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Appendix B: Additional Robustness Analysis and Sensitivity Tests

Robustness of Nation I Model to Varying Model Specifications

In Table B1, we investigate the effect of using broader scale fixed effects on the baseline Nation I
results. The effect of Secchi in the excluded category is similar with broader fixed effects as the
baseline with a few key differences. The coefficient for Secchi is smaller with county spatial units
but still significant. The interaction term between Secchi and < 150 m, while similar in size, is not
significant without spatial fixed effects. We a find a positive effect for the interaction of the Secchi
and Urban variable that was not previously identifiable using census tract level spatial units.
However, we also find the coefficient estimates for many of the interaction terms change in
magnitude, direction, and significance relative to the baseline. Namely, an increasing amount of
interaction terms are significant at the county level, and even more significant when we remove
spatial fixed effects all together. We are concerned that these differences result from omitted
variable bias at the neighborhood level, as we have relatively few neighborhood spatial control

variables.

In Table B2, we implement additional controls on the hedonic price gradient. This approach entails
interacting all of the control variables by state dummies. However, given issues with violation of
the rank condition, we could only add interaction terms for states with more than four times the
number of observations as control variables. This threshold was determined by iteratively
increasing the multiplier until the rank condition was met. The biggest difference is that the Secchi
interaction terms with <150 m and Lake Area Demeaned are much smaller and no longer
significant. It is unclear whether these differences result from potential omitted variable bias in the
baseline estimations or identification issues, due to the effects of these variables being absorbed

1



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

by the new state interaction terms or the reduced sample that may inadvertently omit important
variation in water quality across lakes. Considering the estimated coefficients for the state and
ecoregion interaction terms with water quality, we find relative agreement between the two models.
Some of the coefficients are smaller in magnitude with the additional controls and are no longer
significant. We further see that the outlier interaction terms noted in the baseline (e.g., Secchi *

KY; Secchi * ME; and Secchi * MT) are still outliers with the addition of the control variables.

In Table B3, using the Nation I model, we evaluate the effect of varying property attributes for a
single sample that contains all property attributes considered: lot size, building age, building size,
bedrooms, and bathrooms. The new sample contains 35% less observation and spans fewer states
and ecoregions. For example, Maryland, Arizona, and Indiana are excluded. Notably, in the new
sample with the same baseline specification, Secchi * <150 m is smaller and no longer significant.
There are further differences in the magnitude, direction, and significance of ecoregion and state
interaction terms with Secchi, indicating the availability of property attributes influences the
overall results, likely due to changing the spatial distribution of the sample. We then compare the
robustness of the baseline model results of the new sample to which attributes are included in the
model. We find large differences in effects for Secchi when no property attributes are included in
the model, with the effect of Secchi 0.08 smaller without property attributes than with all attributes
included. Thus, even with the inclusion of fine scale fixed effects property attributes play a role in
identification of water quality. This provides context for studies that may forego property attributes
entirely. Future analysis can provide insight into which property attributes are most important for

identification of the water quality on housing prices.
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In Table B4, we consider broader aggregations for state and ecoregion interactions to simplify the
Nation I model results. We aggregate state interactions by division and region using level 2 and
level 1 ecoregions. We also consider a restricted model with no ecoregion, state, division, or region
interaction terms. We find little differences in estimates for our excluded category across models.
One exception is the interaction between Secchi and Lake Area Demeaned variables, which is
smaller in the restricted model and in the model with the broadest aggregations. We also find the
aggregate categories tend to smooth over heterogeneity in the effect of Secchi, especially related
to state boundaries. We conduct likelihood ratio tests on all models relative to the restricted models
and find that the spatial heterogeneity interaction terms are jointly significant for all specifications.
We further find, while our baseline has the largest loglikelihood, the specification comprised of
level 1 ecoregions and states has a slightly smaller AIC to our baseline (55,293 compared to

55,297), indicating a potential better fit for the data.
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Table B1 Nation I Results for Broader Spatial Fixed Effects Compared to Baseline

Parameter tract x year'  county x year>  county + year® year
const 7.123%%* 5.388%** 5.313%** 2.625%**
Secchi 43 0.231%** 0.162%* 0.155** 0.277%**
Secchi * <150 m 0.025%* 0.03* 0.029* 0.0280
Secchi * Lake Distance -0.034%** -0.023%* -0.022%%* -0.029*
Secchi * Urban -0.0150 0.027* 0.032* 0.079**
Secchi * Lake Area Demeaned®  0.009* 0.014** 0.013** 0.047%**
Secchi * Ecoregion 5.2 0.075% -0.0220 -0.0640 -0.171%**
Secchi * Ecoregion 5.3 0.0430 0.0180 0.0430 0.0110
Secchi * Ecoregion 6.2 0.5940 0.581%* 0.242%* 1.162%**
Secchi * Ecoregion 7.1 0.9910 0.912%* 0.523%** 1.368***
Secchi * Ecoregion 8.2 0.0570 -0.0740 -0.0770 0.0060
Secchi * Ecoregion 8.3 0.0550 0.0440 0.0350 0.1550
Secchi * Ecoregion 8.4 -0.0170 0.0490 0.0150 0.421%**
Secchi * Ecoregion 8.5 0.0260 0.0280 0.076* 0.1340
Secchi * Ecoregion 9.2 0.150 0.0270 0.0350 0.110
Secchi * Ecoregion 9.3 0.2230 0.1660 0.0890 0.4430
Secchi * Ecoregion 9.4 0.2030 0.330 0.1190 0.332%*
Secchi * Ecoregion 10.1 0.3350 0.243* 1.105%**
Secchi * Ecoregion 10.2 0.3060 -0.2450 -0.4090 1.169%**
Secchi * Ecoregion 11.1 0.6620 0.2390 -0.1320 0.941%**
Secchi * Ecoregion 12.1 0.668%*
Secchi * Ecoregion 13.1 0.3660 -0.0610 -0.0530 1.094%**
Secchi * Ecoregion 15.4 0.0320 -0.146%** 0.0040 0.422%*
Secchi * AL 0.0030 0.684%** 0.45% -0.769%**
Secchi * AR 0.1210 -0.250 -0.0560 -0.759%**
Secchi * AZ -0.3960 0.0530 0.0360 -0.97%**
Secchi * CA -0.7280 -0.3310 0.2260 -0.776**
Secchi * CO -0.4980 -0.4920 -0.1570 -0.761%***
Secchi * CT -0.266* -0.291** -0.20 -0.1430
Secchi * DE -0.0860 -0.549%** -0.591 *** 0.1690
Secchi * FL -0.0190 -0.084* -0.136%** -0.314%%*
Secchi * GA 0.0330 0.0730 -0.1370 -0.446*
Secchi * TA -0.221* 0.0260 -0.030 0.0270
Secchi * IL -0.1070 -0.0020 -0.0060 -0.326*
Secchi * IN 0.20 0.312* 0.249* 0.0460
Secchi * KS -0.3140 0.1390
Secchi * KY -1.956%** -0.886%** -0.758** -0.821%*
Secchi * LA 0.0840 0.080 0.473%** 0.4260
Secchi * MA -0.0270 -0.0130 -0.053* 0.0380
Secchi * MD -0.259%** -0.0960 -0.0630 -0.00
Secchi * ME 2.428%** 0.595%** 1.308%** -0.398%*
Secchi * MI -0.0680 0.1480 0.1090 -0.301%**
Secchi * MO 0.6730 -0.394*** -0.681** -1.399%**
Secchi * MT -2.021%** -1.012%* -0.514%** -1.309%**
Secchi * NC -0.1830 -0.1660 -0.0640 -0.20
Secchi * ND -0.2230 -0.1890 -0.2590 -1.016*
Secchi * NE -0.1790 -0.087* -0.082* -0.0670
Secchi * NH -0.0650 -0.0060 -0.0250 -0.136**
Secchi * NJ -0.0030 -0.0460 -0.09* -0.236%**
Secchi * NM -0.953**
Secchi * NY -0.0740 0.0410 0.0350 -0.307***
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Table B1 (2/2)

Parameter tract x year! county X year’ county + year’ year
Secchi * OH -0.1980 -0.39%** -0.254%** -0.1030
Secchi * OK -0.1240 -0.2990 -0.0170 -0.1130
Secchi * OR -0.8670 -0.707* -0.316* -1.145%%*
Secchi * PA 0.154%** 0.4580 0.1010 -0.548%**
Secchi * RI 0.102* -0.0480 -0.072* -0.158%**
Secchi * SC -0.0530 -0.0910 0.0110 -0.582%**
Secchi * SD -0.1270 -0.0450 0.0290 -0.461**
Secchi * TN -0.1130 -0.157* -0.1360 -0.664***
Secchi * TX -0.3930 -0.2590 -0.2230 -0.3070
Secchi * UT -0.8%* -0.529%** -1.313%%*
Secchi * VA -0.1340 -0.0420 -0.040 -0.1020
Secchi * VT -0.0780 -0.1620 -0.244** 0.0270
Secchi * WA -0.9890 -1.036* -0.642%** -1.159%**
Secchi * WI -0.0330 0.1440 0.152* -0.00
Secchi * WV -0.703%%**
<150 m 0.124%** 0.13%** 0.13%** 0.132%**
Lake Distance -0.095%** -0.068*** -0.067*** -0.042**
Lake Area 0.013* -0.010 -0.010 -0.055%**
Median Income 0.131%** 0.305%** 0.312%** 0.516%**
Slope 0.019%** 0.021%** 0.022%** 0.035**
Elevation -0.0230 -0.15%** -0.154*** 0.0170
Lot Size 0.101*** 0.064*** 0.064*** 0.0110
Building Age -0.125%** -0.091*** -0.091%*** -0.061***
Building Size 0.547*** 0.63%*%* 0.634%** 0.633***
Quarter 2 0.044*** 0.046%*** 0.049%** 0.054%**
Quarter 3 0.05%%* 0.05%%* 0.053%** 0.061***
Quarter 4 0.015%** 0.014%*** 0.015%** 0.017%**

Notes: N = 485,860 Standard Errors Clustered at Tract Level. ¥*p<.05 **p<.01 ***p<.001

"Baseline model includes tract x year fixed effects. During estimation, interaction terms for KS, NM,
WYV, Ecoregion 10.1, Ecoregion 12.1 were fully absorbed by fixed effects and dropped from model.
Observations for Ecoregion 12.1 all fall within AZ. Variation in estimates for KS, NM, and WV can be
explained by the corresponding ecoregion interactions.

During estimation, interaction terms for KS, NM, WV, and Ecoregion 12.1 were fully absorbed by
fixed effects and dropped from model. Observations for Ecoregion 12.1 all fall within AZ. Variation in
estimates for KS, NM, and WV can be explained by the corresponding ecoregion interactions.

3During estimation, interaction terms for NM, WV, and Ecoregion 12.1 were fully absorbed by fixed
effects and dropped from model. Observations for Ecoregion 12.1 all fall within AZ. Variation in
estimates for NM and WV can be explained by the corresponding ecoregion interactions.

“Interaction terms for MN and Ecoregion 8.1 were pre-selected as the excluded categories, because the
area intersection contains the most observations in the sample.

5 The log of lake area is demeaned in the interaction term with Secchi. Thus, the Secchi coefficient
alone can be interpreted as the effect of water quality for a lake with the mean log-lake area. Secchi *
Lake Area Demeaned can be interpreted as the effect of an increase in lake size over the sample mean.
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Table B2 Nation | Results State Interactions with Controls Compared to Baseline

Baseline State Interactions with Controls
Parameter Estimate Std. Error Estimate! Std. Error

const 7.123% % (0.207) 6.139%** (0.432)
Secchi®** 0.23 1% (0.034) 0.232%** (0.034)
Secchi * <150 m 0.025%* (0.009) 0.0120 (0.009)
Secchi * Lake Distance -0.034%** (0.005) -0.034%** (0.005)
Secchi * Urban -0.0150 (0.014) -0.0130 (0.013)
Secchi * Lake Area Demeaned*  0.009* (0.004) 0.0060 (0.004)
Secchi * Ecoregion 5.2 0.075* (0.036) 0.08* (0.034)
Secchi * Ecoregion 5.3 0.0430 (0.033) 0.0220 (0.039)
Secchi * Ecoregion 6.2 0.5940 (0.462) 0.3890 (0.286)
Secchi * Ecoregion 7.1 0.9910 (0.596) 0.944%* (0.459)
Secchi * Ecoregion 8.2 0.0570 (0.077) 0.070 (0.072)
Secchi * Ecoregion 8.3 0.0550 (0.048) 0.0170 (0.045)
Secchi * Ecoregion 8.4 -0.0170 (0.069) -0.0270 (0.067)
Secchi * Ecoregion 8.5 0.0260 (0.031) 0.0190 (0.028)
Secchi * Ecoregion 9.2 0.150 (0.1) 0.1360 (0.111)
Secchi * Ecoregion 9.3 0.2230 (0.201) 0.1950 (0.201)
Secchi * Ecoregion 9.4 0.2030 (0.149) 0.1830 (0.144)
Secchi * Ecoregion 10.2 0.3060 (0.462) 0.0630 (0.288)
Secchi * Ecoregion 11.1 0.6620 (0.462) 0.3590 (0.287)
Secchi * Ecoregion 13.1 0.3660 (0.475) 0.090 (0.307)
Secchi * Ecoregion 15.4 0.0320 (0.048) 0.0120 (0.045)
Secchi * AL 0.0030 (0.202) 0.0820 (0.179)
Secchi * AR 0.1210 (0.15) 0.1720 (0.219)
Secchi * AZ -0.3960 (0.475) -0.1250 (0.307)
Secchi * CA -0.7280 (0.465) -0.4120 (0.29)

Secchi * CO -0.4980 (0.461) -0.3670 (0.28)

Secchi * CT -0.266* (0.12) -0.273* (0.12)

Secchi * DE -0.0860 (0.402) -0.2930 (0.447)
Secchi * FL -0.0190 (0.037) -0.0090 (0.033)
Secchi * GA 0.0330 (0.128) 0.0760 (0.143)
Secchi * TA -0.221* (0.11) -0.1630 (0.115)
Secchi * IL -0.1070 (0.08) -0.1160 (0.074)
Secchi * IN 0.20 (0.515) -0.6590 (0.39)

Secchi * KY -1.956%** (0.058) -3.282%** (0.724)
Secchi * LA 0.0840 (0.211) -0.2410 (0.177)
Secchi * MA -0.0270 (0.024) -0.0230 (0.022)
Secchi * MD -0.259%* (0.085) -0.22%* (0.085)
Secchi * ME 2.428%** (0.077) 2.533%%* (0.092)
Secchi * MI -0.0680 (0.048) -0.0850 (0.045)
Secchi * MO 0.6730 (0.739) -1.1660 (1.699)
Secchi * MT -2.021%** (0.465) -5.200%*%* (0.288)
Secchi * NC -0.1830 (0.123) -0.0680 (0.117)
Secchi * ND -0.2230 (0.292) 0.3390 (0.272)
Secchi * NE -0.1790 (0.101) -0.1670 (0.112)
Secchi * NH -0.0650 (0.047) -0.0970 (0.053)
Secchi * NJ -0.0030 (0.052) 0.0140 (0.052)
Secchi * NY -0.0740 (0.04) -0.0730 (0.054)
Secchi * OH -0.1980 (0.16) -0.1710 (0.143)
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Table B2 (2/2)

Baseline State Interactions with Controls

Parameter Estimate Std. Error Estimate? Std. Error
Secchi * OK -0.1240 (0.266) -0.1830 (0.267)
Secchi * OR -0.8670 (0.525) -0.95% (0.41)
Secchi * PA 0.154%** (0.036) 0.0830 (0.084)
Secchi * RI 0.102* (0.047) 0.061* (0.029)
Secchi * SC -0.0530 (0.084) -0.0020 (0.078)
Secchi * SD -0.1270 (0.287) -0.0020 (0.228)
Secchi * TN -0.1130 (0.078) -0.0860 (0.077)
Secchi * TX -0.3930 (0.233) -0.40 (0.216)
Secchi * VA -0.1340 (0.083) -0.0930 (0.079)
Secchi * VT -0.0780 (0.129) -0.10 (0.143)
Secchi * WA -0.9890 (0.597) -0.926* (0.46)
Secchi * WI -0.0330 (0.08) -0.0480 (0.073)
<150 m 0.124%** (0.009) 0.138%** (0.012)
Lake Distance -0.095%** (0.005) -0.074%** (0.008)
Lake Area 0.013* (0.005) 0.011* (0.005)
Median Income 0.131%** (0.014) 0.097*** (0.015)
Slope 0.019%** (0.002) 0.018%*** (0.003)
Elevation -0.0230 (0.023) 0.310 (0.167)
Lot Size 0.107%** (0.004) 0.17%** (0.007)
Building Age -0.125%** (0.003) -0.138%*** (0.005)
Building Size 0.547%** (0.01) 0.435%** (0.013)
Quarter 2 0.044%** (0.002) 0.053 %% (0.003)
Quarter 3 0.05%** (0.002) 0.059%#** (0.003)
Quarter 4 0.015%** (0.002) 0.0271*** (0.004)

Notes: N = 485,860 Standard Errors Clustered at Tract Level. *p<.05 **p<.01 ***p<.001

!Control variables are interacted with dummy variables for each state, excluding Minnesota which is chosen as
the excluded category. Given rank violations a further restriction on these interactions terms is imposed
requiring a state to have a sample count larger than 4 times the number of control variables. Lower count
thresholds were attempted but results in rank violations of the data matrix. During estimation the following
terms were fully absorbed by fixed effects and dropped from the model: lake area * CA, lake area * MD,
lake area * NE, lake area * GA, lake area * PA, lake area * OK, lake area * KY, lake area * MO, lake area
* MT, hh_inc_med_bg 2012-2016 * ND. Coefficient estimates for these interactions are available from the
authors upon request.

?Interaction terms for MN and Ecoregion 8.1 were pre-selected as the excluded categories, because the area
intersection contains the most observations in the sample.

3During estimation, interaction terms for KS, NM, WV, Ecoregion 10.1, Ecoregion 12.1 were fully absorbed
by fixed effects and dropped from model. Observations for Ecoregion 12.1 all fall within AZ. Variation in
estimates for KS, NM, and WV can be explained by the corresponding ecoregion interactions.

4 The log of lake area is demeaned in the interaction term with Secchi. Thus, the Secchi coefficient alone can
be interpreted as the effect of water quality for a lake with the mean log-lake area. Secchi * Lake Area
Demeaned can be interpreted as the effect of an increase in lake size over the sample mean.
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Table B3 Nation | Results for Sample with All Property Attributes

baseline sample with all attributes?
Parameter sample' baseline none all lot size age bld size  bld rooms
7.67%** 10.535%*  8.14%** 9.068***  11.838**  6.901***  10.535**

const 7.123%%* * * *
Secchi®* 0.231%**  0.259%**  (.174** 0.258%**  0.216%**  (0.213%**  (.22%** 0.174%*
Secchi * <150 m 0.025%** 0.0190 0.0010 0.0180 0.0150 0.00 0.0150 0.0010
Secchi * Lake Distance -0.034%**  -0.037*** -0.017* -0.036%**  -0.031*** -0.023*%* -0.027***  -0.017*
Secchi * Urban -0.0150 -0.020 -0.0620 -0.0210 -0.0170 -0.050 -0.049* -0.0620
Secchi * Lake Area 0.012%** 0.0090 0.012%* 0.0110 0.012* 0.009%* 0.0090
demeaned* 0.009*
Secchi * Ecoregion 5.2 0.075* 0.173* 0.178* 0.167* 0.175% 0.182%* 0.17* 0.178*
Secchi * Ecoregion 5.3 0.0430 0.050 0.0410 0.0490 0.0530 0.0290 0.0530 0.0410
Secchi * Ecoregion 6.2 0.5940 0.2110 3.052%**  0.1060 2.312% 1.86* 0.9520 3.052%**

Secchi * Ecoregion 7.1 0.9910 4.417%%x B 12%** 4.568%*%%  6.541%**  5779%**k  6436%*F* g |2¥**
Secchi * Ecoregion 8.2 0.0570 0.0670 0.0510 0.0690 0.0780 0.0120 0.0830 0.0510

Secchi * Ecoregion 8.3 0.0550 0.186* 0.1940 0.16* 0.192%* 0.201* 0.181* 0.1940
Secchi * Ecoregion 8.4 -0.0170 -0.1110 0.0530 -0.1170 -0.020 -0.0210 -0.0430 0.0530
Secchi * Ecoregion 8.5 0.0260 0.0090 0.0070 0.0060 0.020 -0.020 0.0230 0.0070
Secchi * Ecoregion 9.2 0.150 0.2760 0.458* 0.2640 0.387* 0.2950 0.409* 0.458*
Secchi * Ecoregion 9.3 0.2230

Secchi * Ecoregion 9.4 0.2030 1.439% 1.8150 1.1710 1.7730 2.117* 1.13* 1.8150
Secchi * Ecoregion 10.2  0.3060

Secchi * Ecoregion 11.1  0.6620 0.2610 3.26%%* 0.1530 2.32% 2.101%* 1.0730 3.26%**
Secchi * Ecoregion 13.1  0.3660

Secchi * Ecoregion 15.4  0.0320 0.0510 0.0760 0.050 0.0850 0.0260 0.0790 0.0760
Secchi * AL 0.0030 -0.1730 -0.1230 -0.2050 -0.1240 -0.1630 -0.1530 -0.1230
Secchi * AR 0.1210 -0.1480 -0.385* -0.1840 -0.367* -0.1760 -0.269%* -0.385%
Secchi * AZ -0.3960

Secchi * CA -0.7280 -0.3470 -3.349%**  .0.2440 -2.385% -2.209* -1.16* -3.349%**
Secchi * CO -0.4980 -0.4160 -2.971*¥*  -0.3470 -2.394% -1.997* -0.9420 -2.971%*
Secchi * CT -0.266* -0.282* -0.291* -0.28* -0.2620 -0.317* -0.278* -0.291*
Secchi * DE -0.0860 0.0090 -0.2580 0.0030 -0.190 -0.1350 -0.0690 -0.2580
Secchi * FL -0.0190 -0.0420 -0.0460 -0.0390 -0.0520 -0.0120 -0.0630 -0.0460
Secchi * GA 0.0330 -0.1120 -0.2140 -0.0880 -0.2040 -0.1770 -0.1230 -0.2140
Secchi * IA -0.221* -0.3180 -0.519**  -0.306* -0.424%* -0.362% -0.457**  -0.519%**
Secchi * IL -0.1070 -0.110 -0.0340 -0.1080 -0.0720 -0.0330 -0.1040 -0.0340
Secchi * IN 0.20

Secchi * KY -1.956%**

Secchi * LA 0.0840 -0.1870 -0.140 -0.20 -0.2150 -0.0890 -0.1880 -0.140
Secchi * MA -0.0270 -0.0150 0.0470 -0.0130 0.0260 0.0260 0.0010 0.0470
Secchi ¥ MD -0.259%*

Secchi * ME 2.428%**  2346%** ] 7766F** D 197¥¥* ] TFEF [ .883F*F*  2.3ISF*  ].766%**
Secchi * MI -0.0680 -0.111%* -0.122* -0.107* -0.121* -0.149%*  -0.087* -0.122*
Secchi * MO 0.6730 0.5090 0.2060 0.5610 -0.1910 0.310 0.7740 0.2060
Secchi * MT 22.021%*%%  -1.673%* -5.141%*%  -1.626* -4.020%*% -4, 059%** D421 FFK 5 14]F**
Secchi * NC -0.1830 -0.282%* -0.2070 -0.2470 -0.2240 -0.2090 -0.288* -0.2070
Secchi * ND -0.2230 -0.156**%  -0.361***  -0.146***  -0.193*** -0.167*** -0.375*** -0.36]1***
Secchi * NE -0.1790 -0.2740 -0.445% -0.260 -0.3640 -0.3010 -0.402* -0.445%
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Table B3 (2/2)

baseline sample with all attributes?

Parameter sample' baseline none all lot size age bld size  bld rooms
Secchi * NH -0.0650 -0.0730 -0.1030 -0.070 -0.0910 -0.0740 -0.0970 -0.1030
Secchi * NJ -0.0030 0.130 0.2010 0.1580 0.1940 0.1630 0.1480 0.2010
Secchi * NY -0.0740 -0.099%* -0.1290 -0.097* -0.1040 -0.1260 -0.111* -0.1290
Secchi * OH -0.1980 -0.2290 -0.1680 -0.2350 -0.2230 -0.1540 -0.2190 -0.1680
Secchi * OK -0.1240 -0.2380 -0.8290 0.0470 -0.0860 -1.1340 -0.3520 -0.8290
Secchi * OR -0.8670 -4.601%**  _B3TH¥E 4 T52FFF _6T66FF*  -6.076%**F  -6.582%** R ITH¥*
Secchi * PA 0.154%**  (.14%** 0.1070 0.22%** 0.111* 0.245%**  0.0350 0.1070
Secchi * RI 0.102* 0.105* 0.020 0.105* 0.142%* 0.0140 0.0480 0.020
Secchi * SC -0.0530 -0.2070 -0.1470 -0.1730 -0.1530 -0.2110 -0.1670 -0.1470
Secchi * SD -0.1270 -0.0780 0.0650 -0.0380 0.1370 0.0940 -0.1860 0.0650
Secchi * TN -0.1130 0.1670 -0.0090 0.1920 -0.0450 -0.0220 0.2460 -0.0090
Secchi * TX -0.3930 -0.3450 -0.5970 -0.1970 -0.4370 -1.0180 -0.0540 -0.5970
Secchi * VA -0.1340 -0.291*%*  -0.419%**  _0.282*%*  -0.429**  -0.415%** -0.255* -0.419%**
Secchi * VT -0.0780 -0.0790 -0.0040 -0.0660 0.0020 -0.0710 -0.0480 -0.0040
Secchi * WA -0.9890 -4.466***  _B.O51¥** 4. 598%*F*  _52%*k*  5754%¥* G 447T*** R (5]***
Secchi * WI -0.0330 -0.0490 0.0260 -0.0470 -0.020 0.0350 -0.0430 0.0260
<150 m 0.124%%*  0,128%**  (,143*** (. 125%**% (. 134%** (. 159%*%*  (.118***  (.143***
Lake Distance -0.095***  -0.093***  -0.092*** -0.092%**  -0.102*** -0.107*** -0.075%¥** -0.092%**
Lake Area 0.013* 0.0070 0.0050 0.0070 0.010 0.0050 0.0040 0.0050
Median Income 0.131%%*  0,125%**  (0.265%**  (.122%**%  (0226%**  (0219%*%*  (,152%**  (.265%**
Slope 0.019%*%*  0.016%**  0.047***  0.014***  0.033***  (0.036%**  0.026*%**  0.047***
Elevation -0.0230 -0.0340 -0.065* -0.0360 -0.0520 -0.074* -0.0270 -0.065*
Lot Size 0.101%**  0.108%** 0.108%**  (.198%**
Building Age -0.125%*%  (.124%** -0.115%** -0.193***
Building Size 0.547***  (.498*** 0.43%** 0.625%%*
Quarter 2 0.044***  (0.045%**  (.04%** 0.045%**  0.04%** 0.048%**  (.04%** 0.04***
Quarter 3 0.05%** 0.052%**  (.04%** 0.051%**  0.04%** 0.056%**  0.043%**  (.04%**
Quarter 4 0.015%**  0.017***  0.0030 0.017***  0.0020 0.022%**  0.007* 0.0030
Bathrooms 0.143%**
Bedrooms -0.054%%**
N 485,860 311,938 311,938 311,938 311,938 311,938 311,938 311,938

Notes: Standard Errors Clustered at Tract Level. *p<.05 **p<.01 ***p<.001

'During estimation, interaction terms for KS, NM, WV, Ecoregion 10.1, Ecoregion 12.1 were fully absorbed by fixed effects and
dropped from model. Observations for Ecoregion 12.1 all fall within AZ. Variation in estimates for KS, NM, and WV can be
explained by the corresponding ecoregion interactions.

’During estimation, interactions terms for Ecoregion 10.1, Ecoregion 10.2, WV, KS, and KY are fully absorbed by fixed effects
and dropped from the model. Estimates for Ecoregion 9.3, Ecoregion 13.1, AZ, IN, and MD are not included because there are
not enough observations in these states that have all the required property attributes.

3Interaction terms for MN and Ecoregion 8.1 were pre-selected as the excluded categories, because the area intersection contains
the most observations in the sample.

“ The log of lake area is demeaned in the interaction term with Secchi. Thus, the Secchi coefficient alone can be interpreted as
the effect of water quality for a lake with the mean log-lake area. Secchi * Lake Area Demeaned can be interpreted as the effect
of an increase in lake size over the sample mean.
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Table B4 Nation | Results for Broad Interaction Categories and Restricted Model

Ecoregion Level 2

Ecoregions Level 1

Parameter state! division? region® state* division® region® restricted
const 7.123%%* TALT**% 7 112%%* 7.122%%* 7.109%** 7.099%** 7.093%**
Secchi’ 0.231%** 0.228***  (.226%** 0.231*** 0.228*** 0.215%** (0.22%%*%*
Secchi * <150 m 0.025** 0.025%* 0.025%* 0.025%* 0.025%* 0.025%* 0.025**
Secchi * Lake Distance -0.034**%  -0.034***  -0.033***  -0.034***  -0.033***  -0.033*** = -0.034%**
Secchi * Urban -0.0150 -0.0140 -0.0140 -0.0150 -0.0130 -0.010 -0.0140
Secchi * Lake Area
Demeaned’ 0.009* 0.0080 0.0080 0.009* 0.0080 0.0050 0.00
Secchi * Ecoregion 5.2 0.075%* 0.078%* 0.08*
Secchi * Ecoregion 5.3 0.0430 0.0410 0.0410
Secchi * Ecoregion 6.2 0.5940 0.3520 0.3460
Secchi * Ecoregion 7.1 0.9910 0.5360 0.3070
Secchi * Ecoregion 8.2 0.0570 0.0410 -0.0280
Secchi * Ecoregion 8.3 0.0550 0.0250 0.0210
Secchi * Ecoregion 8.4 -0.0170 -0.0540 -0.0710
Secchi * Ecoregion 8.5 0.0260 0.0540 0.0510
Secchi * Ecoregion 9.2 0.150 -0.0320 -0.0310
Secchi * Ecoregion 9.3 0.2230 -0.0020 0.0170
Secchi * Ecoregion 9.4 0.2030 -0.0360 0.0110
Secchi * Ecoregion 10.1 0.3060 0.1610 0.1650
Secchi * Ecoregion 10.2 0.6620 0.4680 0.2550
Secchi * Ecoregion 11.1 0.3660 0.2280 0.2740
Secchi * Ecoregion 13.1 0.0320 0.0610 0.0580
Secchi * Ecoregion 15.4 0.0490 0.0410 0.0440
Secchi * Ecoregion 5 0.1520 -0.0310 -0.020
Secchi * Ecoregion 6 0.2560 0.1650 0.1390
Secchi * Ecoregion 7 0.0060 0.0080 0.0180
Secchi * Ecoregion 9 0.5440 0.3560 0.3110
Secchi * Ecoregion 10 0.3160 0.2310 0.2360
Secchi * Ecoregion 11 0.6120 0.4720 0.2320
Secchi * Ecoregion 13 0.9410 0.5370 0.2670
Secchi * Ecoregion 15 0.0030 0.0050
Secchi * AL 0.1210 0.1040
Secchi * AR -0.3960 -0.3470
Secchi * AZ -0.7280 -0.6790
Secchi * CA -0.4980 -0.4480
Secchi * CO -0.266* -0.269%
Secchi * CT -0.0860 -0.060
Secchi * DE -0.0190 0.0070
Secchi * FL 0.0330 0.0870
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Table B4 (2/3)

Ecoregion Level 2 Ecoregions Level 1

Parameter state! division®>  region® state* division® region® restricted

Secchi * GA 7.123%%* TALTH** T 1] 2%** 7.122%%% 7.109%** 7.099%** 7.093%%*

Secchi * TA -0.221* -0.224*

Secchi * IL -0.1070 -0.05%*

Secchi * IN 0.20 0.2410

Secchi * KY -1.956*** -1.902%***

Secchi * LA 0.0840 0.1220

Secchi ¥ MA -0.0270 -0.0080

Secchi * MD -0.259%* -0.271%**

Secchi * ME 2.428%** 2.422%%%*

Secchi * MI -0.0680 -0.0550

Secchi * MO 0.6730 0.6710

Secchi * MT -2.021%** -1.971%**

Secchi * NC -0.1830 -0.140

Secchi * ND -0.2230 -0.1530

Secchi * NE -0.1790 -0.1770

Secchi * NH -0.0650 -0.0690

Secchi * NJ -0.0030 -0.0020

Secchi * NY -0.0740 -0.0690

Secchi * OH -0.1980 -0.1540

Secchi * OK -0.1240 -0.0810

Secchi * OR -0.8670 -0.8180

Secchi * PA 0.154%** 0.148***

Secchi * RI 0.102* 0.102*

Secchi * SC -0.0530 0.0010

Secchi * SD -0.1270 -0.130

Secchi * TN -0.1130 -0.123**

Secchi * TX -0.3930 -0.3430

Secchi * VA -0.1340 -0.0820

Secchi * VT -0.0780 -0.0790

Secchi * WA -0.9890 -0.940

Secchi * WI -0.0330 0.0230

Secchi * New England -0.0520 -0.0280

Secchi * Middle Atlantic -0.0710 -0.0330

Secchi * East North Central -0.0430 -0.0370

Secchi * East South Central 0.060 0.0530

Secchi * West South Central -0.2570 -0.2610

Secchi * South Atlantic -0.0680 -0.111*
-0.0460 0.0050

Secchi * Mountain

11
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Table B4 (3/3)

Ecoregion Level 2 Ecoregions Level 1

Parameter state! division®>  region® state* division® region® restricted
Secchi * Pacific -0.5320 -0.5340

Secchi * Northeast -0.0470 -0.0240

Secchi * South -0.0420 0.0030

Secchi * West -0.3020 -0.2590

<150 m 0.124%** 0.124%**  (.124%%** 0.124%** 0.124%** 0.124%** 0.124%**
Lake Distance -0.095%** -0.095%**  _0.095%** -0.095%** -0.095%** -0.095%** -0.095%**
Lake Area 0.013* 0.014%* 0.014%* 0.013* 0.013%* 0.015** 0.017***

0.13]1%** 0.132%%* (]3] *** 0.131%** 0.132%** 0.13]1%** 0.13]%**
0.019%** 0.019***  (.019%** 0.019%** 0.019%** 0.019%** 0.019%**

Median Income

Slope

EleSation -0.0230 -0.0230 -0.0230 -0.0230 -0.0220 -0.0220 -0.0230
Lot Size 0.101%** 0.101***  (0.101*** 0.101%** 0.101%** 0.101%** 0.1%**
Building Age -0.125%** -0.125%** (. 125%** -0.125%** -0.125%** -0.125%** -0.125%**
Building Size 0.547*** 0.547*%*  (.547*** 0.547%** 0.547%** 0.547%** 0.547***
Quarter 2 0.044%** 0.044%***  (,044%** 0.044%** 0.044%** 0.044%** 0.044%**
Quarter 3 0.05%** 0.05%** 0.05%** 0.05%** 0.05%** 0.05%** 0.05%**
Quarter 4 0.015%** 0.015%**  (.015%** 0.015%** 0.015%** 0.015%** 0.015%**
Loglikelihood -230,106 -230,150 -230,157 -230,111 -230,160 -230,190 -230,201
AIC 533,297 533,321 533,327 533,293 533,328 533,378 533,379

Notes: N = 485,860 Standard Errors Clustered at Tract Level. *p<.05 **p<.01 ***p<.001

IState interaction terms is the baseline. Interaction terms for MN and Ecoregion 8.1 were pre-selected as the excluded categories,
because the area intersection contains the most observations in the sample. During estimation, interaction terms for KS, NM, WV,
Ecoregion 10.1, Ecoregion 12.1 were fully absorbed by fixed effects and dropped from model. Observations for Ecoregion 12.1
all fall within AZ. Variation in estimates for KS, NM, and WV can be explained by the corresponding ecoregion interactions.
’Interaction terms for West North Central and Ecoregion 8.1 were pre-selected as the excluded categories, because the area
intersection contains the most observations in the sample.

SInteraction terms for Midwest and Ecoregion 8.1 were pre-selected as the excluded categories, because the area intersection
contains the most observations in the sample.

“Interaction terms for MN and Ecoregion 8 were pre-selected as the excluded categories, because the area intersection contains the
most observations in the sample. During estimation, interaction terms for KS, NM, WV, Ecoregion 10.1, Ecoregion 12.1 were
fully absorbed by fixed effects and dropped from model. Observations for Ecoregion 12.1 all fall within AZ. Variation in
estimates for KS, NM, and WV can be explained by the corresponding ecoregion interactions.

SInteraction terms for West North Central and Ecoregion 8 were pre-selected as the excluded categories, because the area
intersection contains the most observations in the sample. During estimation, the interaction term for Ecoregion 12 was fully
absorbed by fixed effects and dropped from model. Observations for Ecoregion 12 all fall within Mountain.

SInteraction terms for Midwest and Ecoregion 8 were pre-selected as the excluded categories, because the area intersection
contains the most observations in the sample. During estimation, the interaction term for Ecoregion 12 was fully absorbed by
fixed effects and dropped from model. Observations for Ecoregion 12 all fall within West.

7 The log of lake area is demeaned in the interaction term with Secchi. Thus, the Secchi coefficient alone can be interpreted as the
effect of water quality for a lake with the mean log-lake area. Secchi * Lake Area Demeaned can be interpreted as the effect of an
increase in lake size over the sample mean.
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Sensitivity of Regional Median to Sample Parameters and Methods

In Figure B1 we consider the sensitivity of the regional medians to two sample selection
parameters related to water quality: water quality summary measure and sample matching method.
Note that we used minimum, mean, and maximum water quality measures. We find that estimates
in the Midwest and South appear to be slightly sensitive to the summary measure, with the
elasticities for minimum lower than those for mean or maximum. We also find the regions medians
are very sensitive to the water quality sample and property sale matching method. In all regions
except the Midwest, sales that were matched to samples only in the past—those matched for only
the year prior to sale or to a sale in the past 5 years—tend to have higher elasticity estimates.
However, there also appears to be much wider variation in elasticity estimates in the years, with
more negative and positive outliers found. Matching using plus or minus five years or the most

recent summer appear to have to most stable medians across all regions.

In Figure B2 we consider the sensitivity of the regional medians to three sample selection
parameters related to property location: maximum distance to lake, lakefront buffer distance, and
minimum sales in lakefront buffer. We see medians are slightly higher when using the maximum
distance of 2,500 m over 1,000 m. In the Midwest, we also see slightly larger estimates when using
the 150 m buffer over 300 m. We do not observe any sensitivity to the minimum requirement in

the buffer.

In Figure B3 we consider the sensitivity of the regional medians to the functional forms
of the model and the type of spatial fixed effect. We do not observe sensitivity in relation to the

specification of Secchi in the model. We also do not observe sensitivity to the spatial unit of the
13
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fixed effect, likely because census tract and block groups are both fine scales. However, we do

find wider dispersion of medians in all regions when we interact sale year with the spatial fixed

effect.
045 Regional Median Elasticity Estimates WQ Sample
) B i
0.2+
0
-0.04 A
-0.28 4
-0.53 A
0.77
Northeast Midwest South West
wq max -
wg ean -
wq min -
+/-5 years - — 1 1 — — — — — — — — —1
-5 years - o 1 1 b1 b1 1 ] 1 o] 1 1 T
year of sale 4 —1 — — — — — — — —1 — — —
year prior to sale — — —] — — — — — — — — —

Figure B1 Regional Median Secchi Elasticity Estimates Sorted by Water Quality Sample Parameters

Notes: Census tract median estimates for properties within 150m from lakefront for all 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 and water quality sample selection criteria. Due to the relative magnitude
of outliers, 1st and 99th percentiles are dropped from figure.
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Figure B2 Regional Median Secchi Elasticity Estimates Sorted by Property Location Sample Parameters

Notes: Census tract median estimates for properties within 150m from lakefront for all 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 and property location sample selection criteria. Due to the relative
magnitude of outliers, 1st and 99th percentiles are dropped from figure.
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Figure B3 Regional Median Secchi Elasticity Estimates Sorted by Methods
Notes: Census tract median estimates for properties within 150m from lakefront for all 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 and methodological choices. Due to the relative magnitude of outliers,
1st and 99th percentiles are dropped from figure.
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