metropolitan 
Area Employment Growth.” FEDS Working Paper No. 2005-49, Oct. 2005. 
123 Hwang, Min, John M. Quigley. “Economic Fundamentals In Local Housing Markets: Evidence From U.S. Metropolitan Regions.” Journal of 
Regional Science, Vol. 46, No. 3 (Jan. 2006), pp. 425-453. 
124 The Boston MSA’s supply elasticity is estimated to be 0.86, and Springfield’s is 1.52. See Saiz, Albert. “The Geographic Determinants of 
Housing Supply.” The Quarterly Journal of Economics, Vol. 125, No. 3 (Aug. 2010), pp. 1253-1296.  
125 Gyourko, Joseph, Albert Saiz and Anita A. Summers. “A New Measure of the Local Regulatory Environment for Housing Markets: The 
Wharton Residential Land Use Regulatory Index.” Urban Studies, Vol. 45 (2008), pp. 693–729. 
126 Lindh, Thomas and Bo Malmberg. “Demography and housing demand—what can we learn from residential construction data?” Journal of 
Population Economics, Vol. 21, No. 3 (2008), pp. 521-539. 
127 Glaeser, Edward L., Joseph Gyourko and Albert Saiz. “Housing supply and housing bubbles.” Journal of Urban Economics, Vol. 64, No. 2, 
(2008) pp. 198-217. 
128 K.O. Ho, Winky and Sivaguru Ganesan. “On Land Supply and the Price of Residential Housing.” Netherlands Journal of Housing and the 
Built Environment, Vol. 13, No. 4 (1998), pp. 439-452. 
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V. Methodology 

 

This paper uses a hedonic pricing model to estimate the effect that concentration of 

second homes has on the median price level. The price of a house is assumed to be equal to a 

combined amount of its different characteristics. These characteristics can generally be classified 

into two categories: physical characteristics and spatial characteristics. 
 

𝑃𝑟𝑖𝑐𝑒 = 𝑓(𝑃ℎ𝑦𝑠𝑖𝑐𝑎𝑙, 𝑆𝑝𝑎𝑡𝑖𝑎𝑙 𝐶ℎ𝑎𝑟𝑎𝑐𝑡𝑒𝑟𝑖𝑠𝑡𝑖𝑐𝑠) 
 

The literature often uses a simple OLS regression to estimate the impact of the change in these 

characteristics on price. Based upon existing literature and data constraints,129 I have included 

the following right hand side variables as predictors:130 number of rooms,131 age of house,132 

distance from a large metropolitan area,133 income134, unemployment rate, population density, 

gross rent, the total number of homes, proximity to water, and state dummies. I have included 

population density to act as a measure of housing supply in an attempt to control for changes in 

the quantities of houses. The resulting model takes the form of: 
 

𝐿𝑛 (𝑃𝑟𝑖𝑐𝑒) =  𝛽0 + �𝛽 𝐻𝑜𝑢𝑠𝑒 𝐶ℎ𝑎𝑟𝑎𝑐𝑡𝑒𝑟𝑖𝑠𝑡𝑖𝑐𝑠 + 𝛽2 𝑃𝑒𝑟𝑐𝑒𝑛𝑡 𝑜𝑓 𝑆𝑒𝑐𝑜𝑛𝑑 𝐻𝑜𝑚𝑒𝑠 + 𝛽3 𝑀𝑎𝑖𝑛𝑒 + 𝜀 

 

where Ln (Price) is the log of the median price of a house, 𝛽0 is the slope intercept, 

∑𝛽 𝐻𝑜𝑢𝑠𝑒 𝐶ℎ𝑎𝑟𝑎𝑐𝑡𝑒𝑟𝑖𝑠𝑡𝑖𝑐𝑠 is a vector of the house and spatial characteristics listed above 

(with each respective 𝛽 the market valuation for 1 unit of that characteristic),  𝛽2 is the effect 

percent of second homes has on the log of price level (all else equal), 𝛽3 is the coefficient on the 

                                                           
129 As with most hedonic pricing models, this model likely suffers from significant omitted variable bias (i.e. under-specification). For example, 
number of bathrooms, lot size, and square footage of the properties are not included. Please refer to the results section for a more detailed 
mention of omitted variable bias and how it affects my results. See for example Butler, R. V. “The specification of hedonic indexes for urban 
housing.” Land Economics, Vol. 58, (1982) pp. 94-108; Mok, H. M. K., P. P. K. Chan and Y-S Cho. “A hedonic price model for private 
properties in Hong Kong.” Journal of Real Estate Finance and Economics, Vol. 10, (1995) pp. 37-48; Chau and Chin, 2002. 
130 For a list of over 40 possible explanatory variables, please refer to Medina, Carlos, Leonardo Morales, Raquel Bernal and Maximo Torero. 
“Stratification and Public Utility Services in Colombia: Subsidies to Households or Distortion of Housing Prices? [with Comments].”Economía, 
Vol. 7, No. 2 (Spring, 2007), pp. 40. 
131 In this case, it is actually the median number of rooms. See, for example, Saphores and Aguilar-Benitez, 2005. 
132 See, for example, Tu, 2005. 
133 See, for example, von Thunen’s model of land use. Hoover, Edgar M. and Frank Giarratani. An Introduction to Regional Economics. Regional 
Research Institute, West Virginia University. <http://www.rri.wvu.edu/WebBook/Giarratani/chaptersix.htm#6.4.2>. 
134 The model is run with both median family income and median household income. 
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state of Maine dummy variable,135 and 𝜀 is the usual error term found in a regression.136 Using 

this form, a 1 unit change137 in the percent of second homes, all else equal, would lead to a 𝛽2 

increase in the log of price. This translates to a 100𝛽2% increase in the price of a home. I ran the 

regression for each dataset (2000 and 2010) testing the hypothesis138 that each 𝛽2 is statistically 

different from zero (i.e. if percent of second homes has a significant impact on the log of price), 

and investigating if the relationship between the log of price and percent of second homes has 

changed or been stable over time. 

 

VI. Data 

 

The dataset for this paper consists of responses to the 2000 and 2010 census, as well as 

descriptive information about each census tract.139 The United States Census Bureau conducts its 

main census every 10 years. This data, available online at the Census Factfinder,140 determines 

population breakdowns, primarily for calculating seats in the U.S. House of Representatives. 

Census forms are mailed to an individual’s “usual residence” and ask additional questions about 

residents and housing, ranging from “type of heating fuel used” to “household size.”141 The 

census has numerous measures in place to ensure that as many people are counted as possible. 

Some of these measures include census workers asking residents in-person and counting 

individuals in shelters and correctional facilities.142 The majority of households, approximately 

74 percent, returned their forms by mail and those remaining “were counted by census workers 

walking neighborhoods.”143 

This dataset uses census data collected at the tract level. The U.S. Census describes 

census tracts as the following: 

                                                           
135 Given that there are likely significant differences between the Maine and Massachusetts second home markets, I attempted to control for this 
using a fixed effects model. The control is a dummy variable, taking a value of ‘1’ for observations from Maine and a value of ‘0’ for 
observations from Massachusetts. 
136 Refer to exhibits 2-5 for statistics for the choice variables. 
137 Since the units are percentages, this is equivalent to a 1% change in the concentration of second homes. 
138 Using a Chow test. 
139 There is precedent in the literature to use census data to study second homes over time. See for example, Carliner, Michael. “Second Homes: 
A Growing Market?” Housing Economics, July 2002, pp. 7-12; Goodman, Allen C. “A Comparison of Block Group and Census Tract Data in a 
Hedonic Housing Price Model.” Land Economics, Vol. 53, No. 4 (Nov., 1977), pp. 483-487; Cho Newman, and Wear, 2003. 
140 FactFinder. 
141 “What is the Census?” U.S. Census Bureau. 30 Apr. 2012. <http://2010.census.gov/2010census/about/>. See also “Explore the Form.” U.S. 
Census Bureau. 30 Apr. 2012. <http://2010.census.gov/2010census/about/interactive-form.php>. 
142 “How We Count America.” U.S. Census Bureau. <http://2010.census.gov/2010census/about/how-we-count.php>. 
143 “What is the Census?” 
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“Census tracts are statistical subdivisions of a county. These tracts are intended to be 

homogeneous with respect to population characteristics, economic status, and living 

conditions. They are intended to contain between 1,500 to 8,000 people, and are not 

based upon land area. They are adjusted slightly year to year to account for 

demographic and population changes.”144 

In reality, tracts range from 1 to 12,079 people. For a further picture of the tracts refer to Exhibit 

1 which is a summary of the census tracts. 

Some variables are instead taken from the five year American Community Survey 

conducted in 2006-2010. This survey consists of a sample of three million households, intended 

to provide information about the US between the decennial censuses.145 The questions in the 

ACS are different than those asked by the decennial census.146 While the ACS is collected in the 

same manner as the decennial census, there are some differences in the way nonresponses are 

handled.147 In addition to being collected annually, information from the ACS is aggregated into 

three year and five year datasets. While the five year dataset is the least current, it is the only 

dataset that provides information by census tract.148 Many of the variables included in this 

dataset are median values, and the Census documents how these median values are calculated.149 

For each variable, the median splits the frequency distribution into two pieces, and is calculated 

using a standard distribution. Data is assumed to be distributed linearly, except for income data, 

where a Pareto distribution is used.150 Some of the median values fall outside of the distribution, 

and are denoted with either a “+” or “-” sign. For example, the standard distribution for median 

value ranges from less than $10,000 to $1,000,000 or more, resulting in twenty four data cells.151 

These values are corrected to their nearest range.152 Often census forms are returned with 

                                                           
144 “Census Tracts and Block Numbering Areas.” U.S. Census Bureau. <http://www.census.gov/geo/www/cen_tract.html>. 
145 “Why were you selected?” U.S. Census Bureau American Community Survey Office. 
<http://www.census.gov/acs/www/about_the_survey/why_were_you_selected/>. 
146 “American Community Survey and the 2010 Census.” U.S. Census Bureau American Community Survey Office. 
<http://www.census.gov/acs/www/about_the_survey/american_community_survey_and_2010_census/>. 
147 “2010 Census Summary File 1— United States.” Prepared by the U.S. Census Bureau, 2011, p 466. 
<http://www.census.gov/prod/cen2010/doc/sf1.pdf>. 
148 U.S. Census Bureau. “A Compass for Understanding and Using American Community Survey Data: What General Data Users Need to 
Know.” U.S. Government Printing Office, Washington, DC, 2008, p 9-10. 
<http://www.census.gov/acs/www/Downloads/handbooks/ACSGeneralHandbook.pdf>. See also “When to use 1-year, 3-year, or 5-year 
estimates.” U.S. Census Bureau American Community Survey Office. <http://www.census.gov/acs/www/guidance_for_data_users/estimates/>. 
149 For more information on margin of error for each variable, please refer to A Compass for Understanding and Using American Community 
Survey Data, p.10. 
150 U.S. Census Bureau. “American Community Survey 2010 Subject Definitions.” 
<http://www.census.gov/acs/www/Downloads/data_documentation/SubjectDefinitions/2010_ACSSubjectDefinitions.pdf>, p 129. Hereafter 
referred to as “2010 Subject Definitions.” 
151 2010 Subject Definitions, p 153. 
152 The number of corrected top-coded and bottom-coded observations for each variable can be found in the respective dataset exhibits. 
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missing or invalid information. The census imputes this missing data, using rules, information 

from similar households, or statistical-based allocation methods. For each question the census 

reports the number of imputed data points.  

 

a. The 2010 Dataset 

 

The variable “Median_Value” is the median value of all owner-occupied housing units in 

each census tract.153 The census defines owner-occupied housing units as “housing units in 

which the owner or co-owner lives in the unit, even if it is mortgaged or not fully paid for.”154 

The 2010 subject definitions describe in detail how median value is collected from respondents. 

“The question was asked at housing units that were owned, being bought, vacant for sale, 

or sold not occupied at the time of the survey. Value is the respondent's estimate of how 

much the property (house and lot, mobile home and lot, or condominium unit) would sell 

for if it were for sale. If the house or mobile home was owned or being bought, but the 

land on which it sits was not, the respondent was asked to estimate the combined value of 

the house or mobile home and the land. For vacant units, value was the price asked for 

the property. Value was tabulated separately for all owner-occupied and vacant-for-sale 

housing units, as well as owner-occupied and vacant-for-sale mobile homes….The 

median divides the value distribution into two equal parts: one-half of the cases falling 

below the median value of the property (house and lot, mobile home and lot, or 

condominium unit) and one-half above the median….Median and quartile value are 

computed on the basis of a standard distribution”155 

The variable “Median_Rooms” is the median number of rooms for all housing units in each 

census tract.156 The census defines a housing unit as: 

“…a house, an apartment, a mobile home, a group of rooms or a single room that is 

occupied (or, if vacant, intended for occupancy) as separate living quarters….Both 

occupied and vacant housing units are included in the housing unit inventory. Boats, 

recreational vehicles (RVs), vans, tents, railroad cars, and the like are included only if 

they are occupied as someone's current place of residence. Vacant mobile homes are 
                                                           
153 Median value is measured in nominal terms. FactFinder, table B25077 2006-2010 5 year ACS. 
154 2010 Subject Definitions, p 35. 
155 2010 Subject Definitions, p 40-41. 
156 FactFinder, table B25018 in the 2006-2010 5 year ACS. 
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included provided they are intended for occupancy on the site where they stand. Vacant 

mobile homes on dealers' sales lots, at the factory, or in storage yards are excluded from 

the housing inventory. Also excluded from the housing inventory are quarters being used 

entirely for nonresidential purposes.”157 

The variable “Age_of_House” is a dummy variable describing whether or not each census tracts’ 

median house is old or new. This dummy takes a value of 1 for new and 0 for old. The cutoff 

point is 1972, with all tracts before this classified as old and all tracts with values of 1972 or 

higher classified as new.158 This cutoff point was calculated by taking the year at which an equal 

number of observations occur before and after it. This dummy variable is based upon the median 

year during which each housing unit was built.159 The subject definitions describe how the age of 

house question is collected. 

“The question was asked at both occupied and vacant housing units. Year structure built 

refers to when the building was first constructed, not when it was remodeled, added to, or 

converted. Housing units under construction are included as vacant housing if they meet 

the housing unit definition, that is, all exterior windows, doors, and final usable floors 

are in place. For mobile homes, houseboats, RVs, etc., the manufacturer's model year 

was assumed to be the year built.”160 

This variable follows the methodology outlined in the section above discussing median values in 

ACS census data.161 I converted this data into dummy variables.162 

The variable “Perc_Second” is the percentage of total housing units that are used for 

second home purposes. This variable is calculated by dividing the total number of housing units 

“For seasonal, recreational, or occasional use”163 by the total number of housing units in each 

census tract.164 The census classifies these houses as vacant and defines them as follows: 

“These are vacant units used or intended for use only in certain seasons or for weekends 

or other occasional use throughout the year. Seasonal units include those used for 

summer or winter sports or recreation, such as beach cottages and hunting cabins. 

                                                           
157 2010 Subject Definitions, p 7. 
158 The cutoff point was constructed solely based upon the Maine dataset, and applied to all others. Massachusetts has an older housing stock on 
average. See Exhibit 11 for the frequency of this variable. 
159 FactFinder, table B25035 in the 2006-2010 5 year ACS. 
160 2010 Subject Definitions, p 43. 
161 The median here is rounded to the nearest calendar year. See 2010 Subject Definitions, p 43. 
162 Preliminary regression results demonstrated issues with this variable because 42 of the data points are bottom coded at 1939, and an additional 
7 do not have values. 
163 There is precedent for using this metric to investigate vacation homes. See for example, Hart, 1984. 
164 FactFinder, tables H3 and H5 from the 2010 Census Summary File 1 100% data (SF1). 
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Seasonal units also may include quarters for such workers as herders and loggers. 

Interval ownership units, sometimes called shared-ownership or time-sharing 

condominiums, also are included here……The data on vacancy status were obtained 

from Enumerator Questionnaire item C. Vacancy status and other characteristics of 

vacant units were determined by census enumerators obtaining information from 

landlords, owners, neighbors, rental agents, and others.”165 

The variable “Distance” is the distance in miles from the census tract to Boston, MA and was 

calculated using Google Maps. Each census tract contains a latitude and longitude coordinate,166 

which were calculated by “creating an area-weighted average point inside the tract.”167 Boston, 

MA was chosen to standardize the calculations with the belief that most owners of second homes 

in Maine and Massachusetts live in the greater Boston area. The variable “Travel_Time” is the 

travel time from the census tract to Boston, MA and is similarly collected from Google Maps.168  

The variable “Median_Value_Nonmobile” is the median value of all housing units 

excluding those classified as mobile homes. This variable is calculated in the following manner: 
 

𝑉𝑚𝑜𝑏𝑖𝑙𝑒 ∗  𝑁𝑢𝑚𝑚𝑜𝑏𝑖𝑙𝑒 +  𝑉𝑛𝑜𝑛−𝑚𝑜𝑏𝑖𝑙𝑒 ∗  𝑁𝑢𝑚𝑛𝑜𝑛−𝑚𝑜𝑏𝑖𝑙𝑒 =  𝑉𝑚𝑒𝑑𝑖𝑎𝑛 ∗  𝑁𝑢𝑚𝑚𝑜𝑏𝑖𝑙𝑒+𝑛𝑜𝑛−𝑚𝑜𝑏𝑖𝑙𝑒 

𝑉𝑛𝑜𝑛−𝑚𝑜𝑏𝑖𝑙𝑒 = (𝑉𝑚𝑒𝑑𝑖𝑎𝑛 ∗  𝑁𝑢𝑚𝑚𝑜𝑏𝑖𝑙𝑒+𝑛𝑜𝑛−𝑚𝑜𝑏𝑖𝑙𝑒 −  𝑉𝑚𝑜𝑏𝑖𝑙𝑒 ∗  𝑁𝑢𝑚𝑚𝑜𝑏𝑖𝑙𝑒)
𝑁𝑢𝑚𝑛𝑜𝑛−𝑚𝑜𝑏𝑖𝑙𝑒
�  

 

Census data provides information about the number of mobile homes, and the median value of a 

mobile home for each census tract.169 Using this information, and the preceding equation, I am 

able to calculate the unweighted value of a non-mobile home.170 

The variable “Median_Family_Inc” is the median family income for each census tract 

over the past 12 months.171 This variable is defined as:  

                                                           
165 2010 Census Summary File 1, P B22. 
166 “2010 Census U.S. Gazetteer Files.” U.S. Census Bureau. <http://www.census.gov/geo/www/gazetteer/gazetteer2010.html>. Hereafter 
referred to as “2010 Census Gazetteer.” 
167 “ZIP Code Tabulation Area (ZCTA) Frequently Asked Questions.” U.S. Census Bureau. 
<http://www.census.gov/geo/ZCTA/zctafaq.html#Q20>. 
168 “Google Maps.” Google. <http://maps.google.com>. Accessed on Jan 10th through March 20th. For more information about how Google Maps 
calculates distance and expected travel time, please refer to http://google-latlong.blogspot.com/ and https://developers.google.com/maps/. 
169 FactFinder, tables B25083 (median value of a mobile home) and DP04 (number of mobile homes, value of a median home, and number of 
non-mobile homes) from the 2006-2010 5 year ACS. 
170 For the number of non-mobile homes, I used the total number of occupied houses, as opposed to the total number of housing units. The median 
value of a home is for owner occupied houses, not for all housing units or occupied housing units. The difference in median value of mobile 
homes could indicate which census tracts had a significant jump in land value between 2000 and 2010. 
171 FactFinder, table B19113 from the 2006-2010 5 year ACS. Measured in 2010 inflation-adjusted dollars. 
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“….the incomes of all members 15 years old and over related to the householder are 

summed and treated as a single amount. Although the family income statistics cover the 

past 12 months, the characteristics of individuals and the composition of families refer to 

the time of interview. Thus, the income of the family does not include amounts received 

by individuals who were members of the family during all or part of the past 12 months if 

these individuals no longer resided with the family at the time of interview. Similarly, 

income amounts reported by individuals who did not reside with the family during the 

past 12 months but who were members of the family at the time of interview are included. 

However, the composition of most families was the same during the past 12 months as at 

the time of interview.”172 

The variable “Median_Household_Inc” is the median household income for each census tract 

over the past 12 months.173 This variable is defined as: 

“This includes the income of the householder and all other individuals 15 years old and 

over in the household, whether they are related to the householder or not. Because many 

households consist of only one person, average household income is usually less than 

average family income. Although the household income statistics cover the past 12 

months, the characteristics of individuals and the composition of households refer to the 

time of interview. Thus, the income of the household does not include amounts received 

by individuals who were members of the household during all or part of the past 12 

months if these individuals no longer resided in the household at the time of interview. 

Similarly, income amounts reported by individuals who did not reside in the household 

during the past 12 months but who were members of the household at the time of 

interview are included. However, the composition of most households was the same 

during the past 12 months as at the time of interview.”174 

The variable “Perc_Unemp” is the unemployment rate for each census tract.175 I calculated this 

rate by dividing the number of unemployed people (over the age of 16) by the size of the civilian 

labor force. The civilian labor force consists of people classified as employed or unemployed. 

For census data, unemployed means: 

                                                           
172 2010 Subject Definitions, p 80. 
173 FactFinder, table B19013 from the 2006-2010 5 year ACS. Measured in 2010 inflation-adjusted dollars. 
174 2010 Subject Definitions, p 80. Note that this income data is generally underreported, and differs from other, more robust sources such as the 
Bureau of Labor Statistics. 
175 FactFinder, table DP03 from the 2006-2010 5 year ACS. 
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“All civilians 16 years old and over are classified as unemployed if they (1) were neither 

‘at work’ nor ‘with a job but not at work’ during the reference week, and (2) were 

actively looking for work during the last 4 weeks, and (3) were available to start a job. 

Also included as unemployed are civilians who did not work at all during the reference 

week, were waiting to be called back to a job from which they had been laid off, and were 

available for work except for temporary illness.”176 

The variable “Lower_Value” is the lower quartile value of all owner-occupied housing units in 

each census tract. It is constructed from the same dataset and distribution as the “Median_Value” 

variable.177 Similarly, the variable “Upper_Value” is the upper quartile value of all owner-

occupied housing units in each census tract. It is constructed from the same dataset and 

distribution as the other “value” variables.178 The variable “Perc_Water” is the percentage of a 

census tract that is water. This variable is calculated by dividing the total area of water (in square 

miles) by the total area in the tract.179 The variable “Pop_Density” is a measure of population 

density for each census tract. It is calculated by dividing the total population by the total area of 

the tract. The resulting density is measured in people per square mile.180 The variable 

“Total_Units” is the number of housing units as defined by the census.181 “Median_Rent” is the 

median gross rent.182 Gross rent includes both contract rent and the estimated average monthly 

cost of utilities, regardless of who pays for them. The rent is calculated on an annual basis and 

converted to monthly rates.183 

 

b.  The 2000 dataset 

 

The 2000 dataset consists of survey responses from the 2000 census only; it does not 

include ACS responses. However, some of the variables are pulled from summary file one while 

others are pulled from summary file three.184 The census documentation notes that there are 

differences between the sample estimates in summary file three and the values in summary files 
                                                           
176 2010 Subject Definitions, p 62-63. Similar to the income data, unemployment information collected in the census likely differs from other, 
more rigorous sources. If interested, please see http://www.census.gov/hhes/www/laborfor/researchnote092209.html for further discussion. 
177 FactFinder, table B25076 in the 2006-2010 5 year ACS. 
178 FactFinder, table B25078 in the 2006-2010 5 year ACS. 
179 2010 Census Gazetteer. 
180 2010 Census Gazetteer; FactFinder, table DP-1 in the 2010 Census SF1. 
181 FactFinder, table H3 from the 2010 Census Summary File 1 100% data (SF1). 
182 FactFinder, table B25064 in the 2006-2010 5 year ACS. 
183 2010 Subject Definitions, p 17. Note that the amounts are adjusted for inflation. The census recommends this measure of rent, as opposed to 
contract rent, because it eliminates differentials that result from varying practices of including or excluding utilities from the monthly payment. 
184 Each variable notes from which summary file it originates. 
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one and two. These differences are particularly noticeable for small areas like tracts and 

blocks.185 Summary file three is constructed through a weighting procedure that leads certain 

housing and population values to differ.186 

The variable “Median_Value” is the median value of all owner-occupied housing units in 

each census tract.187 It is worth noting differences in the way the data was collected in 2000: 

“Caution should be used when comparing American Community Survey data on value 

from the years 2008 and after with pre-2008 ACS data. Changes made to the value 

question between the 2007 and 2008 ACS involving the response option may have 

resulted in an inconsistency in the value distribution for some areas. In 2007 and 

previous years, the ACS value question included categorical response options with a 

write-in for values over $250,000. Beginning in 2008, the response option became solely 

a write-in…while Census 2000 collected data in categories.”188 

This change in the data collection methodology likely leads to an underreporting of 

“Median_Value” since respondents were required to write in the estimated value of their house. 

The variable “Median_Rooms” is the median number of rooms for all housing units in 

each census tract.189 It is worth noting differences in the way the data was collected in 2000: 

“Caution should be used when comparing American Community Survey data on rooms 

from the years 2008 and after with both pre-2008 ACS and Census 2000 data. Changes 

made to the rooms question between the 2007 and 2008 ACS involving the wording as 

well as the response option resulted in an inconsistency in the ACS data. This 

inconsistency in the data was most noticeable as an increase in ‘1 room’ response and as 

a decrease in ‘2 rooms’ to ‘6 rooms’ responses.”190 

These changes likely bias the observations downwards. 

The variable “Age_of_House” is a dummy variable describing whether or not each 

census tracts’ median house is old or new.191 This dummy takes a value of 1 for new and 0 for 

old. The cutoff point is 1972, with all tracts before this classified as old and all tracts with values 

                                                           
185 “Comparing SF 3 Estimates with Corresponding Values in SF 1 and SF 2.” U.S. Census Bureau. 
<http://www.census.gov/census2000/sf3compnote.html>. See also “Data Sharing for Democratic Research Knowledge Base.” Population 
Studies Center, University of Michigan. <http://dsdr-kb.psc.isr.umich.edu/answer/1082>. 
186 “What is a Census Summary File?” University Libraries, University of Minnesota. <http://www.lib.umn.edu/faq/4861>. See also “Decennial 
Census Summary Files.” Minnesota Geospatial Information Office. <http://stats.metc.state.mn.us/metadata/Decennial_Census_SF3.htm>. 
187 Median value is measured in nominal terms. FactFinder, table H085 in the 2000 census SF3. 
188 2010 Subject Definitions, p 41. 
189 FactFinder, table QTH4 2000 census SF3. 
190 2010 Subject Definitions, p 30. 
191 FactFinder, table H035 in the 2000 census SF3. 
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of 1972 or higher classified as new.192 This table is comparable to the 2010 data.193 The variable 

“Perc_Second” is the percentage of total housing units that are used for second home purposes. 

For the 2000 dataset, the variable is calculated in the same way as it was in the 2010 dataset194 

and is comparable with the 2010 census data.195 The variables “Distance” and “Travel_Time” are 

calculated in the same manner as before.196 

The variable “Median_Value_Nonmobile” is calculated the same way as before.197 Some 

of the “Median_Value_Nonmobile” observations are bottom coded at $10,000. The variable 

“Median_Family_Inc” is the median family income for each census tract.198 The 2010 subject 

definitions note that:  

“Users should exercise caution when comparing medians from the 2010 ACS to earlier 

years. There was a change between 2008 and 2009 1-Year and 3-Year Data Products in 

Income and Earnings median calculations. Medians above $75,000 were most likely to be 

affected.”199 

The variable “Median_Household_Inc” is the median household income for each census tract.200 

The note for the “Median_Family_Inc” variable applies here as well.201 The variable 

“Perc_Unemp” is the unemployment rate for each census tract.202 This variable is calculated in 

the same way as it was in the 2010 dataset.203 The variable “Lower_Value” is the lower quartile 

value for specified owner-occupied housing units in each census tract.204 The calculation of this 

variable differs from the 2010 dataset because it is calculated from specified owner-occupied 

housing units, not all owner-occupied housing units.205 Specified owner-occupied housing units 

are defined as: 

“Specified owner-occupied units include only 1-family houses on less than 10 acres 

(cuerdas) without a business or medical office on the property. The data for ‘specified 

                                                           
192 This cutoff point is the same as in the 2010 dataset. See Exhibit 11 for more details. 
193 2010 Subject Definitions, p 44. However, now median year is bottom coded at 1940, whereas previously it was bottom coded at 1939. 
194 FactFinder, tables H003 and H005 in the 2000 census SF1. 
195 2010 Subject Definitions, p 39. 
196 “2000 Census U.S. Gazetteer Files.” U.S. Census Bureau. <http://www.census.gov/geo/www/gazetteer/places2k.html>. Hereafter referred to 
as “2000 Census Gazetteer;” http://maps.google.com, accessed on Jan 10th through March 20th. 
197 FactFinder, tables H082 (median value of a mobile home), DP-4 (number of mobile homes and total number of occupied housing units), and 
H085 (value of a median home) in the 2000 SF3. 
198 FactFinder, table P077 in the 2000 SF3. This variable is measured in 1999 dollars. 
199 2010 Subject Definitions, p 84. 
200 FactFinder, table P053 in the 2000 SF3. This variable is measured in 1999 dollars. 
201 These income variables are likely biased estimations of the true income values. 
202 FactFinder, table DP-3 in the 2000 SF3. 
203 2010 Subject Definitions, p 65. 
204 FactFinder, table H075 in the 2000 SF3. 
205 The 2000 values are likely biased upwards, meaning the effect of second homes in 2000 could potentially be overstated. 
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units’ exclude mobile homes, houses with a business or medical office, houses on 10 or 

more acres (cuerdas), and housing units in multiunit buildings.”206  

The “Upper_Value”207 variable is pulled from this different dataset as well.208 The variables 

“Perc_Water”209 and “Pop_Density”210 are calculated in the same manner as before. The variable 

“Total_Units” is the number of housing units as defined by the census.211 As before, 

“Median_Rent” is the median gross rent.212 However, the census notes that the 2000 values are 

from specified owner-occupied housing units213 and caution must be used when comparing these 

to the 2010 values. 

 

VII. Model 

 

The reader should express immediate concerns about the endogeneity of the percent 

second variable; the dataset confirms this.214 The percent of second homes is likely endogenous 

due to a combination of simultaneity bias and omitted variables. In practice, the percent of 

second homes in a given census tract is likely a function of price and other unobserved variables 

that are not captured in my model. Put another way, the independent variable is also a function of 

the dependent variable. When this is the case, the endogenous regressor becomes correlated with 

the error term, and the assumption of zero-conditional-mean no longer holds. Estimating this 

model using OLS will lead to inconsistent estimates of the betas;215 the coefficients cannot be 

interpreted properly and can lead to unclear results.  

The solution to this endogeneity problem is an instrumental variable (IV).216 An IV is a 

variable that is correlated with the endogenous predictor but not correlated with the error term. 

There are statistical tests to confirm the effectiveness of an IV, and these tests are reported in 

Exhibits 6-10. These instruments are not perfect, and a possible extension of this work could lead 

to choosing different instruments. Additionally, there is likely omitted variable bias. Combining 

                                                           
206 2010 Subject Definitions, p 33. 
207 FactFinder, table H077 in the 2000 SF3. 
208 Quartile data based upon all owner-occupied housing units is not available for 2000 census data. 
209 2000 Census Gazetteer. 
210 FactFinder, table DP-1 in the 2000 SF1; 2000 Census Gazetteer. 
211 FactFinder, table H003 from the 2000 SF1. 
212 FactFinder, table H063 in the 2000 SF3. 
213 See footnote 203. However, given that rent is a control, it likely does not affect the coefficient on percent second. 
214 For example, in the 2010 dataset, STATA’s endogeneity test returns a chi squared p value of 0.0000, meaning I can accept the null that percent 
second is endogenous. 
215 Baum, Christopher F. An Introduction to Modern Econometrics Using Stata, p. 186, Stata Press, College Station, Texas, 2006. 
216 An instrumental variable must be correlated with the endogenous regressor but uncorrelated with the error term. 
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these two effects leads to the conclusion that the estimated coefficients are likely imprecise. 

However, I am more interested in the change in the coefficient as opposed to its precise value. 

The bias on the coefficient is likely the same in both datasets. 

I propose the usage of percent water and percent water squared as instruments,217 where 

percent water is the percent of each census tract that is water. I run the regression using two 

models: 2SLS (two stage least squares) and 2SGMM (two stage generalized method of 

moments). Two-stage least squares enables the use of two or more instruments for the 

endogenous regressor. It creates a new instrument that is the predicted value of a linear 

combination of the instruments. This new predicted value takes the place of the endogenous 

regressor. In the “first-stage,” the instrument is defined as: 

𝑋� = 𝑍(𝑍′𝑍)−1𝑍′𝑋 

Then, the estimated beta (�̂�) is: 

�̂�2𝑆𝐿𝑆 = (𝑋�′𝑋�)−1𝑋�′𝑦 

           = (𝑋′𝑍{𝑍′𝑍}−1𝑍′𝑋)−1(𝑋′𝑍{𝑍′𝑍}−1𝑍′𝑦) 

Z is a matrix consisting of columns of the predicted values of the linear combinations of the 

instruments. This �̂�2𝑆𝐿𝑆 is a consistent estimator of the actual coefficient.218 

When the error terms do not satisfy the i.i.d. assumption, 2SLS leads to inefficient estimates. 

Using GMM instead produces consistent and efficient estimates. Each exogenous instrument 

creates a moment. These l instruments have l sample moments that are: 

𝑔(𝛽) =
1
𝑁
�𝑧′𝑖(𝑦𝑖 − 𝑥𝑖𝛽) =

1
𝑁

𝑁

𝑖=1

𝑍′𝑢 

 

GMM chooses the beta that solves 𝑔(𝛽) = 0. When the equation is exactly identified (l = k), 

there is a unique �̂� that solves the above equation since the number of unknowns and moment 

conditions are equal. This GMM estimator is identical to the 2SLS estimator calculated above. 

However, when the equation is overidentified, the GMM estimator is the �̂� that minimizes: 
 

𝑁𝑔��̂�𝐺𝑀𝑀�
′
𝑊𝑔��̂�𝐺𝑀𝑀� 

                                                           
217 In the regression tables included, I also note the Angrist-Pischke multivariate F test of excluded instruments, Hansen J statistic, and 
underidentification test. 
218 Baum, 2006, p.189. See also Wooldridge, Jeffrey M. Introductory Econometrics: A Modern Approach. Fourth edition, p 522, South-Western, 
2006. 
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Where W is an l x l weighting matrix that accounts for correlations among the errors. Solving 

this produces the GMM estimator: 
 

�̂�𝐺𝑀𝑀 = (𝑋′𝑍𝑊𝑍′𝑋)−1𝑋′𝑍𝑊𝑍′𝑦 
 

Then, this is combined with a consistent estimator, �̂�, of the covariance matrix of the moment 

conditions g. First, 2SLS estimation generates parameter estimates and residuals. Then, using 

assumptions about Ω,219 �̂� is produced from the residuals to create the feasible efficient two-step 

GMM estimator:220 
 

�̂�𝐹𝐸𝐺𝑀𝑀 = (𝑋′𝑍�̂�−1𝑍′𝑋)−1𝑋′𝑍�̂�−1𝑍′𝑦 
 

Model 1 uses the 2SLS method and the natural log of median value. Model 2 uses the 2SGMM 

method and the natural log of median value. Model 3 uses 2SLS and the natural log of the upper 

quartile of value. Model 4 uses 2SLS and the natural log of the lower quartile of value. Model 5 

uses 2SLS and the natural log of median value of non-mobile homes. All models were found to 

have heteroskedasticity and were corrected using the standard “robust” technique.221 Results for 

each model are presented in their respective tables. 

 

VIII. Results 

 

Before looking at the regression output, I present a summary of the 2000 and 2010 

datasets. Exhibit 1 contains an overview of the census tracts found in each state and year. 

Exhibits 2-5 contain summary statistics of the datasets and illustrate trends between the two time 

periods. Starting with Maine, the max median price of a home has nearly doubled, from 

$250,000 to $500,000. The standard deviation also more than doubled. Lower value increased by 

$100,000 and upper value increased by $200,000. The minimum prices did not change. In 

Massachusetts, the max of median value also jumped by a similar amount, $188,000.222 The 

                                                           
219 See Baum, 2006, pp. 196-198 
220 The 2SGMM technique is taken from pages 195-197 of Baum, 2006. 
221 Estimations were performed using STATA 12. 
222 This amount is likely understated since the dataset caps all value responses at 1 million dollars. 
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standard deviation fell by a considerable amount, $60,000, indicating that the prices in 2010 are 

more clustered around the median value. The lower and upper quartiles shifted slightly upwards, 

even though the max for lower quartile fell slightly. The minimum for median price grew by 

$50,000, while other minimums remained at similar levels. Visualizing these results, the median 

price heat maps highlight growth in Maine that occurred primarily along two thirds of the 

southeastern coast, with low to moderate growth in interior areas along the New Hampshire 

border. 

In Massachusetts, prices grew in almost every census tract. Cape Cod, the islands of 

Martha’s Vineyard and Nantucket, western suburbs of Boston, and the North and South Shores 

exhibited the most significant growth. The western part of the state, including the Berkshires, 

grew as well, but at a slower rate. My high level analysis of the dependent variable tells one side 

of the story. Prices grew between 2000 and 2010, but not at an unheard of rate. More 

importantly, it seems this growth was not confined to areas that are known primarily for having 

vacation homes. In this sense, it seems that Massachusetts acts as a control to explain the effects 

of increasing percentages of second homes. 

In Exhibits 2 and 3, observe that Maine’s max value of “Perc_Second” increases by 

twenty percentage points, while the standard deviation and minimum remain the same. 

Massachusetts’ max increased by a smaller amount, six percentage points, and the standard 

deviation and minimum did not change.223 The heat maps illustrate an unusual distribution of 

percent second homes in Maine. The middle swath of low percentages is where I-95 cuts through 

the state and the maps show that the permanent population has grown around this highway. The 

geography of Northwestern Maine is very good for second homes due to little primary road 

access, numerous lakes, and low population density. These census tracts are larger than most 

while having roughly the same population and housing units as other tracts. Additionally, 

Rangeley lakes and Baxter State Park are located in these areas. The lack of second homes in the 

northeast corner near the Canadian border (and the small census tracts) can be attributed to a 

higher concentration of population. Located there are cities such as Caribou and Presque Isle that 

have industrial sites and a military presence. Comparing 2000 to 2010, there is again growth 

                                                           
223 Please note that these descriptive details of changes between the two datasets must be interpreted with the understanding that both Maine and 
Massachusetts saw an increase in the number of census tracts between these two periods. For Massachusetts in particular, over 100 new census 
tracts were created. This means that many census tracts were split into two or more parts, making the summary statistics harder to compare across 
years. 
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along the southeastern coast and the northwestern tracts, with little to moderate change in the 

interior and other regions. 

Massachusetts’ pattern of percent second homes shows high concentrations in Cape Cod, 

and the islands of Nantucket and Martha’s Vineyard, as well as high concentrations in the 

western most tracts of the Berkshires. In contrast to Maine, these tracts with high concentrations 

are relatively insulated and do not represent a large portion of the entire state. Additionally, there 

does not seem to be much growth between 2000 and 2010 in the number of tracts with high 

concentrations, except for a small outpost in the northern waterfront communities of Rockport 

and Gloucester. Note that while there were divisions of census tracts on the Cape Cod and South 

Shore areas, the distribution of the high concentration of second homes remained consistent from 

the previously larger tracts. This analysis of the explanatory variable tells the other side of the 

story. Growth in the percentage of second homes is not nearly as pronounced, and appears to 

occur in existing markets for second homes. Looking at the heat maps for changes in number of 

second homes and primary homes, observe that the growth in primary homes outpaced growth in 

second homes.224 

Regression models 1 and 2225 reported similar results between the 2SLS and 2SGMM 

models, indicating initial robustness. The coefficients on “Perc_Second” fell from 2.07 to 1.98, 

and were very significant, with p values of 0.000.226 This immediately supports the hypothesis 

that concentration of second homes has a positive effect on median price, and this effect lessened 

between 2000 and 2010. These coefficients are interpreted to mean that a one percentage point 

increase in the concentration of second homes (the “Perc_Second” variable increasing by .01) 

leads to a .0207 and .0198 increase in the log of price or an increase of 2.07% and 1.98% of 

price, respectively. Given the median prices of $77,652 in 2000 and $133,252 in 2010, this 

translates to increases of $1,607 and $2,638. Age of house has a negative sign, as expected, but 

has a relatively small coefficient (as a house changes classification from new to old). This 

coefficient becomes even smaller in 2010 and also loses significance. This coefficient is 

surprising; the literature shows that quality of house stock and price are positively correlated.227 

However, this variable as constructed does not capture the difference between any two years, and 

                                                           
224 For more detail on the change in the number of primary and second homes between 2000 and 2010, please refer to the respective heat maps in 
the appendix. 
225 Please refer to exhibits 6 and 7. 
226 These coefficients are statistically different from each other with p values of .7364 for the 2SLS model and 0.7222 for the 2SGMM model. 
227 See Medina, et al., 2007. 
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does not account for improvements on older houses which would increase the quality while not 

affecting age. The median rooms variable in 2000 has a surprising, slightly negative coefficient 

and insignificant p-value. This was expected to be more positive and precisely estimated in both 

datasets. Distance has a significant negative effect; each 100 miles away from Boston one 

travels, the average price falls by about 30%. The additional models run with the travel time 

variable report a similar result.228 

Moving on to the family income variable, the results show that a $10,000 increase in 

2000 increases price by 14%, whereas in 2010 it increased price by 5.9%, a decrease of about 

8%. This decrease shows that income now has a smaller effect on the median price of a home 

than it did in 2000. This makes ‘economic’ sense given the rapid increase in house prices over 

the past 10 years. Using the other income variable in the regression, median household income, 

does not change the significance level or magnitude of the coefficient. Unemployment is 

observed to have an insignificant, positive effect on price in 2000 and a significant, negative 

effect in 2010. The change in the significance is surprising. Population density’s effect decreases, 

but still predicts a small change in price. As hypothesized, the state dummy has a statistically 

significant, negative effect for a given house in Maine. This effect translates to a decrease in 

price of about 9.5%, which is equivalent to decreasing the median number of rooms by one. The 

control variables of total units and median rent have the expected signs and are significant; 

however, the magnitude of the median rent coefficient is smaller than expected (an increase in 

monthly rent of $100 leads to only a .6% increase in 2010 price), and the coefficient is actually 

smaller in 2010 than it is for 2000. Perhaps this is an indication of the remaining presence of a 

bubble in the 2010 dataset.229 Both models report similar R2 values of .79 and .76. The Angrist-

Pischke multivariate F test230 reports values of 59 and 47, indicating high predictive ability of, 

and correlation between, the instruments and the excluded exogenous variable. The insignificant 

result to the Hansen J Statistic231 and the highly significant result of the Kleibergen-Paap 

statistic232 provide some support that the instruments chosen are “good” instruments. 

                                                           
228 Note that the correlation between travel time and distance is very high, around .95 
229 Some studies have suggested that home prices moving out of line with rents is an indication of a bubble. See, for example,  
Krainer, John. “FRBSF Economic Letter –House Price Bubbles.” Economic Research, Federal Reserve Bank of San Francisco. No.2003-06, 
March 7, 2003. 
230 Baum, p. 210. 
231 Baum, p. 200. 
232 Baum, p. 214. 
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 The model using the upper quartile reports a much smaller drop between 2000 and 2010, 

of .02, which is economically insignificant233 given the range of estimated coefficients seen in 

Exhibit 6. The age of house variable now becomes more insignificant in both datasets. 

Surprisingly, the median rooms variable becomes significant in 2000 but is estimated to have a 

negative coefficient with similar magnitude to the 2010 coefficient. This result is puzzling 

because it seems to indicate that more rooms decrease the price in 2000 while it was entirely 

reversed in 2010. Again, unemployment is even more insignificant in 2000, clouding the 

interpretation of its coefficient. The state dummy is now insignificant in 2010. Lastly, median 

rent has now become insignificant in 2010. This could be an additional sign that the dataset has 

yet to recover from the housing bubble. Economic rents should be a significant predictor of 

house prices, but for the upper quartile of properties they are not. R2 values fell slightly, 

particularly in 2010. The IV tests show that the 2000 coefficients must be interpreted with 

caution since the p value of the Hansen J Statistic is .0418.  

The model using the lower quartile reports a jump between 2000 and 2010 with 

respective significant coefficients of 1.37 and 1.73.234 These coefficients translate to a 1.37% and 

1.73% increase in price as the percentage of second homes increases by 1%. While these effects 

are smaller than the median and upper quartile models, the increase in effect between 2000 and 

2010 was not expected. As with the upper quartile model, the median rooms coefficient takes a 

similar, negative value in 2000 and reverses itself in 2010. There seems to be something unique 

about the upper and lower ends of the distribution that lead to this conclusion. One possible 

explanation is due to the fact that these houses are drawn from a different sample.235 

For the first time, the unemployment coefficient in 2000 has a significant negative value. 

The effect of unemployment on home price increases over the dataset span, indicating that 

unemployment has a more significant effect on the lower end of the income spectrum. This is 

consistent with the idea that housing purchases are prioritized over other spending and that when 

income is low enough, housing ownership becomes out of reach. The state dummies are greater 

in magnitude than the other models, and actually become more negative from 2000 to 2010. 

Perhaps this indicates that Maine’s lower quartile of homes was more adversely affected by the 

                                                           
233 These coefficients are actually statistically different from each other with a p value of .9491. 
234 Again these coefficients are statistically different from each other with a p value of .1941. Note that this model has the lowest p value between 
the two percent second coefficients. 
235 In the 2000 dataset, the houses that make up the lower and upper quartile observations are defined as “specified owner-occupied housing 
units.” In the 2010 dataset, these observations are taken from the sample of all housing units. Please refer to the data section, p.27, for more 
details.  
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financial crisis than Massachusetts’ lower quartile. Finally, the R2 values increased as compared 

to model 3, and again the IV tests show no troubling results. 

The model using the constructed median price of non-mobile homes shows similar results 

to the first two models, with a drop in the percent second coefficient from 1.93 to 1.71.236 This 

drop is slightly higher than before, which signals that the drop observed in models 1 and 2 could 

be understated. Additionally, the median rooms coefficient for 2000 is insignificant (as in models 

1 and 2) and does not display the previously observed substantial negative effect. Unemployment 

returns to being insignificant in 2000. However, these results must be interpreted with caution as 

the 2010 model indicates concerns with the choice of instruments, as the p value of the Hansen J 

Statistic is now .0048. Also note the limited number of observations (~400 compared to ~1650). 

 

IX. Conclusion and Further Study 

 

The analysis shows that concentration of second homes has a positive effect on the price 

of a home, while the change in this effect between 2000 and 2010 is not conclusive. It dropped 

for the median, remained constant for the upper quartile, and fell for lower quartile. This 

indicates that there is something unique about locations where second homes are more 

concentrated. One explanation is that the model suffers from omitted variable bias, and these 

omitted variables are correlated with “Perc_Second” and the median price. If this is case, then 

the coefficients on “Perc_Second” are biased. It is impossible to create a hedonic pricing model 

that perfectly predicts home prices because there are far too many variables that influence a 

purchaser’s decision. And the choice set of houses is limited to many existing properties that 

never fully maximize the buyer’s utility. Another factor is that the instruments, while appearing 

to be good, could be better. Thus the instrument itself can lead to inconsistent coefficients. Even 

if these issues were to be fixed, I believe there will still be a positive effect on price where there 

are high concentrations of second homes. The analysis shows that this spillover effect drives the 

price of homes up where there are high percentages of second homes. Even those market 

participants who are interested in a primary home are forced to pay this second home premium. 

There are some extensions available that would build upon my results. This case study 

can be expanded to include additional New England states (such as Vermont and New 

                                                           
236 These coefficients are statistically different from each other with a p value of .4126. 
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Hampshire) or non-New England states (such as Wisconsin and Arizona) where there are a large 

number of second homes. Data can be collected going back to 1990 or for the years between 

2000 and 2010. Additionally, the 2010 data from the 5 year ACS survey can be updated with 

more detailed information from the 2010 census SF1 as it becomes available. The census also 

offers a dataset called PUMS (public use microdata sample) which is a more detailed sample 

from the ACS. Instead of aggregating data by tract, each observation is an individual respondent. 

These responses also contain more detailed information on housing characteristics which would 

improve the precision of estimating coefficients. In particular, this dataset has information about 

the lot size of each house, which has been shown to be a significant predictor of price.  Finally, 

the ideal approach would neglect census data entirely. Housing and transaction information 

would be collected from a sample of houses in various communities, and each house would be 

identified as either a primary or secondary residence. This would create a better time-series 

dataset that would have significant action within each community and sufficient action within 

each house. 

This study illustrates that concentration of second homes has an economically significant 

effect on price levels. While the regression model is imperfect, it still demonstrates a 

considerable effect that warrants additional research. In addition to Maine and Massachusetts, 

there are many other seasonal communities where this effect should be confirmed. 
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Exhibit 1, Summary of Census Tracts

Data Set # of Tracts1 Min Population2 Max Population2 Median Population Min Size (sq miles)3 Max Size3 Median Size

Maine 2010 358 404 8,320 3,474 0.065 3,379 37.20

Maine 2000 348 75 9,383 3,396 0.061 3,499 37.13

Mass 2010 1478 6 12,079 4,323 0.017 831 1.65

Mass 2000 1367 1 12,051 4,478 0.029 790 1.74

Total: 3551 1 12,079 3,918 0.017 3,499 19.43

Notes:
[1] For the min populations, values of '0' are excluded.

Sources: 
[1] U.S. Census Bureau American FactFinder, http://factfinder2.census.gov
[2] Maine 2010: Table DP-1; Maine 2000: Table DP-1 SF1; Mass 2010: DP-1; Mass 2000: DP-1 SF1
[3] 2010 Census U.S. Gazetteer Files, http://www.census.gov/geo/www/gazetteer/gazetteer2010.html; 2000 Census U.S. Gazetteer File http://www.census.gov/geo/www/gazetteer/places2k.html
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Exhibit 2, Maine 2000 Data Set

Description of Variable Variable Name Obs Min1 Max1 Std Deviation Census Dataset2 Notes3

Median value of each owner-occupied 
housing unit Median_Value 344 $45,700 $246,300 $35,574 2000 Census SF3 H085

Median number of rooms in each 
housing unit Median_Rooms 344 3.2 7 0.56 2000 Census SF3 QTH4

Dummy variable for the age of the 
house Age_of_House 344 n/a4 n/a4 0.48 2000 Census SF3 Constructed from table H035

Percentage of homes that are used for 
recreational or vacation purposes Perc_Second 344 0.1% 69.6% 0.17 2000 Census SF1 VD05 from table H005 divided by VD01 from table H003

Distance from tract to Boston, MA Distance 343 58.6 458 87.80 Google Maps Collected from maps.google.com and census data

Travel time from tract to Boston, MA Travel_Time 343 67 520 87.70 Google Maps Collected from maps.google.com and census data

Median value of occupied housing 
units, excluding mobile homes Median_Value_Nonmobile 339 $48,532 $246,300 $35,525 2000 Census SF3 H082, DP-4, and H085 

Median family income Median_Family_Inc 344 $16,344 $89,291 $10,835 2000 Census SF3 P077

Median household income Median_Household_Inc 344 $11,450 $74,257 $9,710 2000 Census SF3 P053

Unemployment rate Perc_Unemp 344 0% 22.5% 0.03 2000 Census SF3 DP-3, # unemployed divided by civilian labor force

Lower quartile value of each owner-
occupied housing unit Lower_Value 343 $29,700 $202,500 $26,351 2000 Census SF3 H075

Upper quartile value of each owner-
occupied housing unit Upper_Value 343 $63,400 $550,000 $61,702 2000 Census SF3 H077

Percentage of tract that is water Perc_Water 348 0% 100% 0.20 2000 Gazetteer Water area divided by total tract area

Population density Pop_Density 348 0 24,020 2,416 2000 SF1, Gazetteer Population divided by total tract area, people per sq. mi.

Total number of housing units Total_Units 348 0 7727 883 2000 Census SF1 H003

Median gross rent Median_Rent 344 246 1051 120 2000 Census SF3 H063. 2 top coded observations replaced with $2,000

Notes: 
[1] For the 'Min' and 'Max' values above, undefined values are excluded.
[2] 'Census Dataset' refers to the specific census dataset from which the variable is taken.
[3] Generally, this column contains the census dataset from which the variable is taken. For a more detailed disscussion, pleae refer to the 'Data' section of the paper.
[4] The min and max values are not applicable here since the variable is a dummy variable.

3838



Exhibit 3, Maine 2010 Data Set

Description of Variable Variable Name Obs Min1 Max1 Std Deviation Census Dataset2 Notes3

Median value of each owner-occupied 
housing unit Median_Value 350 $57,700 $507,200 $77,879 2010 ACS 5 Yr B25077

Median number of rooms in each 
housing unit Median_Rooms 351 2.9 7 0.66 2010 ACS 5 Yr B25018

Dummy variable for the age of the 
house Age_of_House 351 n/a4 n/a4 0.50 2010 ACS 5 Yr Constructed from table B25035

Percentage of homes that are used for 
recreational or vacation purposes Perc_Second 351 0.1% 88.8% 0.17 2010 Census D006 from table H5 divided by D001 from table H3

Distance from tract to Boston, MA Distance 349 59.2 455 88.21 Google Maps Collected from maps.google.com and census data

Travel time from tract to Boston, MA Travel_Time 349 66 549 89.82 Google Maps Collected from maps.google.com and census data

Median value of occupied housing 
units, excluding mobile homes Median_Value_Nonmobile 274 $61,546 $490,739 $73,429 2010 ACS 5 Yr B25083, DP04

Median family income Median_Family_Inc 351 $14,583 $109,363 $15,475 2010 ACS 5 Yr B19113

Median household income Median_Household_Inc 351 $11,998 $96,198 $14,313 2010 ACS 5 Yr B19013

Unemployment rate Perc_Unemp 351 0.5% 28.9% 0.04 2010 ACS 5 Yr DP03, # unemployed divided by civilian labor force

Lower quartile value of each owner-
occupied housing unit Lower_Value 350 $31,700 $311,900 $59,050 2010 ACS 5 Yr B25076

Upper quartile value of each owner-
occupied housing unit Upper_Value 350 $80,900 $770,500 $117,713 2010 ACS 5 Yr B25078

Percentage of tract that is water Perc_Water 358 0% 100% 0.20 2010 Gazetteer Water area divided by total tract area

Population density Pop_Density 358 0 21,246 2,296 2010 Census, Gazetteer Population divided by total tract area, people per sq. mi.

Total number of housing units Total_Units 358 0 8186 889 2010 Census H3

Median gross rent Median_Rent 351 197 1411 192 2010 ACS 5 Yr B25064

Notes: 
[1] For the 'Min' and 'Max' values above, undefined values are excluded.
[2] 'Census Dataset' refers to the specific census dataset from which the variable is taken.
[3] Generally, this column contains the census dataset from which the variable is taken. For a more detailed disscussion, pleae refer to the 'Data' section of the paper.
[4] The min and max values are not applicable here since the variable is a dummy variable.
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Exhibit 4, Massachusetts 2000 Data Set

Description of Variable Variable Name Obs Min1 Max1 Std Deviation Census Dataset2 Notes3

Median value of each owner-occupied 
housing unit Median_Value 1352 $10,000 $812,500 $103,470 2000 Census SF3 H085. 1 bottom coded obs is replaced with $10,000.

Median number of rooms in each 
housing unit Median_Rooms 1358 1.4 9.1 1.12 2000 Census SF3 QTH4

Dummy variable for the age of the 
house Age_of_House 1358 n/a4 n/a4 0.36 2000 Census SF3 Constructed from table H035

Percentage of homes that are used for 
recreational or vacation purposes Perc_Second 1360 0% 77.6% 0.08 2000 Census SF1 VD05 from table H005 divided by VD01 from table H003

Distance from tract to Boston, MA Distance 1365 0.4 170 33.86 Google Maps Collected from maps.google.com and census data

Travel time from tract to Boston, MA Travel_Time 1365 2 199 37.50 Google Maps Collected from maps.google.com and census data

Median value of occupied housing 
units, excluding mobile homes Median_Value_Nonmobile 1346 $27,500 $945,000 $104,728 2000 Census SF3 H082, DP-4, and H085 

Median family income Median_Family_Inc 1356 $11,250 $191,062 $25,419 2000 Census SF3 P077

Median household income Median_Household_Inc 1357 $2,500 $157,189 $21,845 2000 Census SF3 P053. 1 bottom coded obs is replaced with $2,500.

Unemployment rate Perc_Unemp 1358 0% 71.0% 0.05 2000 Census SF3 DP-3, # unemployed divided by civilian labor force

Lower quartile value of each owner-
occupied housing unit Lower_Value 1332 $19,000 $1,000,000 $98,685 2000 Census SF3 H075. 3 top coded obs are replaced with $1,000,000.

Upper quartile value of each owner-
occupied housing unit Upper_Value 1332 $47,500 $1,000,000 $171,507 2000 Census SF3 H077. 23 top coded obs are replaced with $1,000,000.

Percentage of tract that is water Perc_Water 1367 0% 100% 0.16 2000 Gazetteer Water area divided by total tract area

Population density Pop_Density 1367 0 105,248 9,416 2000 SF1, Gazetteer Population divided by total tract area, people per sq. mi.

Total number of housing units Total_Units 1367 0 6549 811 2000 Census H003

Median gross rent Median_Rent 1354 182 2000 238 2000 Census SF3 H063. 2 top coded observations replaced with $2,000

Notes: 
[1] For the 'Min' and 'Max' values above, undefined values are excluded.
[2] 'Census Dataset' refers to the specific census dataset from which the variable is taken.
[3] Generally, this column contains the census dataset from which the variable is taken. For a more detailed disscussion, pleae refer to the 'Data' section of the paper.
[4] The min and max values are not applicable here since the variable is a dummy variable.
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Exhibit 5, Massachusetts 2010 Data Set

Description of Variable Variable Name Obs Min1 Max1 Std Deviation Census Dataset2 Notes3

Median value of each owner-occupied 
housing unit Median_Value 1440 $63,400 $1,000,000 $41,095 2010 ACS 5 Yr B25077. 12 top coded obs are replaced with $1,000,000.

Median number of rooms in each 
housing unit Median_Rooms 1456 1.6 9 0.18 2010 ACS 5 Yr B25018. 8 top coded obs are repalced with 9.0

Dummy variable for the age of the house Age_of_House 961 n/a4 n/a4 0.47 2010 ACS 5 Yr Constructed from table B25035

Percentage of homes that are used for 
recreational or vacation purposes Perc_Second 1464 0% 83.7% 0.09 2010 Census D006 from table H5 divided by D001 from table H3

Distance from tract to Boston, MA Distance 1474 0.5 169 33.60 Google Maps Collected from maps.google.com and census data

Travel time from tract to Boston, MA Travel_Time 1474 2 198 37.24 Google Maps Collected from maps.google.com and census data

Median value of occupied housing units, 
excluding mobile homes Median_Value_Nonmobile 136 $144,667 $930,478 $102,549 2010 ACS 5 Yr B25083, DP04

Median family income Median_Family_Inc 1454 $9,220 $250,000 $36,281 2010 ACS 5 Yr B19113. 2 top coded obs are replaced with $250,000.

Median household income Median_Household_Inc 1455 $9,554 $218,667 $29,108 2010 ACS 5 Yr B19013

Unemployment rate Perc_Unemp 1463 0% 44.7% 0.05 2010 ACS 5 Yr DP03, # unemployed divided by civilian labor force

Lower quartile value of each owner-
occupied housing unit Lower_Value 1440 $10,000 $934,200 $114,473 2010 ACS 5 Yr B25076. 1 bottom coded obs is replaced with $10,000.

Upper quartile value of each owner-
occupied housing unit Upper_Value 1440 $69,800 $1,000,000 $199,142 2010 ACS 5 Yr B25078. 57 top coded obs are replaced with $1,000,000.

Percentage of tract that is water Perc_Water 1478 0% 100% 0.14 2010 Gazetteer Water area divided by total tract area

Population density Pop_Density 1478 0 109,755 10,489 2010 SF1, Gazetteer Population divided by total tract area, people per sq. mi.

Total number of housing units Total_Units 1478 0 5220 742 2010 Census H3

Median gross rent Median_Rent 1438 191 2000 341 2010 ACS 5 Yr B25064. 29 top coded observations replaced with $2,000

Notes: 
[1] For the 'Min' and 'Max' values above, undefined values are excluded.
[2] 'Census Dataset' refers to the specific census dataset from which the variable is taken.
[3] Generally, this column contains the census dataset from which the variable is taken. For a more detailed disscussion, pleae refer to the 'Data' section of the paper.
[4] The min and max values are not applicable here since the variable is a dummy variable.
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Exhibit 6
2SLS Coefficients, median value

Coefficient Std Error1 p-value Coefficient Std Error1 p-value

Constant 11.80678 0.0904721 0.000 11.26782 0.0857687 0.000

Percent Second2 1.982901 0.1723713 0.000 2.07349 0.2066807 0.000

Age of House -0.0300718 0.0163291 0.066 -0.0754749 0.0175141 0.000

Median Rooms 0.0954477 0.0173763 0.000 -0.003374 0.0138002 0.807

Distance -0.0038748 0.0002609 0.000 -0.0030812 0.0002469 0.000

Income3 0.00000577 6.31E-07 0.000 0.0000131 6.29E-07 0.000

Unemployment -0.910042 0.2842984 0.001 0.2910224 0.2790105 0.297

Pop Density 0.0000144 3.35E-06 0.000 0.00000877 1.82E-06 0.000

State Dummy4 -0.0800988 0.0271401 0.003 -0.0915661 0.0269593 0.001

Total Units -0.0000365 1.47E-05 0.013 -0.000055 1.22E-05 0.000

Median Rent 0.0000614 2.50E-05 0.014 0.0002169 4.83E-05 0.000

Centered R2

# Observations

p-value p-value

AP F test5 0.0000 0.0000

Hansen J Statistic 0.9254 0.7038

K-P Statistic6 0.0000 0.0000

Notes: 
[1] The standard errors are corrected for heteroskedasticity.
[2] Robustness checks were performed using median household income, travel time, and the square root of distance. The
resulting coefficients ranged between 2.0260 to 2.1665 for 2010 and 2.0009 to 2.3551 for 2000 (total of 5 other models).
[3] Income refers to median family income.
[4] The state dummy variable takes the value of 1 for Maine and 0 for Massachusetts.
[5] Refers to the Angrist-Pischke multivariate F test of excluded instruments.
[6] Refers to the Kleibergen-Paap rk LM statistic.
[7] The dependent variable is the natural log of median value.
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Exhibit 7
2SGMM Coefficients, median value

Coefficient Std Error1 p-value Coefficient Std Error1 p-value

Constant 11.8067 0.0904678 0.000 11.26862 0.0857427 0.000

Percent Second2 1.981998 0.1721016 0.000 2.077533 0.206407 0.000

Age of House -0.0300301 0.016323 0.066 -0.0753017 0.0175082 0.000

Median Rooms 0.0954247 0.0173746 0.000 -0.0034082 0.0137999 0.805

Distance -0.0038735 0.0002605 0.000 -0.0030797 0.0002469 0.000

Income3 0.00000577 6.31E-07 0.000 0.0000131 6.29E-07 0.000

Unemployment -0.9101539 0.2842959 0.001 0.2803885 0.2776051 0.312

Pop Density 0.0000143 3.35E-06 0.000 0.00000879 1.82E-06 0.000

State Dummy4 -0.0802414 0.0270973 0.003 -0.0927547 0.0267775 0.001

Total Units -0.0000365 0.0000147 0.013 -0.0000549 0.0000122 0.000

Median Rent 0.0000614 0.000025 0.014 0.0002162 0.0000483 0.000

Centered R2

# Observations

p-value p-value

AP F test5 0.0000 0.0000

Hansen J Statistic 0.9254 0.7038

K-P Statistic6 0.0000 0.0000

Notes: 
[1] The standard errors are corrected for heteroskedasticity.
[2] Robustness checks were performed using median household income, travel time, and the square root of distance. The
resulting coefficients ranged between 2.0309 to 2.1582 for 2010 and 1.9961 to 2.3665 for 2000 (total of 5 other models).
[3] Income refers to median family income.
[4] The state dummy variable takes the value of 1 for Maine and 0 for Massachusetts.
[5] Refers to the Angrist-Pischke multivariate F test of excluded instruments.
[6] Refers to the Kleibergen-Paap rk LM statistic.
[7] The dependent variable is the natural log of median value.

0.009 0.145
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Exhibit 8
2SLS Coefficients, upper value

Coefficient Std Error1 p-value Coefficient Std Error1 p-value

Constant 12.01234 0.0917539 0.000 11.67805 0.0947759 0.000

Percent Second2 2.517499 0.2048045 0.000 2.537442 0.2362449 0.000

Age of House -0.0315325 0.0182958 0.085 -0.042874 0.0211663 0.043

Median Rooms 0.0951694 0.0198059 0.000 -0.0849871 0.0180591 0.000

Distance -0.0035601 0.0002967 0.000 -0.0026903 0.0002715 0.000

Income3 0.0000064 7.70E-07 0.000 0.0000178 8.49E-07 0.000

Unemployment -0.7265903 0.2982361 0.015 -0.0227313 0.2960723 0.939

Pop Density 0.0000184 2.99E-06 0.000 0.0000126 1.82E-06 0.000

State Dummy4 -0.0396449 0.0317039 0.211 -0.078915 0.0310187 0.011

Total Units -0.0000562 0.0000169 0.001 -0.0000659 0.0000144 0.000

Median Rent 0.0000309 0.0000266 0.246 0.0001785 0.0000501 0.000

Centered R2

# Observations

p-value p-value

AP F test5 0.0000 0.0000

Hansen J Statistic 0.8257 0.0418

K-P Statistic6 0.0000 0.0000

Notes: 
[1] The standard errors are corrected for heteroskedasticity.
[2] Robustness checks were performed using median household income, travel time, and the square root of distance. The
resulting coefficients ranged between 2.5574 to 2.7035 for 2010 and 2.4778 to 2.8535 for 2000 (total of 5 other models).
[3] Income refers to median family income.
[4] The state dummy variable takes the value of 1 for Maine and 0 for Massachusetts.
[5] Refers to the Angrist-Pischke multivariate F test of excluded instruments.
[6] Refers to the Kleibergen-Paap rk LM statistic.
[7] The dependent variable is the natural log of the upper quartile of value.
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Exhibit 9
2SLS Coefficients, lower value

Coefficient Std Error1 p-value Coefficient Std Error1 p-value

Constant 11.57927 0.0856678 0.000 11.31709 0.0931926 0.000

Percent Second2 1.739506 0.1818976 0.000 1.373464 0.2153849 0.000

Age of House -0.0547733 0.0168088 0.001 -0.0371721 0.0177426 0.036

Median Rooms 0.1004589 0.0177597 0.000 -0.0754953 0.0148001 0.000

Distance -0.004323 0.0002699 0.000 -0.0025897 0.0002153 0.000

Income3 0.00000539 6.25E-07 0.000 0.0000149 6.12E-07 0.000

Unemployment -1.023687 0.3736325 0.006 -0.6858352 0.2995666 0.022

Pop Density 0.0000106 4.18E-06 0.011 0.00000778 1.86E-06 0.000

State Dummy4 -0.1188661 0.0299632 0.000 -0.1067967 0.0222599 0.000

Total Units -0.0000242 0.0000168 0.148 -0.0000304 0.0000131 0.020

Median Rent 0.0000705 0.0000279 0.012 0.0002493 0.0000475 0.000

Centered R2

# Observations

p-value p-value

AP F test5 0.0000 0.0000

Hansen J Statistic 0.5257 0.1816

K-P Statistic6 0.0000 0.0000

Notes: 
[1] The standard errors are corrected for heteroskedasticity.
[2] Robustness checks were performed using median household income, travel time, and the square root of distance. The
resulting coefficients ranged between 1.7841 to 1.9290 for 2010 and 1.3197 to 1.6553 for 2000 (total of 5 other models).
[3] Income refers to median family income.
[4] The state dummy variable takes the value of 1 for Maine and 0 for Massachusetts.
[5] Refers to the Angrist-Pischke multivariate F test of excluded instruments.
[6] Refers to the Kleibergen-Paap rk LM statistic.
[7] The dependent variable is the natural log of the lower quartile of value.

0.403 1.784

88.884 74.756

1278 1669

F-value F-value

59.21 47.76

0.7926 0.7929

2010 2000

Other Regression Information

2010 2000

4545



Exhibit 10
2SLS Coefficients, median value non-mobile

Coefficient Std Error1 p-value Coefficient Std Error1 p-value

Constant 10.74172 0.198 0.000 11.33943 0.0781143 0.000

Percent Second2 1.712594 0.1829968 0.000 1.935611 0.2015041 0.000

Age of House 0.0127938 0.0246024 0.603 -0.0402586 0.0165869 0.015

Median Rooms 0.1777307 0.0363764 0.000 -0.0121918 0.0120686 0.312

Distance -0.0022758 0.000204 0.000 -0.0028822 0.0002294 0.000

Income3 0.00000967 1.24E-06 0.000 0.0000129 6.45E-07 0.000

Unemployment -1.126396 0.4358117 0.010 0.180427 0.2964313 0.543

Pop Density 0.0000515 1.52E-05 0.001 0.00000828 1.81E-06 0.000

State Dummy4 -0.0530868 0.0330155 0.108 -0.0510038 0.0252224 0.043

Total Units -0.00000964 0.0000177 0.585 -0.0000562 0.0000118 0.000

Median Rent 0.000174 0.0000595 0.003 0.0002145 0.0000448 0.000

Centered R2

# Observations

p-value p-value

AP F test5 0.0000 0.0000

Hansen J Statistic 0.0048 0.5919

K-P Statistic6 0.0000 0.0000

Notes: 
[1] The standard errors are corrected for heteroskedasticity.
[2] Robustness checks were performed using median household income, travel time, and the square root of distance. The
resulting coefficients ranged between 1.7900 to 1.9536 for 2010 and 1.8602 to 2.2084 for 2000 (total of 5 other models).
[3] Income refers to median family income.
[4] The state dummy variable takes the value of 1 for Maine and 0 for Massachusetts.
[5] Refers to the Angrist-Pischke multivariate F test of excluded instruments.
[6] Refers to the Kleibergen-Paap rk LM statistic.
[7] The dependent variable is the natural log of the median non-mobile value.
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Exhibit 11, Age of House Dummy 

 
 New (=1) Old (=0) 

  Maine, 2010 176 175 

Maine, 2000 127 217 

Mass, 2010 315 646 

Mass, 2000 204 1358 
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