
 

i 
 

Residential mobility and the value of water quality improvements in the Milwaukee Estuary 
Areas of Concern 

 
 

Emma Donnelly 
edonnelly@luc.edu 

Masters Student 
Loyola University Chicago 

 
Richard T. Melstrom 
rmelstrom@luc.edu 
Associate Professor 

Loyola University Chicago 
 
 
 
 
 
 
 
 
 

 
 



 

1 
 

Residential mobility and the value of water quality improvements in the Milwaukee Estuary 
Areas of Concern 

 
 

Abstract 
 

This paper examines the economic value of removing legacy pollutants in Great Lakes 
Areas of Concern (AOCs). AOCs are heavily polluted coastal locations identified as 
priorities for cleanup under the Great Lakes Water Quality Agreement (GLWQA) between 
the United States and Canada. The GLWQA requires restoration projects that improve the 
conditions in AOCs. Valuation of water quality improvement provides useful information 
to policy makers on the costs and benefits of investment in cleanup projects. In this paper 
we estimate the economic value of cleaning up legacy pollutants in the Milwaukee Estuary 
AOC using data on neighborhood populations and moving decisions before and after 
several major cleanup actions. These pollutants pose a human and environmental health 
risk that can limit the amount of land for redevelopment, recreation, and wildlife habitat. 
We measure the effects of cleanup by estimating willingness to pay (WTP) using a two-
part residential sorting model. Our results indicate positive WTP for cleanup among 
households that own their home, but negative WTP among renters. This outcome suggests 
the benefits of cleanup flow principally toward households able to buy a home.  
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1. Introduction 

Legacy pollutants leftover from decades of industrial dumping in the Great Lakes present a 

significant threat to human and environmental health. More than 30 million people live within 

the Great Lakes Basin, including major urban centers such as Toronto, Chicago, Cleveland, 

Detroit, and Milwaukee, which rely on the lakes as a source of drinking water, shipping and 

recreation. Although water quality across the lakes has improved significantly since the 

environmental regulatory boom in the 1970s, contaminants left behind by industry prior to 

regulations, known as legacy pollutants, continue to burden a large number of coastal 

communities. Legacy pollutants, which include polychlorinated biphenyls (PCBs) and other 

persistent organic pollutants, can degrade habitat and make coastal areas unsafe for body 

contact and fishing (Botts & Muldoon, 2005). 

This paper presents research on the economic value of removing legacy pollutants in 

Great Lakes Areas of Concern (AOCs). AOCs are environmentally degraded nearshore bodies 

of water prioritized for cleanup through the Great Lakes Water Quality Agreement (GLWQA) 

between the United States and Canada. Since the establishment of AOCs in the 1980s, the 

United States and Canada have spent nearly $23 billion on restoration projects in AOCs (Hartig 

et al., 2020). Our hypothesis is that households are more likely to move toward for locations 

near the water in AOCs after water quality improves. To test this hypothesis, we develop a 

residential sorting model simulating location decisions in the Milwaukee metropolitan area, 

using data on neighborhood populations as well as the location and timing of several major 

remediation actions in the Milwaukee Estuary AOC. These actions have removed sediments 

contaminated with polychlorinated biphenyls (PCBs) and polynuclear aromatic hydrocarbons 

(PAHs), which are among the most widespread legacy pollutants. PCBs are linked to cancer 
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and effects on the immune, reproductive, neurological, and endocrine system (Carpenter, 2006). 

Our identification strategy uses variation in where remediation occurred and neighborhood 

demand before and after remediation to estimate the effect of cleanup on willingness to pay 

among Milwaukee residents.  

More broadly, this paper extends economic research on AOCs and the value of restoring 

water quality, which is crucial to evaluating the welfare consequences of policy decisions. With 

respect to AOCs, this is one of the first studies to examine cleanup actions using a before-and-

after comparison and panel data, rather than conducting an ex ante analysis with cross-sectional 

data. Prior research has either estimated the benefits of restoration ex ante using hedonic 

property value models that measure the disamenity effects of proximity to polluted water 

(McMillen 2017, Isely et al. 2018, Isely et al. 2019, Stoll et al. 2002), or choice experiments 

that generate hypothetical variations in cleanup (Braden et al. 2008, Braden et al. 2008, Patunru 

et al. 2007). Using panel data on neighborhood populations that covers the timing of cleanup 

allows us to examine how water quality improvements may have actually affected the demand 

for residential locations near the water. Furthermore, our research shines light on the 

distributional consequences of water quality improvements. We apply the sorting model to 

neighborhood populations separated by demographics, which allows us to examine how water 

quality improvements affected the locations of different groups. Income inequality, housing 

discrimination, and land use decisions can affect location decisions in ways that correlate 

strongly with demographics. Our results provide evidence that while owners benefit from 

improved water quality, renters appear to be significantly disadvantaged. 

 

2. Background 
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2.1  Great Lakes Areas of Concern 

The Great Lakes Water Quality Agreement (GLWQA) was created by the United States and 

Canada to restore water conditions in the Great Lakes. The original agreement was signed in 

1972 and has been altered several times to address various Great Lakes issues. Forty-three Great 

Lakes Areas of Concern (AOCs) were designated in the 1987 protocol to the GLWQA as 

priority areas for restoration. The protocol requires the development of Remedial Action Plans 

(RAPs) focused on the elimination of Beneficial Use Impairments (BUIs) (Botts 2005). 

Currently, nine AOCs are delisted, six have completed management actions to restore BUIs, 

and twenty-eight are listed with continuing BUIs.  

The 2002 Great Lakes Legacy Act (GLLA) and the 2010 Great Lakes Restoration 

Initiative (GLRI) provided substantial federal funding toward AOC restoration. The GLLA 

funds contaminated sediment removal projects in the Great Lakes (Botts 2005). Through the 

GLRI, remediation projects are funded by federal agencies of the GLRI’s Regional Working 

Group to remove BUIs and delist AOCs. The agencies in the working group include the 

Environmental Protection Agency (EPA), the National Oceanic & Atmospheric Administration 

(NOAA), and the U.S. Army Corps of Engineers (USACE). The GLRI is the largest source of 

funding for BUI removal projects. It has funded over 4,800 projects since its initiation, through 

expenditures of over $700 million, not including state and local funds (US EPA 2019).  

 Between 1985 and 2019, the United States and Canada spent $22.78 billion restoring 

AOCs, including $17.55 billion and $6.50 billion in the United States and Canada, respectively. 

Most expenditures went towards upgrading wastewater treatment plants and addressing 

combined sewer overflows and urban stormwater, with expenditures on contaminated sediment 

remediation, hazardous waste site and brownfield remediation, habitat rehabilitation, and 
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agricultural nonpoint source pollution following (Hartig et al. 2020). Funding for AOC 

restoration has accelerated recently in the United States. Announced in February 2022, a 

significant portion of the $1 billion investment in Great Lakes restoration from the Bipartisan 

Infrastructure Law will be directed towards cleanup of AOCs. This funding is expected to 

expedite restoration efforts so that management actions at 22 of the remaining 25 AOCs are 

complete by 2030 (EPA 2022). 

 

2.2 Milwaukee Estuary Area of Concern 

Milwaukee is an urban and industrial center where industrial discharge, municipal sewage, 

combined sewer overflow, and urban runoff contribute to water pollution (US EPA). Several 

drainage areas in the Milwaukee River basin have been prioritized for projects to reduce 

pollution, and fish consumption advisories have been issued in the Milwaukee River since 1976 

due to harmful levels of PCBs and pesticides.  

The Milwaukee Estuary AOC is located in Milwaukee, Wisconsin along the shoreline 

of Lake Michigan. The original boundaries included the harbor and nearshore waters of Lake 

Michigan and the lower estuary portions of the Milwaukee, Menomonee, and Kinnikinnic 

Rivers. The geographic boundaries were expanded in 2008 to include upstream portions of the 

rivers, as shown in Figure 1. The AOC was designated in 1987 because of contamination from 

PCBs, PAHs, and heavy metals from industrial activities (WDNR RAP). The AOC originally 

had eleven of the fourteen BUIs, but in 2021 the degradation of aesthetics was restored.  

Sediment contamination is identified as a major contributor to BUIs in the AOC. The 

2021 RAP progress report attributes seven BUIs to contaminated sediments (WDNR 2021). 

Studies since the 1970s have found high levels of PCBs in the Milwaukee River Watershed, 
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which contribute a large portion of the PCB contamination of Lake Michigan (Wethington & 

Hornbuckle 2005). The WDNR and EPA have completed several sediment removal projects to 

remove PCBs from the AOC.  

Public awareness of contamination of the area could have arisen as early as 1981, when 

PCBs were initially identified through fish tissue sampling (Wisconsin Department of Natural 

Resources & Office of the Great Lakes 2014). Awareness likely increased when the Milwaukee 

Estuary was designated as an AOC in the GLWQA protocol in 1987 and with the extension of 

the AOC’s boundaries to include the upper estuary (the upper Milwaukee, Menominee and 

Kinnickinnic Rivers) in 2008. The expansion was specifically to address sites that contributed 

significantly to sediment loads in the lower estuary (University of Wisconsin-Madison Division 

of Extension). The Wisconsin Department of Health Services (DHS) has posted signs near the 

Milwaukee River to inform users about the conditions of the river and wildlife consumption 

advisories (WDNR 2019). 

This paper focuses on four major cleanup actions in the Milwaukee Estuary AOC 

between 2008 and 2015. The first action removed several hundred pounds of PCBs from the 

upper Milwaukee River at Lincoln Park in 2008 at a cost of $1.3 million. The second action 

removed 1,200 pounds of PCBs and 13,000 pounds of PAHs from the Kinnickinnic River in 

2009 at a cost of $23 million. This cleanup also made the river more navigable, by dredging the 

river bed and removing objects and debris. The third and fourth actions removed contaminated 

sediments from the upper Milwaukee River, above and below the river stretch at Lincoln Park, 

at a cost of $24 million and $18 million, respectively. The third action removed 5,028 pounds 

of PCBs and 4,035 pounds of PAHs between 2011 and 2012 (Wisconsin Department of Natural 

Resources & Office of the Great Lakes 2014), while the fourth action removed 2,330 pounds 
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of PCBs and 12,683 pounds of PAHs between 2014 and 2015 (Environmental Quality 

Management, 2016).  

 

3. Economic Research on Great Lakes AOCs 

Previous research indicates that cleaning up AOC provides economic benefits. Table 1 provides 

a summary of this research, including study area, methodology and results. Note that the values 

in the table indicate the estimates of primary interest from each paper and are not a complete 

set of benefit estimates reported in the literature. The values we collected range from $2,296 to 

$37,077 per household. Nearly all papers estimate benefits using property value hedonics, 

applied to either revealed and stated preference data, although sometimes both. As a percentage 

of housing value, the benefit of cleanup range from about 2% to 20%. These estimates imply 

that the value of restoring an AOC can range from a few million to several hundred million 

dollars. For example, in terms of housing value, McMillen (2006) estimates that the aggregate 

benefit of restoring the Grand Calumet River AOC would be $5.92 million, and Braden et al. 

(2008b) estimates that the benefit of restoring the Sheboygan River AOC would be either $158 

million or $218 million, depending on whether one prefers estimates based on revealed or stated 

preference data. Braden et al. (2010) uses meta-analysis to estimate the benefits of restoring all 

23 U.S. AOCs, which they estimate would return $5.2 billion in lost residential property value. 

Prior research often finds that the benefits of cleaning up AOCs are largest for 

households living closest to the water. McMillen (2006) estimates that restoring the Grand 

Calumet River AOC would increase values 27% for homes directly adjacent to the river and 

18% for homes two and three blocks away. Braden et al. (2008a) estimate that restoring the 

Buffalo River AOC would increase home values within 1.5 miles of the AOC by 13%, and for 
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homes within 5 miles of the AOC by 5%. Similarly, Braden et al. (2008b) estimate that restoring 

the Buffalo River AOC would increase home values immediately adjacent to the AOC by 12%-

20%, and for homes 2 miles from the AOC by 3%-5%.  

Stoll et al. (2002) is the only study we are aware that did not measure benefits within a 

hedonic framework. Instead, Stoll et al. measure willingness to pay directly using a survey with 

a referenda-style contingent valuation question based on removing the BUIs in the Lower Green 

Bay and Fox River AOC. Their research is important for two reasons: first, they examine 

whether willingness to pay varies with the extent of cleanup and, second, they compare 

differences in willingness to pay between households living in and outside the vicinity of AOCs. 

They find diminishing marginal benefits as remediating increases from 20% to 100% of 

contaminated sediments. The estimates of partial to full remediation range from about $100 to 

$300 per household annually; their preferred estimate of WTP is $222 annually per household 

for 100% cleanup, or $4,400 per household given a 5% discount rate. They also report, based 

on responses to an open-ended follow-up question, that those adjacent to the AOC are willing 

to pay more for remediation than those living farther away. 

 

4. Methods 

To look for evidence that households value restoring AOCs, we examine the location and move 

decisions of Milwaukee county residents in response to cleanups in the Milwaukee Estuary 

AOC between 2008 and 2015. We link location decisions to cleanups using a two-stage sorting 

model. The first stage consists of a system of equations that calculates the probability that a 

household in a neighborhood will move to another neighborhood. We separate households into 

six groups, including Black renters, Black owners, White renters, White owners, other-race 
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renters and other-race owners, to allow for tenure and race-specific differences in moves with 

respect to cleanup. We then use the system of equations to estimate the mean utility of a 

neighborhood for each group in 2000-2010 and 2010-2020. The idea behind applying the model 

to these two decades is, if households value water quality improvements, then moves between 

2010 and 2020, which occurred either during or after cleanup, should be significantly different 

than those between 2000 and 2010. The second stage measures the link between location 

decisions and cleanups by applying regression analysis to the mean utilities, which we express 

in terms of willingness to pay (WTP).  

 

4.1 Sorting Model  

The first stage of the sorting model simulates a household’s decision to move from 

neighborhood or location k to location j. The decision is a function of the utility from living in 

each location, which can be written as  

𝑈!"# = 𝛿"# + 𝜂!"#        (1) 

which says household i’s utility from location k at time t is equal to the mean utility 𝛿"# from 

the location and an idiosyncratic component 𝜂!"# unique to the household. The mean utility is 

a function of cleanup 𝑐𝑙𝑒𝑎𝑛𝑢𝑝"#, the cost of housing 𝑃"#, other observable location attributes 

𝑋"#, unobservable attributes 𝜉"#, and a vector of parameters 𝛽,  

𝛿"# = 𝑓(𝑐𝑙𝑒𝑎𝑛𝑢𝑝"# , 𝑃"# , 𝑋"# , 	𝜉"#; 	𝛽#).     (2) 

Following Depro et al. (2015), we express the effect of moving from k to j on utility as 

𝑈!$# − 𝑈!"# = (𝛿$# − 𝛿"#) 	−	𝜇#𝑀𝐶$"# + (𝜂!	$# − 𝜂!	"#)   (3) 

where 𝑀𝐶$"# is the cost of the move and μ measures the effect of moving cost on utility. When 

an individual does not move, 𝑀𝐶$"#	= 0. As we describe below, μ is a parameter to be estimated 
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that identifies the marginal utility of income, which is crucial to converting estimates of mean 

utility into WTP. 

The probability of a move from k to j equals the share of residents that actually move 

from k to j, which we refer to as 𝑠$,". Assuming that 𝜂!"# is i.i.d. Type I extreme value, then the 

share who move can be written as a logit that is a function of the difference in mean utilities 

and moving cost, 

𝑠$," =
'("#$%"&$%'$()#,&)

∑ '(",$%"&$%'$(),,&)	-./
,0/

       (4) 

where l is a location alternative and N+1 is the number of location alternatives in Milwaukee 

County plus a catch-all location that accounts for moves to and from Milwaukee County.  

To estimate the mean utilities and the moving cost parameter, we set up a system of 

equations that predicts the share of households living in each location at the end of a decade 

based on observed populations at the start of the decade and equation (4). To see this, note that 

the population living in j in t+10 can be written as  

𝑝𝑜𝑝$#)*+ =	∑ 𝑠$," 	𝑝𝑜𝑝"#,)*
"-* .       (5) 

Dividing the equation above by the total population, 𝑇𝑂𝑇𝑃𝑂𝑃 = 	∑ 	𝑝𝑜𝑝"# =,)*
"-*

	∑ 𝑠$," 	𝑝𝑜𝑝"#)*+,)*
"-* , we have 

𝜎$#)*+ =B C '("#$%"&$%'$()#,&)

∑ '(",$%"&$%'$(),,&)-
,0/

D
,)*

"-*

𝜎"#     (6) 

which says the share living in j at the end of the decade, 𝜎$#)*+, is the sum of the shares moving 

to j from alternative locations k over the preceding decade, plus those who do not move away 

from j, multiplied by the population shares living in the locations at the start of the decade. We 

next use an equation for the percentage of those who did not move between t and t+10,  
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%𝑆𝑡𝑎𝑦 = 	 ∑ .&,&/0/&
$./1-

&0/
∑ /0/&

$./1-
,0/

       (7) 

Using N+1 equations (6), which includes one equation for each location alternative, and 

equation (7), we have a system of N+2 equations to estimate the N+1 mean utilities 𝛿$# and the 

moving cost parameter 𝜇#.  

We solve for 𝛿$# and 𝜇# as follows: First, we fill in the 𝑝𝑜𝑝$# using census tracts as 

locations and group-specific tract populations from decennial census data. For the catch-all 

location, we set the population to two times the absolute value of the difference between the 

group population in t and t+10 in Milwaukee County. Second, we calculate the percentage of 

residents who do not move (stay) from their homes over the last decade using responses to the 

2010 and 2019 American Community Survey. Third, we estimate move costs between all 

locations, expressed as an annualized cost; we describe calculating move costs below. Fourth, 

after normalizing one of the mean utilities to zero, we take an initial guess of the 𝛿$# and 𝜇#, 

and then calculate the sum of the squared residuals between the predicted population shares, 

𝜎1# ,I  and the actual population shares, 𝜎1#JJJ, as well as the model’s predicted stays, %𝑠𝑡𝑎𝑦K , and 

actual stays, %𝑠𝑡𝑎𝑦JJJJJJJJJ. Finally, we use the generalized reduced gradient feature in Excel Solver 

to estimate the set of mean utilities and move cost parameter that minimizes the sum of squared 

residuals. We solve this system of equations twice for each group, first using 2000-2010 data 

and second using 2010-2020 data. 

 

4.2  Partial aggregation of the location alternatives 

We combined several of the tracts into grouped alternatives to address changing boundaries and 

to reduce the computational burden of estimation. Census tract boundaries can change from 

census to census, so to define location alternatives with stable boundaries, we recorded tracts 
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that were split or combined between 2000, 2010 and 2020. For example, to account for the fact 

that tract 1 was split into 1.01 and 1.02 after 2000, we combined the demographics of 1.01 and 

1.02 into a single location in 2010 and 2020. This procedure produced 13 aggregated locations. 

Next, to reduce the computational burden of estimation, we aggregated tracts far from the AOC 

into 14 aggregated locations. We do not expect this procedure to create bias (e.g. as a result of 

the ecological fallacy) because the boundaries of these aggregated locations align closely with 

Milwaukee suburb boundaries, and the locations that are closest to the AOC cleanup site are 

expected to be most affected by the water quality. Research finds that partially aggregated 

models that leave the locations of interest disaggregated can reasonably approximate results of 

fully disaggregated models, as long as one includes the term ln(𝑀!) in the regression, where Mi 

is the number of locations (tracts) in each alternative (Lupi and Feather 1998). Including the 

catch-all location, this aggregation process produced a choice set of 158 locations.  

 

4.3 Regression analysis 

In the second stage we estimate WTP for cleanup by applying regression to the estimates of 𝛿$#. 

First, let 𝛿$#
2 and 𝜇#

2 represent the mean utilities and the move cost parameter (marginal utility 

of income) in decade t for group g. To convert the mean utilities into comparable dollars values, 

we divide 𝛿$#
2 by 𝜇#

2. Let 𝑐𝑙𝑒𝑎𝑛𝑢𝑝$# equal one for locations whose nearest point on the AOC 

experienced water quality improvements and zero otherwise. Now, consider the regression of 

𝛿$#
2/𝜇#

2 on 𝑐𝑙𝑒𝑎𝑛𝑢𝑝$#, 𝑋$#, 𝑃$#, ln(𝑀$) and 𝜉$#
2 : 

	3#$
2

4$
2 = 𝛽O5

2𝑐𝑙𝑒𝑎𝑛𝑢𝑝$# + 𝛽O6
2𝑋$# + 𝛽O7

2𝑃$# +
89(;#)
4$
2 +

=#$
2

4$
2    (8) 
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where a tilde indicates that 𝛽 is divided by the move cost parameter, i.e. 𝛽1
2 = 𝛼1

2 𝜇#
2Q  for l = 

𝑐𝑙𝑒𝑎𝑛𝑢𝑝$#, 𝑋$#, 𝑃$#. In the regression, 𝑋$# includes location attributes important to households 

including school quality, neighborhood demographics, and the presence of a freeway, the 

lakefront, and superfund sites, as well as a gravity index 1/𝑑$#, where 𝑑$# is the straight line 

distance from the centroid of a location to the nearest point on the AOC. This allows the effect 

of the AOC to scale with proximity to the water, which is consistent with prior research 

(McMillen 2006, Braden et al. 2008a). 

We estimate a modified version of equation (8). We fix 𝛽7
2 = −1, because utility must 

decrease by one dollar when the price of housing increases by one dollar, and then move 𝑃$# to 

the left side. Next, we interact 𝑐𝑙𝑒𝑎𝑛𝑢𝑝$# with the gravity index 1/𝑑$#. Finally, to account for 

the panel nature of our data set, we add a two new terms, 𝑝𝑜𝑠𝑡$# and 𝑐𝑙𝑒𝑎𝑛𝑢𝑝$# × 1/𝑑$# ×

𝑝𝑜𝑠𝑡$#, where 𝑝𝑜𝑠𝑡$# equals one if the mean utility occurs in the 2010-2020 decade. We 

therefore estimate the following equation: 

𝑃$# +
	3#$
2

4$
2 = 𝛽O5

2 51'>?@/#$
A#$

+ 𝛽O/0.#
2 𝑝𝑜𝑠𝑡$# + 𝛽O5×/0.#

2 51'>?@/#$
A#$

× 𝑝𝑜𝑠𝑡$# + 𝛽O6
2𝑋$# +

89(;#)
4$
2 +

=#$
2

4$
2

            (8) 

The term 𝛽O5
2 51'>?@/#$

A#$
 measures WTP to live near the part of the AOC affected by cleanup, 

depending on how near one lives to the improvement. We expect 𝛽O5
2 is negative, which would 

indicate that living closer to the water was undesirable prior to cleanup. The term 

𝛽O5×/0.#
2 51'>?@/#$

A#$
× 𝑝𝑜𝑠𝑡$# measures WTP to live in the affected area after cleanup. We expect 

𝛽O5×/0.#
2 , which is the main parameter of interest, to be positive, i.e. living in these locations 

became more desirable once water quality improved. 
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 We explore several definitions of the areas affected or “treated” by the water quality 

improvement. The first definition includes the segment of the Milwaukee River around Lincoln 

Park (about 1 mile) and the segment of the Kinnickinnic River (about 0.5 mile) where 

contaminated sediments were removed. The second and third definitions assume the cleanup 

effect extends along the part of the AOC that experienced water quality water quality 

improvement, rather than just where sediments were removed. The second definition covers the 

upper Milwaukee River downstream from the cleanup location (about 5 miles), between 

Lincoln Park and the Humboldt Avenue Bridge, as well as the remainder of the Kinnickinnic 

River (about 1.5 miles). The third treatment includes all the Milwaukee and Kinnickinnic Rivers 

downstream of the cleanups, to the end of the lower estuary at Lake Michigan.  

 

5. Data 

The primary data used in our analysis is the U.S. Census Bureau’s tract-level cross tabulations 

from the 2000, 2010, and 2020 decennial censuses, which we use to measure tract populations 

for the six groups in our study. We then turn to data from the American Community Survey 

(ACS) to construct the citywide stay percentages for each group, median home values and 

median rents, the percent of the population over twenty-five years old with a bachelor’s degree, 

and median household incomes. We annualize the cost of housing in a tract for home owners 

by applying a 5% discount rate to the median home value and for renters by multiplying the 

median rent by 12. We collected school quality data from the Wisconsin Department of Public 

Instruction measuring the percentage of elementary school students testing at proficient or 

advanced on the Wisconsin Knowledge and Concepts Examination (WKCE). We present 

summary statistics of these variables in Table 2. 
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We calculate moving costs as the sum of the physical, financial and search costs of 

moving for homeowners and renters in 2000-2010 and 2010-2020.  For physical moving costs, 

we use $2,033, which is the midpoint of the range provided by moving.com for homeowners in 

Milwaukee County moving a three-bedroom household. We use $1,323.50 for renters, which 

is the midpoint provided by moving.com for renters moving a two-bedroom household. Next, 

we add the time value of moving. We assume two adults pack and unpack for four hours each, 

and then travel from the origin location to the destination location at a speed of forty-five miles 

per hour. We assume a time value of $25.50 and $29.99, based on the median wage in 

Milwaukee in 2000 and 2010, respectively. The sum of all of these values is the total physical 

costs for homeowners and renters. For moves to and from the catch-all location, we assume a 

fixed physical moving cost of $5,000 for homeowners and $4,000 for renters (Bieri et al. 2013). 

 For financial costs we use ACS data on the median home value and rent in each tract. 

For the catch-all location, we assume a home value of $119,600 and rent of $602 for 2000, and 

a home value of $179,900 and rent of $855 for 2010, which are the median U.S. values from 

these years. We assume homeowners pay 3.5% of the median home values in the original home 

and new home, including a 6% realtor commission split between the buyer and seller and 

closing costs valued at 1% of house value. For renters, we assume financial costs are half of the 

median rent in a location, which represents a non-refundable deposit. Finally, we assume the 

cost of searching for a new residence is $20 per mile for homeowners and renters, based on the 

distance between their old and new location. 

We sum the physical, financial and search costs for owners and renters, and then 

annualized these sums using a 5% discount rate and a time horizon of eight years for 

homeowners and two years for renters (Melstrom et al. 2021), which represent the time 
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homeowners and renters typically reside in a home before locating. We go through these 

calculations twice, first for the 2000-2010 moves and second for the 2010-2020 moves. We 

adjust moving costs to 2020$ for inflation using consumer price index. 

 

6. Results 

6.1 First stage estimates 

Using the sorting model in the first stage, we calculate the mean utilities and the moving cost 

parameter (marginal utility of income) for the six demographic groups in the first decade (2000 

to 2010) and second decade (2010 to 2020) of the study period. The moving cost parameter are 

presented in Table 3. These results show that moving cost affect utility more for renters than 

for owners in all the groups except black renters in 2000-2010. The results also indicate that 

moving cost affects utility more for Black residents than for White and other races in both 

decades. This could be due to lower average income among renters and Black households 

relative to the other demographic groups. 

 

6.2 Second stage estimates 

Results from the regression are shown in Table 4. The first column indicates the location 

attribute and whether the coefficient is specific to a tenure or race group. We present tenure and 

race-specific coefficients for the attributes that were significant based on trial regressions. The 

second column shows the coefficient estimates when we use the most restrictive definition of 

the water quality improvement area, i.e. where contaminated sediments were removed. The 

third column shows the results when we expand the definition to include locations closest to 

the AOC several miles downstream of sediment removal. The fourth column shows the results 
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when the affected area includes all locations whose closest point to the AOC is between the 

cleanup area and the end of estuary at Lake Michigan, which includes 7 miles of the Milwaukee 

River and 1.5 miles of the Kinnickinnic River.    

The coefficients in Table 4 can be interpreted as measures of annual WTP for a unit 

change in a location attribute. The coefficient on 1/d is the additional WTP associated with a 

one unit change in the gravity index (e.g. living one-half mile rather than one mile from the 

AOC). The coefficient on cleanup×1/d measures how WTP to living near the AOC shifts as 

one moves into locations affected by cleanup, conditional on the gravity index. The coefficient 

on cleanup×1/d×post measures the change WTP to live in locations affected by cleanup area 

after water quality improved, holding the gravity index constant; this is the main coefficient of 

interest. We expect the coefficient on cleanup×1/d×post to be positive, indicating that the 

cleanup of the AOC increased demand for homes near the water quality improvement. 

First, consider the results based on the first cleanup definition in column two. For the 

sake of brevity we will focus on the coefficients associated with the cleanup area. The 

coefficient on cleanup×1/d is significantly positive for renters and significantly negative for 

owners, indicating that living near the area of sediment removal is desirable for renters and 

undesirable for owners, holding the distance to the AOC constant. The coefficient on 

cleanup×1/d×post is significantly negative for renters and positive for owners, though the latter 

is significant only at the 10% level. Thus, after cleanup, living near the area of sediment removal 

became undesirable for renters and desirable for owners. This provides evidence that cleanup 

of the AOC increases the value of living near the AOC for owners, while harming rentres. 

Next, consider the results of the second cleanup definition in column three, which 

includes homes in near the AOC several miles down from the cleanup sites. Again, the 
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coefficient on cleanup×1/d is positive for renters and negative for owners at the 1% level. The 

coefficient on cleanup×1/d×post is negative for renters and positive for owners, both 

significant at the 1% level. So, the results based on the second cleanup definition also provide 

evidence that cleanup of the AOC increases the value of living near the AOC for owners, but 

not for renters. 

Finally, consider the estimates using the third cleanup definition, presented in column 

four. The coefficient on cleanup×1/d is again significantly positive and negative for renters and 

owners respectively. The coefficient on cleanup×1/d×post is also again negative for renters 

and positive for owners at a high significance level. For homes located in the third cleanup area 

after cleanup, renters find it undesirable to live near the AOC and owners find it desirable. Once 

again, the estimates provide significant evidence cleanup of the AOC increases the value of 

living near the AOC for owners but not for renters. Put another way, the coefficient of interest 

in all three models indicates that households that own their home are more likely to move into 

locations affected by water quality improvements, while renters are more likely to move away, 

after cleanup.  

Based on the first specification, renter WTP is $126 less to live in affected locations 

after cleanup relative to unaffected locations, holding distance from the AOC constant. 

However, owner WTP increase $46 to live in affected locations. Thus, for owners, cleanup 

increases the desirablity of living near the cleanup area. We see roughly similar magnitudes of 

disparity between these two groups using the other cleanup area definitions: renter WTP 

decreases $91 and $58 to live in affected locations after cleanups, based on the second and third 

cleanup area definitions, respectively, while owner WTP increases $101 and $86 to live in the 

same area after cleanup. To be clear, reductions in WTP do not mean that renters dislike water 
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quality improvements, rather, renters have to confront changes in the structure of and access to 

the market due to cleanup (e.g. conversion of rental units to owner-occupied housing) that they 

find undesirable. 

 We can use these results to compare the benefits and costs the Lincoln Park and 

Kinnickinnic sediment removal projects. Overall, the cost of these cleanups total $66.9 million. 

The 2008 Blatz Pavilion cleanup in 2008 cost $1.3 million. Phase 1 of the Lincoln Park cleanup 

cost $24.6 million and Phase 2 cost $18 million. The Kinnickinnic Legacy Project cost $23 

million. To calculate the benefit to owners living near the AOC, first we multiply the coefficient 

of cleanup×1/d×post by the average gravity index and the number owners living in the affected 

locations. The annual benefit of cleanup is $3.2 million, $14.5 million, and $13.7 million based 

on the first, second and third cleanup area definitions, respectively. Using a 5% discount rate, 

the aggregate benefit to owners is $64.6 million, $289.8 million, and $274.7 million across the 

three definitions. The benefits are greater than the costs of cleanup based on definitions two and 

three, but this ignores the losses that accrue to renters.  

 

7. Conclusion 

Using a residential sorting model to simulate the moving behavior of households in different 

demographic groups, before and after major cleanup projects in the Milwaukee Estuary AOC, 

we find that owners benefit from the cleanup of the Milwaukee Estuary AOC, however the 

benefits to renters are negative. The results indicate that there are disparities in renters’ and 

homeowners’ WTP for improved water quality after restoring part of the Milwaukee AOC. 

Residents of Milwaukee may value improving water quality for various reasons, including 

reduced health risks and increased recreation opportunities in the Milwaukee and Kinnickinnic 
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Rivers. These benefits increase the desirability of living near the AOC, which would increase 

housing demand for homes located closer to the restored AOC. Our results suggest that 

households that own their own home experience more of the benefits of restoration than renters, 

because owners are able and willing to pay more to live near water quality improvements. 

Renter WTP for locations near the AOC decreases after cleanup, likely because access declined 

due to structural changes in the housing market and location attributes. The quantity and quality 

of available rentals may have declined as a result of housing stock conversions (as a result of 

increased demand for owned homes), reducing the desirability of locations affected by cleanup. 

This could be due to income disparities that make it difficult for the average renter to compete 

with the average owner for housing. In 1999 median household income was $52,042 for owners 

and $26,310 renters in Milwaukee County. In 2010 median household incomes were $61,427 

for owners and $24,679 for renters. Because improvements in water quality can change the 

structure of a neighborhood, AOC restoration may be considered an undesirable attribute to 

renters and therefore lower income residents.  
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Table 1. Prior research on the economic effects of AOC cleanup 

Paper Method* Affected area setting Mean home 
value 

Willingness 
to Pay 

McMillen 
(2006) 

Hedonic - RP Homes adjacent to Grand 
Calumet River AOC 

$32,368 $8,739  

McMillen 
(2006) 

Hedonic - RP Homes within 3 blocks of 
Grand Calumet River AOC 

$36,755 $6,542 

Braden et 
al. (2008) 

Hedonic - RP Homes immediately adjacent 
to the Sheboygan River AOC 

$129,961 $15,925-
$26,449 

Braden et 
al. (2008) 

Hedonic - SP  Homes immediately adjacent 
to the Sheboygan River AOC 

$129,961 $12,481 

Braden et 
al. (2008) 

Hedonic - RP Homes within 1.5 miles of the 
Buffalo River AOC 

$100,006 $13,033 

Braden et 
al. (2008) 

Hedonic - RP Homes within 5 miles of the 
Buffalo River AOC 

$100,006 $5,142 

Braden et 
al. (2008) 

Hedonic - SP  Homes closest to the Buffalo 
River AOC 

$92,462 $14,349 

Patunru et 
al. (2007) 

Hedonic - SP Homes of Waukegan residents 
- Waukegan Harbor AOC 

$226,074 $37,077 

Phaneuf et 
al. (2013) 

Combined RP-SP  Homes within 1 mile of the 
Buffalo River AOC 

$100,010 $8,564-
$12,704 

Isely et al. 
(2018) 

Hedonic - RP Reduced hardened shoreline of 
Muskegon Lake AOC 

$118,359 $4,808-
$6,263 

Isely et al. 
(2019) 

Hedonic - RP Reduced hardened shoreline of 
Muskegon Lake AOC 

$120,559 $2,296 

Stoll et 
al., (2002) 

Contingent 
valuation - SP 

Clean up for residents in 
municipalities next to Green 
Bay AOC 

 $4,440 

Stoll et al. 
(2002) 

Contingent 
valuation - SP 

Clean up for residents adjacent 
to Green Bay AOC 

 $3,050 

Braden et 
al. (2010) 

Meta-analysis of 
hedonic studies, 
benefit transfer 

Cleanup within 2 miles of the 
Buffalo River AOC 

$67,684 $11,927 

Braden et 
a.l (2010) 

Meta-analysis of 
hedonic studies, 
benefit transfer 

Cleanup within 2 miles of the 
Waukegan Harbor AOC 

$110,243 $8,582 

*RP and SP indicate the authors used revealed preference and stated preference data, 
respectively.  
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Table 2. Summary Statistics Milwaukee County, WI 

Attribute 2000 2010 2020 

Population 
Homeowners 
Renters 

953,293 
198,297 
180,751 

947,735 
192,043 
182,304 

939,489 
193,068 
20,7467 

Black residents 
Homeowners 
Renters 

217,555 
25,091 
50,066 

250,918 
28,538 
61,817 

240,915 
22,869 
70,588 

White residents 
Homeowners 
Renters 

616,844 
164,831 
114,570 

559,669 
151,499 
100,643 

468,015 
140,772 
91,826 

Other race residents 
Homeowners 
Renters 

100,452 
8,375 

16,115 

117,609 
12,006 
19,844 

200,348 
17,505 
26,876 

Percent Black residents 27.27% 30.39% 30.51% 
Percent White residents 61.75% 61.34% 61.43% 
Percent other race 
residents 10.98% 10.77% 11.27% 

Median home value $103,200 $163,900 $164,200 
Median rent $555 $748 $889 
Percent schools 
proficient & advanced 58.05% 41.9% - 

Percent over 25 years 
with high school degree 80.2% 85.5% 88.7% 

Percent over 25 years 
with bachelor’s degree 23.6% 27.3% 31.3% 

Median household 
income $38,100 $40,509 $52,260 
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Table 3. Moving costs parameter (marginal utility of income) estimates from the first stage of 
the model. 
Group 2000-2010 2010-2020 

Black renters 0.00347 0.00329 

Black owners 0.00353 0.00222 

White renters 0.00322 0.00305 

White owners 0.00228 0.00186 

Other races renters 0.00342 0.00325 

Other races owners 0.00302 0.00177 
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Table 4. Regression estimates from the second stage of the model. 

Attributes 
Cleanup area 
definition 1 

Cleanup area 
definition 2 

Cleanup area 
definition 3 

Cleanup×1/d    

Renter 287.173*** 
(31.800) 

131.495*** 
(21.155) 

76.628*** 
(16.626) 

Owner -250.507*** 
(37.042) 

-165.961*** 
(26.6612) 

-97.350***  
(17.482) 

Post 2947.579*** 
(84.391) 

2925.268*** 
(87.695) 

2895.701*** 
(89.586) 

Cleanup×1/d×Post    

Renter -126.474*** 
(24.221) 

-91.046*** 
(17.777) 

-58.406*** 
(13.054) 

Owner 
 

46.421* 
(27.607) 

101.23*** 
(24.392) 

86.571***   
(18.645) 

1/d    

Renter -255.470*** 
(32.947) 

-265.664*** 
(42.107) 

-266.729***  
(48.771) 

Owner 175.551*** 
(38.595) 

216.40*** 
(44.203) 

197.761*** 
(44.536) 

Freeway 
65.205 

(105.375) 
46.374 

(105.151) 
57.849 

(107.161) 

Shoreline -382.709 
(310.945) 

-376.155 
(309.923) 

-373.6415   
(309.8337) 

% schools proficient & 
advanced 

   

Renter -13.780*** 
(2.64) 

-14.786*** 
(2.648) 

-15.318***  
(2.645) 

Owner 
11.364*** 
(3.404) 

12.351*** 
(3.466) 

12.684***   
(3.473) 

Superfund 540.747*** 
(126.546) 

653.217*** 
(35.143) 

657.742*** 
(133.544) 

Owner -1590.581*** 
(167.105) 

-1836.511*** 
(181.992) 

-1844.676 ***  
(179.610) 

% over 25 years with 
bachelor’s degree 

51.595*** 
(3.956) 

50.631*** 
(3.763) 

50.721***  
(3.686) 

Median household income 0.0250*** 
(0.004) 

0.0254*** 
(0.004) 

0.0253*** 
(0.004) 
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Standard errors in parentheses below coefficients. *, ** and *** indicate significance at the 
10%, 5% and 1% levels, respectively. 
 

 

 

 

 

 

 

 

 

 

 
 

% Black    

Black -4.903** 
(2.401) 

-4.866** 
(2.403) 

-4.954**    
(2.404) 

White -9.567*** 
(2.346) 

-9.656*** 
(2.350) 

-9.860*** 
( 2.346) 

Other race 
-8.02*** 
(2.296) 

-8.039*** 
(2.300) 

-8.187*** 
(2.299) 

% other race    

Black -15.111*** 
(4.768) 

-15.534*** 
(4.802) 

-15.342***   
(4.826) 

White -18.203*** 
(4.720) 

-18.652*** 
(4.744) 

-18.812***   
(4.759) 

Other race -14.593*** 
(4.636) 

-14.894 
(4.662) 

-14.946***    
(4.676) 

ln(M) 1 
(constrained) 

1 
(constrained) 

1 
(constrained) 

Group fixed effects Yes Yes Yes 

Observations 1,789 1,789 1,789 
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Figures 
 
Figure 1. Milwaukee Estuary Area of Concern Boundaries. 
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Figure 2. Map of the Lincoln Park and Milwaukee River Channels Sediment Projects. 
 

 
 
 
 
 
 
 
 
 
 
 
 

 

 


