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Big Picture

• Coastal waters have issues:
• Nutrients and eutrophication
• Bacteria
• PFAS, PCBs

• Policies to address them:
• NPDES
• TMDLs
• Stormwater (MS4)
• Green Infrastructure
• Superfund
• Beach closure programs

• No recent studies of economic 
value of recreation and water 
quality in the region



EPA ORD’s 
Research Efforts

1. Estimating visitation
2. Estimating values per 

visit and values for 
changes in WQ

3. Combining with water 
quality data to evaluate 
policies or programs

https://www.epa.gov/water-
research/human-dimensions-water-
quality-research

https://www.epa.gov/water-research/human-dimensions-water-quality-research


Past Research

Binkley and Hanemann (1978)-
Boston Area

Parsons and Firestone  (2018) –
US East Coast

Bockstael, Hanemann and Strand 
(1989)- Chesapeake BayMcConnell (1986)- New Bedford

Parsons, Massey and Tomasi (1999)- Mid 
Atlantic

Stefanovia (2009)- Mid Atlantic

Parsons et al. (2013) - Delaware

Hilger and Hanemann (2008) – California

Lew (2002) – San Diego

Leggett et al. (2014) – Southern California

Whitehead et al. (2018) – Northwest Florida 

Glasgow and Train (2017) – Gulf Coast

English et al. (2018) – Gulf Coast
v

Efimova (2019)

Opaluch et al. (1999)- Long Island

New England Mid-Atlantic

Gulf CoastCalifornia



Research Gap

• Recent non-market values for 
multiple water recreation 
activities (not just fishing)

• Recent values for New England as 
a function of water quality

• Nutrient impacts
• Remote sensing 

• Flexible choice set
• Not just beaches

• Water quality perceptions
• Sense of Place



New England Coastal Recreation Survey

• Web and Mail Survey
• Conducted in summer of 2018 
• Mailed to 9,520 households in New England

• 1,437 responses (16% response rate)
• Oversampled for Cape Cod

• Not limited to specific beaches / access points
• Mapping functionality (and write-in for paper surveys) to capture 

any water access point
• Aim is to capture a range of water quality and activities

• Information collected
• Recreation participation and effort
• Last trip profiles (single day and overnight)
• Water quality perceptions
• Sense of place
• Demographics



New England Coastal Recreation Survey



Summary Stats

N % Households in sample region

2,422,594 71.2% Households in sample region participated in saltwater 
recreation in New England in past 12 months

982,085 28.8% Households in sample region did not participate in past 12 
months

Results extrapolated to population of sampled area using demographic and sampling weights



Summary Stats
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Activities on the shore
Swimming/Body surfing

Wading
Birding/Wildlife Viewing

Kayaking/Canoeing/Rowing
Fishing

Motorboating
Surfing/Boogie boarding

Sailing
Paddleboarding

Shellfishing
Snorkeling

Tubing/Waterskiing
Jet skiing

Scuba diving
Skimboarding

Other
Hunting

Kiteboarding/Windsurfing
Spearfishing

Saltwater activities last 12 months- participants only



Summary Stats

Effort Summary - days per season and per year

Season Mean Total from 
Sample Area 

Spring 9.0 15.9M

Summer 18.8 41.9M

Fall 10.2 18.8M

Winter 3.3 5.1M

Total Year 36.8 83.6M

Notes: 
• Truncated > 95th percentile



Trip Geolocation



• Web responses

• Paper responses
• State
• Town
• Place

Trip Geolocation



• Trip Profiles
• 838 single day trips
• 290 overnight

• Best/Worst WQ
• 881 best
• 801 worst



Last Trip
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Kiteboarding/Windsurfing

Snorkeling

other

Jet skiing

Scuba diving

Paddle boarding

Surfing

Shellfishing

Kayaking/Canoeing/Rowing

Sailing

Birding/Wildlife Viewing

Wading

Motorboating

Fishing

Swimming/body surfing

Activities on the shore

Day Trip Most Important Activity

• 40% went to beaches
• Average 28 miles one way, 

46 minutes
• 4 hours average reported 

on site time

26

11

23

40

Day Trip Water Contact (% of responses)

did not get wet at all Got sprayed

Waded got most or all of my body wet



Travel Cost Model

• Choice set (CT-NH)
• Based on NOAA’s ESI lines
• 15k+ segments
• Connected with BEACON beach 

lines and data

• Matched reported trip 
locations to closest shoreline 
segment

• Water Quality 
• Summarized to the shoreline 

segments and water polygons 
(303d water segments)





• Water Quality Data
• Summarized by 303d 

coastal water units
• Thin coverage!
• Beach closure and 

bacteria sampling
• Remote Sensing

• Clarity (Secchi)
• Maximum 

Chlorophyll Index 
• Other Attributes

• ESI shoreline type
• Impervious surface
• Developed land use
• Sheltered/exposed
• Has rock or docks



Metrics

• Clarity (Secchi depth and k-par) - QAA Lee et al. 
2016

• Chla (Maximum Chlorophyl Index)- EPA Cyan

Space and Time

• 10-30m (Landsat 8 and Sentinel 2)

• Climatological (average summer conditions)



Origin/Destination Routing 

• Travel time and 
distance through 
travel networks

• 1.4k responses x 15k 
shoreline segments= 
20M+ routes



Travel Costs

• Gas and wear and tear:                      
2 x (.55¢ x miles)

• Time:
2 x (1/3 x (income/2080) x hours)

• Travel cost/number of adults on 
the trip



Random Utility Model

• Pick shoreline segment that 
maximizes utility 

• “observable” part of utility can be 
estimated 

𝑣𝑣𝑖𝑖𝑖𝑖 = 𝛽𝛽𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑖𝑖𝑖𝑖 + 𝛽𝛽𝑞𝑞𝑞𝑞𝑖𝑖 + 𝑒𝑒𝑖𝑖𝑖𝑖

• We observe the choice 

𝑦𝑦𝑖𝑖𝑖𝑖 = �1
0

𝑣𝑣𝑖𝑖𝑖𝑖 > 𝑣𝑣𝑖𝑖𝑖𝑖
𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜

• Logit model

𝑝𝑝𝑖𝑖𝑖𝑖 = P 𝑦𝑦𝑖𝑖𝑖𝑖 = 1

𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 𝑝𝑝𝑖𝑖𝑖𝑖 = log(
𝑝𝑝𝑖𝑖𝑖𝑖

1 − 𝑝𝑝𝑖𝑖𝑖𝑖
) = 𝛽𝛽𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑖𝑖𝑖𝑖 + 𝜷𝜷𝒒𝒒𝒒𝒒𝒋𝒋 + 𝑒𝑒𝑖𝑖𝑖𝑖



Logit Model

• Site attributes- 𝒒𝒒𝒋𝒋 :
• BEACON Beach
• Shoreline types
• Has docks, rocks
• Sheltered/exposed
• % Impervious surface
• Clarity (Secchi Depth, m)
• Maximum Chlorophyll Index (MCI)
• Closure history (average per season in last 5 years)

• Individual attributes- 𝒅𝒅𝒊𝒊 :
• Level of water contact x clarity

𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 𝑝𝑝𝑖𝑖𝑖𝑖 = 𝛽𝛽𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑖𝑖𝑖𝑖 + 𝜷𝜷𝒒𝒒𝒒𝒒𝒋𝒋 + 𝜷𝜷𝒅𝒅(𝒒𝒒𝒋𝒋 x 𝒅𝒅𝒊𝒊) + 𝑒𝑒𝑖𝑖𝑖𝑖



Preliminary Results

• Value per-trip per-person (1/−𝛽𝛽𝑡𝑡𝑡𝑡):
• $27

• Marginal effects (𝜷𝜷𝒒𝒒/−𝛽𝛽𝑡𝑡𝑡𝑡):
• Beach: +$35.5
• 1 meter clarity: +$6.1

𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 𝑝𝑝𝑖𝑖𝑖𝑖 = 𝛽𝛽𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑖𝑖𝑖𝑖 + 𝜷𝜷𝒒𝒒𝒒𝒒𝒋𝒋 + 𝑒𝑒𝑖𝑖𝑖𝑖



Example Welfare Changes

• Cape Cod Estuary TMDLs
• Nutrient targets to improve conditions for 

eelgrass

• Assume 1 meter change in clarity for 
associated shoreline segments 

• Assume total trips in population stays the 
same (14.1 million summer trips)

• $13.2M increase in consumer surplus per 
summer season (using logsum approach)

• About $.9 per trip



Next

• Nested and mixed logit 
• Beach vs other shoreline
• Activity then location

• Seasonal demand models
• Linked, repeated RUM

• Water quality variables 
• Bacteria samples 

• Overnight trips
• Connection to visitation 

quantification work



Contact: Merrill.Nathaniel@epa.gov Great Salt Marsh, Barnstable, MA

https://www.epa.gov/water-research/human-dimensions-water-quality-research

mailto:Merrill.Nathaniel@epa.gov
https://www.epa.gov/water-research/human-dimensions-water-quality-research
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