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Appendix A: Additional Secchi Baseline Results 

Class II Models 

In models presented in the paper (which we will now refer to as Class I), we consider only 

administrative boundaries. However, other characteristics may also be important to consider when 

determining spatial boundaries. For example, surrounding ecological conditions might include a 

unifying set of amenities that draw people to consider buying properties near lakes. Therefore, we 

consider an additional class of market boundaries (Class II) to better account for local 

environmental conditions: ecoregions and urban location. At each Class I spatial scale, we also 

collect sales that fall within 2010 Census Urbanized Areas into a single group for estimation, as 

urban locations are densely populated by humans and feature distinct land use patterns that may 

obscure the unique characteristics of the ecoregions. Then we divide sales throughout the 

remaining landscape by ecoregions within each Class I spatial designation into distinct groups for 

estimation. These overlays are shown at each spatial scale in the second column in Figure 1. As 

urbanized areas and counties are nested within ecoregion boundaries, the Substate spatial scale 

boundaries defined for Class I models also meet the criteria for Class II models.  

For the Class II market boundaries, we estimate the following hedonic model: 

𝑙𝑛 (𝑃𝑖𝑡) =  𝛽0  +  𝛽1 𝑙𝑛 (𝑊𝑄𝑖𝑡) + 𝛽2 𝑙𝑛 (𝑊𝑄𝑖𝑡) ∗ 𝐿𝐹𝑖  +  𝛽3 𝑙𝑛 (𝑊𝑄𝑖𝑡) ∗ 𝑙𝑛 (𝐷𝑖𝑠𝑡𝑖)  

     + 𝛽4 𝑙𝑛 (𝑊𝑄𝑖𝑡) ∗  [ln(𝐴𝑟𝑒𝑎𝑖) − ln (𝐴𝑟𝑒𝑎)̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ] + 𝛽6𝐿𝐹𝑖 +  𝛽7𝐷𝑖𝑠𝑡𝑖 +  𝛽8𝐴𝑟𝑒𝑎𝑖 +  𝛽𝑃𝑟𝑜𝑝𝑃𝑟𝑜𝑝𝑖   

                             + 𝛾𝑞 + 𝜏𝑖𝑡 + 𝜖𝑖𝑡                                              [𝐴1] 
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The key difference between equation [A1] and equation [1] in the manuscript is the 

exclusion of State interaction terms at the Nation, Region, and Division spatial scales. By omitting 

these terms, we capture how increasing spatial scale impacts estimated effects of water quality 

without controlling for State level spatial heterogeneity. The elasticities for the Class II market 

boundaries are thereby calculated by: 

𝑒𝑙𝑎𝑠𝑡𝑖
̂ = 𝛽̂1 + 𝛽̂2 ∗ 𝐿𝐹𝑖 + 𝛽̂3 𝑙𝑛 (𝐷𝑖𝑠𝑡𝑖) + 𝛽̂4[ln(𝐴𝑟𝑒𝑎𝑖) − ln(𝐴𝑟𝑒𝑎)̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ] [𝐴2] 

In Figure A2, we present the baseline results for Class II models analogous to Figure 3 in 

the manuscript. In panel a, we hold the spatial scale of the model constant at the Division level, 

we compare the distributions of elasticities for the Northeast, Midwest, South, and West. We find 

much more within region spatial heterogeneity than the Class I models, with distributions for the 

Northeast, Midwest, and West all characterized by multiple nodes. The Northeast elasticities are 

still largest overall. Moving to panel b, we compare differences in distribution across the five 

spatial scales. Here we see more overlap in distributions in the Northeast and the West (except at 

the Substate level) compared to the Class I models, while in the Midwest, there is slightly less 

overlap. In the South, we still find larger elasticity estimates for Nation II and Region II compared 

to the smaller spatial scales.  

 In Figure A3, we assess the sensitivity of the Class II regional medians to spatial scale 

analogous to Figure 4 in the manuscript. Overall, the results are similar to the Class I models. We 

find the results in the Midwest are least sensitive to spatial scale or different sample select and 

model choices. In the Northeast and the West, we find slightly less sensitivity to spatial scale in 

line with our findings from Figure A2. The results in the South and the West are again the most 
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sensitive to sample selection and model choice. Notably, Nation II results in all regions are 

considerably more stable relative to other spatial scales and the Nation I results. We surmise this 

tightness might be related to pooling of hedonic estimates. As many ecoregions span multiple 

regions, information from sample rich areas could be driving the results in others. Direct 

comparison between Figure 4 and Figure A3 also reveals potential systematic differences in the 

magnitude of the medians between model classes in the Northeast and the West. Medians in the 

Northeast are larger for Region I, Division I, and State I, when compared to their Class II 

counterparts, whereas medians in the West are smaller for Region I and Division I than Region II 

and Division II.  



Land Economics 100 (1), February 2024 
“Spatial Heterogeneity in Hedonic Price Effects for Lake Water Quality” 
by Kristen Swedberg, Diego S. Cardoso, Adriana Castillo-Castillo, Saleh Mamun, Kevin J. Boyle, Christoph Nolte, 
Michael Papenfus, and Stephen Polasky 

 
 

4 
 

 

 Class I Class II 

Nation 
 

  

Region 
 

  

Division 

  

State 

  

Substate 
 

 

Political Boundary    Urbanized Areas    Ecoregions 

 Figure A1 Market Boundary Definition by Spatial Scale and Boundary and Boundary Class 

Notes: Nation I represents a single housing market for all sales across the United States. For Nation II, Region, 

Division, and State level spatial scales, property sales are first divided by political boundaries. Next sales with 

urbanized areas are grouped together to form an urban market. Then remaining sales are divided by level II 

ecoregion boundaries to form rural markets. At the Substate level, urbanized areas and county boundaries that do 

not fall within an urbanized area form individual market boundaries. 
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Figure A2 Distribution of Baseline Elasticity Estimates for Secchi Class II Models  

Notes: Kernel density plots of elasticities of property value with respect to water quality 

by Region and market boundary definition. Median elasticity estimates at census tract 

level for properties within 150m from lakefront along x axis. Kernel density along y axis 

rescaled to 1 for each plot. Due to the relative magnitude of outliers, 1st and 99th 

percentiles are dropped from figure. Panel (a) presents the Division II results in a single 

plot broken out by Region. Panel (b) presents the results for each Region in separate plots 

broken out by spatial scale for Class II models.  



Land Economics 100 (1), February 2024 
“Spatial Heterogeneity in Hedonic Price Effects for Lake Water Quality” 
by Kristen Swedberg, Diego S. Cardoso, Adriana Castillo-Castillo, Saleh Mamun, Kevin J. Boyle, Christoph Nolte, 
Michael Papenfus, and Stephen Polasky 

 
 

6 
 

 

 

 

  

Figure A3 Regional Median Elasticity Estimates for All Secchi Class II Models 

Notes: Census tract median estimates for properties within 150m from lakefront for Class II models are divided 

by region for unique combinations of spatial scale, sample selection, and model choice before computing 

regional median. Medians are sorted by region, spatial scale, sample selection criteria, and methods. For each 

region and market boundary, estimates vary along different sample selection criteria and methods. Due to the 

relative magnitude of outliers, 1st and 99th percentiles are dropped from figure. 
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Spatial Distribution of Results 

 Figure A4 depicts the spatial distribution of baseline Secchi elasticity estimates for 

properties within 150 m from the lakefront aggregated at the county level. For each market 

boundary condition, we find evidence of spatial heterogeneity given by the range of elasticity 

estimates. Counties in the Northeast predominantly have more positive elasticity estimates as 

shown in the deeper shades of green. Counties on the West Coast have a wide range of both positive 

and negative elasticities shown in shades of green and red respectively.  We further note differences 

in estimates across spatial scales and model classes. For example, in Michigan counties that are 

positive in Nation I and Nation II are negative for State I and State II. In New York, we see the 

Class II model elasticities are larger in magnitude than the Class II elasticities. Lastly, we can 

observe how the spatial distribution of the sample changes as we define market boundaries more 

narrowly. At the substate level, many states are excluded from the model results when compared 

to the national scale.  

 We note that the spatial distribution of implicit prices may not be the same as elasticities, 

due to large differences in average housing prices. Using the Nation I results, for a 1% 

improvement in water clarity, we find the median implicit price for properties within 150 m in our 

sample in the West is largest at $63,139 compared to $23,789 in the South. However, this result is 

more reflective of sale prices, as the median elasticity in the West at 0.082 is smaller than that in 

the South at 0.096.  

 Table A4 depicts how the baseline elasticity estimates for each market boundary compare 

across the three buffer groups: <150 m, 150-300 m, and >300 m. We find the median for properties 
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within 150 m ranges from 0.06 to 0.10 compared to a range of 0.01 to 0.03 in the 150-300 m group. 

Beyond 300 m from the lakefront the medians are mostly negative or very close to zero. Negative 

values may reflect a large distance decay rate.
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Figure A4 Spatial Distribution of Baseline Elasticity Estimates for Secchi 

Notes:  Census tract median estimates for properties within 150m from lakefront are aggregated by county and 

the median for each county is presented on the map.   
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Table A1 

 Nation I Nation II Region I Region II Division I Division II State I State II Substate 

<=150 m 

min -1.28 -0.54 -1.37 -0.54 -2.47 -1.28 -44.78 -34.07 -1.47 

25% 0.05 0.05 0.06 0.04 0.03 0.02 -0.01 -0.02 -0.01 

50% 0.09 0.06 0.09 0.06 0.10 0.06 0.08 0.09 0.08 

75% 0.11 0.11 0.13 0.11 0.16 0.14 0.13 0.14 0.13 

max 2.59 16.28 2.39 16.28 2.56 16.28 3.02 1.52 2.72 

N 2,412 2,409 2,416 2,372 2,406 2,323 2,249 1,991 1,061 

150-300 m 

min -1.42 -0.58 -1.41 -0.58 -9.24 -1.30 -45.13 -34.32 -1.52 

25% -0.01 0.02 -0.02 0.01 -0.03 -0.01 -0.04 -0.04 -0.02 

50% 0.03 0.02 0.03 0.03 0.03 0.03 0.01 0.03 0.03 

75% 0.05 0.03 0.05 0.04 0.05 0.05 0.04 0.05 0.07 

max 2.52 1.27 2.23 1.27 7.32 2.89 2.59 1.06 2.66 

N 2,649 2,658 2,644 2,627 2,639 2,572 2,467 2,206 1,225 

>300 m 

min -1.49 -0.60 -1.43 -0.61 -9.24 -1.37 -68.54 -34.44 -0.80 

25% -0.05 -0.03 -0.08 -0.03 -0.09 -0.03 -0.10 -0.07 -0.04 

50% -0.01 0.00 -0.01 -0.01 -0.02 -0.01 -0.02 -0.01 -0.01 

75% 0.01 0.01 0.02 0.02 0.01 0.03 0.02 0.04 0.03 

max 2.51 1.27 2.20 2.44 10.57 3.49 2.93 0.97 2.74 

N 4,297 4,284 4,292 4,192 4,277 4,102 3,909 3,425 1,902 

N represents number of census tracts. Estimates from baseline models. 

 


