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USDA 
Programs

(e.g., CRP, CSP, EQIP)
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Reduce pollutants 
into waterways

(e.g., nutrients and sediment)

Improve 
aquatic 

ecosystems

Presenter
Presentation Notes
CRP = Conservation Reserve ProgramCSP = Conservation Stewardship ProgramEQIP = Environmental Quality Incentives Program Estimate value placed on ecological endpoints and intermediate goods, in last two categories by examining changes in home values. If WQ modellers can project changes in pollutants from programs,then we can assign dollar value to it… In terms of capitalization effects on nearby home values



Hedonic Property Value Methods

Estimate how local amenities 
(e.g., water quality) affect 
home values

Hedonic literature examining 
water quality goes back over 
50 years (David, 1968)
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Presenter
Presentation Notes
And yet, to our knowledge,no published meta-analysis examining collective findings of literature. 







Objective

Summarize literature, and synthesize results using meta-analysis

Estimate unit value and value functions of capitalization effects 
for purposes of benefit transfer
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Presenter
Presentation Notes
Despite long-standing lit… no published meta-analysesFirst, theoretically rigorous meta-analysis of hedonic studies of WQBT for regional and nationwide WQ regulations and programsSide note:Believe no formally valid meta-analysis thus far, b/c…Different functional forms in modelsusing different sets of housesmeasures of proximity Numerous WQ measuresLinnae Fath (2011) – MS thesis at OSUStudent of Elena Irwin



“Meta-analysis is the quantitative 
synthesis of multiple primary studies… allows 
[for] generalizations.” 
(Nelson, 2013)

Benefit Transfer – practice of applying 
estimated values from studies of other 
regions or policies, to a policy/action of 
interest.
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Unit Values
Value Functions

Presenter
Presentation Notes
Meta-analysis can estimate a simple 1. Unit value – mean price change2. Value function – parameterize reduced-form functionEstimate price change based on characteristics of waterbody and housing mkt of interestEither can be used for BT



Meta-Dataset
65 studies identified 

• Examine residential property values and water quality
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Presenter
Presentation Notes
Side note:Related reports and lit reviewsSearch google scholar, env valuation reference inventory, J Store, science direct, SSRN, etc. Two requests to RESEcon list serveEPA library system



Meta-Dataset
65 studies identified 

• Examine residential property values and water quality

Studies excluded if:
• Not a primary study 
• Unpublished version of a later published study
• Not a study of surface water quality 
• Outside of U.S.
• Only used subjective water quality ratings

36 studies included in meta-dataset 
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Presenter
Presentation Notes
SKIP OVER IF DON”T HAVE TIME…29 studies droppedNot primary – e.g., lit review, another meta-analysis (e.g., Klemick et al. 2018)Not surface WQ – e.g., groundwater, aquatic invasive speciesOut of US – a few Euro studies & one Canadian study excludedSubjective – could not link back to WQ models (e.g., 1 to 10 expert ratings)



<< Internal and Deliberative >> 9

Lakes 
(25 studies*)

Estuaries 
(6 studies)

Rivers
(3 studies*)

Small Rivers
(3 studies)

Presenter
Presentation Notes
Out of 36 studies… … majority examine lakes and reservoirsSide note: * = one study examines rivers and lakes (Liu et al 2014)
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Presenter
Presentation Notes
Strived for representative spatial coverageBut still some gaps (e.g., Southwest and parts of Midwest)Side note:Why few studies in SW and Mid-West? Not a lot of watersWater issues more of quantity and not quality? Property transaction data harder to come by… follows similar spatial trends of other methodsvaluing changes in WQ (e.g., SP, rec demand)
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Presenter
Presentation Notes
List of 36 studies, and# of meta-observations by study…Each study yields multiple estimatesMultiple regressions estimatedMultiple study areasMeasures of WQSide note: Walsh et al. clear outlierbut will later weight obs’s accordingly make sure no study has any undue influence
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n=598 where could infer unique estimate of the 
price elasticity and corresponding standard error

Studies included in Meta-dataset

Presenter
Presentation Notes
Side note: n=656 where infer unique estimate of elasticity or semi-elasticityN=607 w/ elasticity, but then some did not have sufficient info for std errorsGathered enough info from primary study or authorsto infer price elasticity



Formatting Common Measures of Price Impacts

Price elasticity and semi-elasticity
• Study by study derivation based on initial functional form
• Standard errors inferred via Monte Carlo simulations (10,000 draws)
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Presenter
Presentation Notes
Biggest challenge of our study… Study by study, model by model to…… mathematically derive and estimate comparable price elasticities across studiesAccounted for:different functional forms, distance gradients, interaction terms~ 30 page appendix!!!MC simulations – acct for both var’s and cov’s (when needed)For each elasticity from each study, simulate distribution by taking 10,000 draws fromjoint distribution of primary study estimates. Side Note:Interaction examples: water area, distance, depth



Formatting Common Measures of Price Impacts

Price elasticity and semi-elasticity
• Study by study derivation based on initial functional form
• Standard errors inferred via Monte Carlo simulations (10,000 draws)

Common distances
• Waterfront and non-waterfront w/in 500 meters
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Presenter
Presentation Notes
Unique aspect of our meta-datasetis that:Calculated separate elasticity estimates from same original regressionBut for homes at different distancesi.e., waterfront and non-waterfront w/in 500mSpatial aspect adds another dimension Allows for more detailed BT
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Presenter
Presentation Notes
Includes waterfront and non-waterfront
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Meta-analysis

Unit Values
Value Functions

Presenter
Presentation Notes
1. Unit value – mean price change



Cluster-adjusted Random Effect Size Weights

Random Effect Size (RES) Weights –
• Account for statistical precision of primary estimates

Clusters defined as unique housing markets 
• Account for numerous estimates of same “true” elasticity for the same housing 

market and waters
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Presenter
Presentation Notes
Calculate mean values under a variety of different weighting schemes, preferred is…Agnostic on who conducted analysis, or if within each study…A single elasticity meta-observation or multiple estimations (e.g., different specifications)all estimates of a true elasticity for a specific housing market and waterbody.
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Mean Elasticity Estimates

Water Clarity
-0.3

-0.2

-0.1

0

0.1

0.2

0.3

Fecal Coliform Chlorophyll a Nitrogen Phosphorous

Waterfront Non-waterfront w/in 500 m

Presenter
Presentation Notes
Find some unexpected results, but generally match expectationsStronger effect closer to waterfrontClarity  increase priceFecal coliform, Chl-A, N and P  decrease priceWith pH, also found less acidic waters increase price among waterfront homesSide note:Some unexpected resultsStrong non-waterfront effect w/ fecal coliform- Positive non-waterfront effect w/ chl-aIn any case, this is what lit tells us, andcan use these weight means for unit value transfers…
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Number of meta-observations by 
water quality measure
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Presenter
Presentation Notes
In case of clarity, have enough meta-observations and studies to do more complex function transfer
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Meta-analysis

Unit Values

Value Functions

Presenter
Presentation Notes
So we next estimate series of meta-regressions…
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Meta-regression Model: Water clarity (secchi disk depth)
Home price elasticity 

estimate i for distance bin d 
in cluster (housing market) j Waterfront 

dummy

𝜀𝜀𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛽𝛽0 + 𝑤𝑤𝑤𝑤𝑖𝑖𝑖𝑖𝑖𝑖𝛽𝛽1 + 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑖𝑖𝛽𝛽2 + 𝑊𝑊𝑊𝑊𝑖𝑖𝑖𝑖𝛽𝛽2 + 𝒓𝒓𝒓𝒓𝒓𝒓𝒓𝒓𝒓𝒓𝒓𝒓𝑖𝑖𝜷𝜷3 + 𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖

Estuary 
dummy

Baseline 
Water Quality

Region dummies 
(NE, S, MW, W)

̂

1. Random Effects (RE) Panel Model

2. Mundlak Model 
(Mundlak, 1978; Boyle & Wooldridge, 2018)

𝑐𝑐𝑖𝑖 + 𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖
Cluster-specific 

Effect
Error 
term

Presenter
Presentation Notes
Estimated using same cluster-adjusted RES weightsCluster-specific term –Same housing market, same water body… likely correlated unobservablesAccount for using RE PanelBut for unbiased estimates, must assume c_j uncorrelated w/ observablesLikely not valid assumptionFE Panel model usual alternative, but…Would prevent BT for policy areas outside of sampleLose a lot of observations because many observables constant w/in clusterEstimate Mundlak modelRecently proposed alternative when BT is goalBasically include cluster-specific means to parametrically estimate c_jApplication limited here, only WF and WQ vary w/in cluster, and not for very many studies
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VARIABLES (1)

waterfront 0.0791***
estuary
mean clarity
midwest
south
west
constant 0.0257*

Random Effects (RE) Panel Meta-regression Model 
(dependent variable: predicted house price elasticity)

Presenter
Presentation Notes
18 studiesN=260K=63Model 1 – similar to mean value1% increase in SDM  0.0257% increase non-waterfront1 % increase in SDM  0.1048% increase waterfront
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VARIABLES (1) (2)

waterfront 0.0791*** 0.0498**
estuary -0.0546*
mean clarity
midwest
south
west
constant 0.0257* 0.0713**

Random Effects (RE) Panel Meta-regression Model 
(dependent variable: predicted house price elasticity)

Presenter
Presentation Notes
18 studiesN=260K=63Model 2 – estuaries correspond to lower price increasePerhaps more accepting in estuaries where water generally more opaque anywaySide note: more iconic or less substitutes, thus WQ not as important (?)
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VARIABLES (1) (2) (3)

waterfront 0.0791*** 0.0498** 0.0457**
estuary -0.0546*
mean clarity 0.0146**
midwest
south
west
constant 0.0257* 0.0713** 0.0138

Random Effects (RE) Panel Meta-regression Model 
(dependent variable: predicted house price elasticity)

Presenter
Presentation Notes
18 studiesN=260K=63Model 3 – higher baseline clarity levels correspond to higher price increasesSuggest residents have higher value for maintaining already relatively clear waters
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VARIABLES (1) (2) (3) (4)

waterfront 0.0791*** 0.0498** 0.0457** 0.0347
estuary -0.0546*
mean clarity 0.0146**
midwest -0.0318
south -0.0865***
west -0.0622
constant 0.0257* 0.0713** 0.0138 0.1065***

Random Effects (RE) Panel Meta-regression Model 
(dependent variable: predicted house price elasticity)

Presenter
Presentation Notes
18 studiesN=260K=63Model 4 – Some evidence of systematic differences in south, but o/w statistically similar estimates across regions, on averageLends some support for cross-regional transfers



26

VARIABLES (1) (2) (3) (4) (5)

waterfront 0.0791*** 0.0498** 0.0457** 0.0347 0.0381*
estuary -0.0546* -0.0015
mean clarity 0.0146** -0.0103
midwest -0.0318 -0.0513
south -0.0865*** -0.1239*
west -0.0622 -0.0609
constant 0.0257* 0.0713** 0.0138 0.1065*** 0.1517

Random Effects (RE) Panel Meta-regression Model 
(dependent variable: predicted house price elasticity)

Presenter
Presentation Notes
18 studiesN=260K=63Model 1 – similar to mean value1% increase in SDM  0.0257% increase non-waterfront1 % increase in SDM  0.1048% increase waterfrontModel 2 – estuaries correspond to lower price increasePerhaps more accepting in estuaries where water generally more opaque anywaySide note: more iconic or less substitutes, thus WQ not as important (?)Model 3 – higher baseline clarity levels correspond to higher price increasesSuggest residents have higher value for maintaining already relatively clear watersModel 4 – Some evidence of systematic differences in south, but o/w statistically similar estimates across regions, on averageLends some support for cross-regional transfers
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Mundlak Meta-regression Model 
(dependent variable: predicted house price elasticity)

VARIABLES (1) (2) (3) (4) (5)

waterfront 0.0640*** 0.0602*** 0.0607*** 0.0581*** 0.0579***
waterfront cluster mean 0.0471 -0.0571 -0.1744** -0.2279*** -0.2566***
estuary -0.0693*** 0.0183
mean clarity -0.0273 -0.0378
clarity cluster mean 0.0597 0.0469
midwest -0.0806*** -0.0693**
south -0.1832*** -0.1781***
west -0.0622 -0.0633
constant 0.0024 0.1118*** 0.0856*** 0.3109*** 0.2969***

Presenter
Presentation Notes
Mundlak model yields some differences…Mean clarity in model 3 no longer significant, and opposite signRegional differences in Models 4 and 5 now among Midwest estimates, and difference among south estimates even strongerFind differences across models, but no clear guidance on which better for purposes of BT Conduct empirical exercise to assess BT transfer performance across value and function transfers… 
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Absolute Value of Transfer Error

RES Mean
Value Transfer

Meta-regression Model Function Transfer

(1) (2) (3) (4) (5)

Out-of-sample transfer error 0.13504 
RE Panel Meta-regression 0.13502 0.13508 0.13262 0.14011 0.14563 
Mundlak Meta-regression 0.13395 0.14074 0.13973 0.15739 0.16307 

Presenter
Presentation Notes
RE Panel often out performs Mundlak (except in case of model 1)Value transfer out-performs many of the more complicated function transfersLends some support for other WQ measures where value transfer only optionBut Model 3 – accounts for baseline WQ – generally results in lowest transfer error, RE Panel variant of model 3 for BT



USDA 
Programs

(e.g., CRP, CSP, EQIP)
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Reduce pollutants 
into waterways

(e.g., nutrients and sediment)

Improve 
aquatic 

ecosystems

Implications for Benefit-Transfer
If water quality models quantify change in:

• Water clarity 
 Function transfer using RE Panel accounting for baseline clarity

• Fecal Coliform, Chlorophyll A, Nitrogen, pH, and Phosphorous 
 Value transfer

Combine with spatial data of waterbodies, housing, and housing 
values  BenSPLASH (Corona et al., 2019; session 6 today)

Presenter
Presentation Notes
Local data when possible, but for broader studies can useNHD  waterbodies NLCD and Census’s ACS for  # impacted houses and baseline valuesYield projection of total capitalization effectsi.e., project that a policy will increase waterfront and non-waterfront home values by $X!!!Integrating w/ spatial dataBenSPLASH (session 6 today)!Side note:Benefits Spatial Platform for Aggregating Socioeconomics and H2O Quality



Meta-analysis provides tool 
for valuing improvements in 
water quality and aquatic 
ecosystem services

Plan to make meta-analysis 
and meta-dataset publicly 
available
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Conclusion
Plan to periodically update 
meta-dataset

• Other waterbody types
• Other regions
• More water quality measures

Presenter
Presentation Notes
Most studies of lakes, noticeably less on estuaries, rivers, and streamsLack of studies in mountain states in west, parts of Midwest, and south-central USMost hedonic studies of water clarity, but WQ models and policy focus on other measures(i.e., nutrients, sediments, DO)interdisciplinary work needed close gap and provide more robust analysis to inform policy



31

Thank you!

Dennis Guignet
guignetdb@appstate.edu

mailto:guignetdb@appstate.edu
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Appendix



Meta-analysis widely used to value environmental commodities
• Nelson and Kennedy (2009) identified 140 meta-analyses in environment and 

resource economics, half of which published since 2004

Several meta-analyses of hedonic property value studies of 
environmental commodities

• Air pollution (PM) (Smith and Huang, 1993, 1995)

• Contaminated sites (Guignet et al., 2018; Kiel and Williams, 2007; Messer et al., 2006)

• Open space (Mazzotta et al., 2014)

• Tree cover (Siriwardena et al., 2016)

• Airport noise (Nelson, 2004)

• Railway stations (Debrezion et al., 2007)
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Presenter
Presentation Notes
To our knowledge, no published meta-analyses of surface WQ…!



Hedonic property value studies on water quality
First application to water quality by David (1968) 

A few studies in `70s and `80s

Many studies published in mid-1990s to early 2000s
• Focused on waterfront homes around lakes
• Primarily in Northeast US

More recent literature covers:
• Additional geographic areas 
• Other types of waterbodies (e.g., estuaries, rivers)
• Examine impacts on non-waterfront homes
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Presenter
Presentation Notes
1968 study by Elizabeth David (U of Wisconsin) in Water Resources ResearchSubjective expert ratings of lakes in Wisconsin (poor, moderate, good)



Identifying candidate studies

Literature search from October 2016 to August 2017

Review past literature reviews and relevant publications

Searched relevant databases 
• Google, Google Scholar, EBSCO, JSTOR, Ag Econ Search, Science Direct
• NCEE, NBER, RFF working paper series; RePEc/IDEAS, SSRN 

Key words includes included combinations of:
• “property values”, “hedonic”
• “water quality”, “water clarity”, “secchi disk”, “pH”, and “BOD”

Requests published and unpublished studies through ResEcon Land and Resource 
Economics Network (ResEcon) 

Second literature search conducted by EPA’s Cincinnati library staff (August 2017)
• More comprehensive set of keywords
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Presenter
Presentation Notes
Second lit search turned up 2 or 3 add’l studies, but really confirmed first
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Keyword(s) 1 Keyword(s) 2
hedonic water quality fecal designated use

hedonic price water clarity bacteria swimmable

hedonic value secchi depth algae fishable

house price pH runoff water pollution

house value BOD aquatic ecosystem service

housing value DO sediment freshwater 

housing price dissolved oxygen phosphorous eutrophication

home value lake quality nitrogen turbidity

home price stream quality nutrients total suspended solids

property value river quality impairment TSS

property price estuary quality

assessed value

Identifying candidate studies

Keywords in second literature search conducted by EPA Cincinnati Library

Presenter
Presentation Notes
Search included every combo of keywords 1 and 2



Meta-dataset Variables
Study and model details

• Year study released
• Type of publication
• Functional form

Region and study population
• Study area
• Type of homes and values
• Census info

Water resource and quality metrics
• Waterbody type
• Water quality metric
• Baseline water quality levels

Commonly formatted estimates
• Elasticity and semi-elasticity
• Standard errors

37

Presenter
Presentation Notes
Roughly 100 variables included…Formatted elasticity estimates are of most interest for meta-analysis
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Included Studies:

•
•
•
•
•

Journal articles (26)
Government reports (2)
MS/PhD theses (3)
Working papers (3)
Other (2)
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y
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pubyear

Presenter
Presentation Notes
Breakdown of 36 studies to be included in meta-datasetOther – “presentation” or book chp
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Presenter
Presentation Notes
Cluster-adjusted RES means
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