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Myriad economic impacts of Lake Erie Cyano HABs

• Water treatment and monitoring
• Water closure costs (Toledo)
• Clean-up & remediation
• Commercial fishing
• Charter fishing
• Recreational fishing
• Recreational (non-fishing) boating
• Beach use
• Other recreation & tourism
• Property values
• Health impacts



Image by “Nano Banana 2”



Source: CDC 2023

http://www.cdc.gov/harmful-algal-blooms/media/pdfs/Algal-Bloom-Brief-508.pdf


Health impacts of HABs

Health impacts

Direct health care costs

Lost work and/or income

Disutility of any illness or health effects

Expenditures on prevention, monitoring, advisories

& Impacts on animals & pets

Estimated HAB health impacts have a wide range:   $86 to $14,600 per illness
Kouakou & Poder J Water Health, 2019

Hoagland et al.  Estuaries, 2002

https://iwaponline.com/jwh/article/17/4/499/67601/Economic-impact-of-harmful-algal-blooms-on-human
http://dx.doi.org/10.1007/BF02804908


Some Lake Erie background

Relatively comprehensive 

“back-of-the-envelop” 

estimates of full economic 

costs of the 2011 and 2014 

HAB events

IJC report, 2015

https://legacyfiles.ijc.org/tinymce/uploaded/Publications/Economic-Benefits-Due-to-Reduction-in-HABs-October-2015.pdf


Aside:  Economic damages for Lake Erie recreational boat fishery

Paper under review:

Waters of Change:
Spatiotemporal Recreational Fishing 
Welfare Losses from Recurring HABs 
on Lake Erie

Y. Wu, F. Lupi & B. Sohngen

Uses long term data on month & site 
of boat fishing trips from OH DNR to 
link HABs and trips.

lupi@msu.edu
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Economic damages of water quality warnings in the Great Lakes

Greg Boudreaux1,2, Frank Lupi2 & Brent Sohngen3

lupi@msu.edu

1 U.S. Army Corps of Engineers, Chicago District (now UC Davis)
2 Michigan State University
3 The Ohio State University

mailto:lupi@msu.edu






Source: MLive, 9-3-2020

https://www.mlive.com/public-interest/2020/09/michigan-beaches-closed-by-pathogens-more-than-100-times-this-year.html




Research questions

• What are the economic losses to beachgoers of HAB and E. coli warnings?

How do trips respond to warnings?

• Do recreational losses end when the warnings end? 



Contributions

• Adds to small GL beach valuation lit.  (Murray et al. 2001; Lupi et al. 2022)

• Most economic lit. HAB & bacterial work focuses on foreign and/or saltwater settings    
(L’Ecuyer-Savageau et. al 2010; Taylor & Longo 2010; Marsh 2012; Kosenius 2018)

• Existing lit. uses beach closings as a proxy for warnings  (Palm-Forster et al. 2016, Wolf et al. 2019) 
but beaches are often not closed

• We consider lagged effects of past warnings





Intercept and Follow-up Surveys
Intercept survey

N = 4,239

86% resp rate

• Intercept: followed a stratified sampling plan (month, weekday/weekend, region strata), 
randomized shift times and beach sequences (Taurangeau et al. 2017)

• Collected time on site, purpose, party size, Zip code, age, education, E-mail



Intercept and Follow-up Surveys
Intercept survey

N = 4,239

86% resp rate

Online follow-up

N = 1,067

47% resp rate

• Intercept: followed a stratified sampling plan (month, weekday/weekend, region strata), 
randomized shift times and beach sequences (Taurangeau et al. 2017)

• Collected time on site, purpose, party size, Zip code, age, education, E-mail

• Follow-up: developed following best practices for stated preferences (Johnston et al. 2017)



Intercept and Follow-up Surveys
Intercept survey

N = 4,239

86% resp rate

Cognitive interviews & Pilot

N=205*

Online follow-up

N = 1,067

47% resp rate

*  Survey testing with eligible beachgoers  
• N=14 via focus groups
• N=15 via one-on-one cognitive interviews 
• N=176 pilot via MTurk using 2-stage survey



Intercept and Follow-up Surveys
Intercept survey

N = 4,239

86% resp rate

Beach visits economic
demand system

Cognitive interviews & Pilot

N=205*

Online follow-up

N = 1,067

47% resp rate

Choice experiment for 
demand shift



Choice Experiment
(trade-off questions)

Online follow-up survey

• 5 trade-offs per respondent

• Vary the attributes across 
questions & respondents

• Developed using multiple rounds 
of cognitive interviews & pilot 
survey following best practices 
(Johnston et al. 2017)





Few visit during a 
HAB, but some do.
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Few visit during a 
HAB, but some do.

1 day after HAB 
warning is lifted, 
visitation rises, but 
not fully.

After 6 days visits 
are mostly, but not 
fully, recovered



After lifting a 
bacterial warning:

• visitation pattern 
is similar to HABs

• exhibits slower 
recovery after 
warning



Results mean…

• Significant aversion to sites with 
HAB or Bacterial warning

• Aversion persists, but declines 
with time since warning lifted

• Ignoring stigma effect understates 
losses by 33% to 40%



Part 2

Trips are affected    … but what about the economic losses?

Contact Lupi@msu.edu for draft paper

mailto:Lupi@msu.edu


Economic method: Estimated beach visitation demand models  
for each of the 28 beaches

• Demand models allow 
us to quantify benefits 
to beachgoers

• Warnings shift demand 
curves

• Fewer trips means lost 
value to beachgoers       
& 
lost tourism revenues



Demand system: Baseline trips from intercept survey

Pro:  Considered more reliable than “off-site” recall surveys  (English et al. 2018;     
Tourangeau et al. 2017; Leggett 2017)

Con: On-site sampling is endogenous sampling  ( Englin and Shonkwiler 1995, Moeltner and 
Shonkwiler 2005, Landry et. al 2016, Hindsley et. al 2011)

Solution: Use intercept design weights to estimate trips from each origin zip to each 
site  (von Haefen et al. 2022; Tanner and Lupi, 2023) 

• 999 origin zips, 28 sites



Go from on-site sample weights to trips

• Trip estimation using design weights (inverse probabilities of intercepting person i) 
from sampling plan (Leggett 2017).

Share of days at site 
j sample in stratum h

Share of time 
visitor on beach

Share of visitors 
interviewed at j in h

Share of people there 
for recreation



Baseline demand model specification

• Repeated Nested Logit with 29 alternatives, 
28 sites, j, and “No trip”, j=0

• Site Utilityzj = f(travel costszj, fixed effectj, εzj)

• No-trip Utility = f(DemographicsZ, εz0)

Nested logit structure



 







Economic impact of 2019’s warnings on visitors & economic activity

• Impact on economic value to visitors
• Total seasonal losses to beachgoers in 2019: $8.1 million

• 26% attributable to HABs; 74% to bacteria

*   All results apply only to June thru August season
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Economic impact of 2019’s warnings on visitors & economic activity

• Impact on economic value to visitors
• Total seasonal losses to beachgoers in 2019: $8.1 million

• 26% attributable to HABs; 74% to bacteria

• Present value losses to beachgoers $405 million

• Impact on local economies 
• Lost economic contribution of $22.2 million

• Present value losses to beachgoers & local 
businesses is $1.5 billion

*   All results apply only to June thru August season



Results summary 

• Significant aversion to sites with HAB or Bacterial warning

• Aversion persists, but declines with time since warning lifted

• Ignoring stigma effect can understate losses by 40%

• HABs in news more but damages from bacteria larger

& thanks to



Clarifying Notes

HAB warnings are not causing damages!

HAB warnings allow beachgoers to adapt and reduce damages
• Don’t go at all
• Go to a different beach
• Go to beach with warning, but avoid water…

But there may be health effects for those that do still go – our numbers 
have not quantified that.

& thanks to



thanks
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