As ahost of various types of recreational activity, Lake Champlain has become a prominent tourist loca-
tion and source of revenue for Vermont. High phosphorus loadings in the Lake, however, have increased
its vulnerability toward having toxic blue-green algae blooms (Watzin etal.). With tourism as an important
aspect of Vermont’s economy, it 1s hypothesized that poor water quality will have a negative impact on
revenues generated from touristic and recreational activities in ornear Lake Champlain. Tounderstand the
Lake’s contribution to Vermont’s economy would require amarket benefit valuation. When implementing
such astudy itis important to note the challenges associated with it; for example, individuals participating
in recreational and touristic activity on or around the Lake are engaging in various forms of economic
activity. Some individuals may visit for sailing, bikeways, fishing derbies, or the scenic view of the Lake.

Because of the large range of visitors and activities that contribute to Vermont’s economy, it 1s difficult to
provideanall-encompassingeconomicstudybased on Lake Champlain. Withthesechallengesinmind, this
study seeks to determine how muchrevenue is generated from recreational and touristic activity at various
Vermont state and city parks located along Lake Champlain. To understand how the Lake’s water quality
would impact visits to state and city parks, surveys were administered to tourists and individuals engaging
in recreational activity at different park locations. These short surveys asked basic questions about tour-
ist/ recreational activity and posed different water quality scenarios to assess potential changes in visits.

Modeling Revenues and Chlorophyll-a Concentrations

To determine how much lake-based revenue is generated from touristic and recreational activity,
Vermont State Parks located along/ on the Lake were chosen for this study. The parks sales and service
manager for Vermont State Parks was contacted to provide the revenues generated from visits to the
13 park locations from 2008 to 2013. To see if there was a relationship between the yearly average
revenues generated at each park and the water quality, the revenues were modeled with the average
chlorophyll-a concentrations. The data collected on the chlorophyll-a concentrations was obtained
from the Lake Champlain Long-term Water Quality and Biological Monitoring Project, and the
Lay Monitoring Water Quality Data from the Lakes & Pond Management and Protection Program.

Survey Design and Water Quality Index

To understand how tourist behavior will change in response to the fluctuating water quality of Lake
Champlain, short surveys were administered at different park locations. The first half of the survey
requested basic information regarding miles traveled, visits to the parks per year, and travel expenses
for each visit. The second half of the survey focuses on potential changes in visits per year based on
different water quality scenarios that occur in Lake Champlain. Using the Algae Bloom Intensity
scale from the Lake Champlain Committee, a water quality index was created. The index used for
this study had three different categories depicting various water quality conditions that occur on
Lake Champlain. For the survey, each participant was presented with these categories and asked to
determine if their average visits to parks along the Lake would change in response to the water quality.

This is a map of the Lake Champlain Long-term Water Quality and Biological Monitoring Project’s
testing site locations in relation to Vermont park Locations along/ on Lake Champlain.

Pike River

Great Chazy River il ¥ Rock River

Missisquoi River

Little Chazy River
y Jewett Brook

Staven s Brook
Mill River
Saranac River

Salmon Riven Lamaille River

Little Ausable River

YWin ooski River

Ausable River b1
16

Bouguet River La Platte River

ewls Craak

Lite Otter Creak

Pumam Creek

Sampling Station s
® Lake Site

B Tributary site
2 M-

For 2008 to 2011 the chlorophyll-a concentrations were averaged for each year using

data from the Lake Champlain Long-term Water Quality and Biological Monitoring
Project and the Lay Monitoring Water Quality Data. Years 2012 and 2013 were omitted
due to lack of data.
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The missing average chlorophyll-a concentration for Alburg Dunes is
due to the lack of data collected for testing site Northeast Arm 29 for Lay

Monitoring Water Quality Data.
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The missing average chlorophyll-a concentration for Sand Bar is due
to the lack of data collected for testing site Northeast Arm 31 for Lay

Monitoring Water Quality Data.

2011 Average Revenues and Chlorophyll-a Concentrations for
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The missing average chlorophyll-a concentration for North Hero is
due to the lack of data collected for testing site Northeast Arm 22 for

Lay Monitoring Water Quality Data.

*Category lc served as the control for unimpared water quality conditions in Lake
Champlain. There were no changes in visits for each of the survey participants for this

category.
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*Category la: brown and turbid with low visibility throughout the
water column. Little to no blue-green algae.
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*Category 2: Blue-green algae present, but less than ‘bloom’ level-
enjoyment of the water 1s slightly impaired.
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*Category 1b: other materials present in the water. Small bright
mustard yellow (pollen) or grass green (duckweed particles). Algae
attached to rocks or lake bottom.
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*Category 3: full Blue-green algae bloom in progress. Continuous
layer of algae throughout the water column.

 The results of the regression analysis to determine the relationship between 2008-2011 av-
erage revenues and the associated chlorophyll-a concentrations revealed a p-value of 0.13
for the overall data. This p-value 1s insignificant and suggests there 1s not enough evidence
to reject the null hypothesis that the average chlorophyll-a concentration at each park had
a negative impact on revenues generated from recreational and touristic activities. Exam-
ination of the p-values for each year revealed that they are each higher than 0.13 (e.g. 2008
p-value 1s 0.74). The low statistical significance could mean there 1s no actual relationship
between revenues and chlorophyll-a concentrations at each park—the results could be due
to randomness or other outside factors.

» The R?is 0.06, indicating that only 6.0% of the total variation in revenues is explained by
the variation in chlorophyll-a concentrations. The R? is not high enough to indicate a rela-
tionship between average annual revenues for Vermont State Parks on or along Lake Cham-
plain and average chlorophyll-a concentrations at each location.

* The results from the surveys show that changes in visits to Lake Champlain are a factor of
miles traveled and water quality conditions. In each category (except for category 1¢) indi-
viduals who traveled the farthest distance had a higher frequency of changes in visits. Sur-
vey participants who lived in Vermont or in a nearby state had a lower frequency of changes
in visits when presented with the water quality conditions depicted in category 1a through
category 2. In the case of category 3, only a few individuals traveling less than 5 miles indi-
cated that they would have little to no changes 1n visits to the Lake. I conclude that though
there 1s no significant relationship between the average annual revenues and chlorophyll-a
concentrations at the 13 state park locations, the survey results indicate that the water quality
of the Lake 1s a factor that people participating in touristic and recreational activity consid-
er. To gain a comprehensive understanding of Lake Champlain’s contribution to Vermont’s
economy, and determine the impact its water quality may have on revenues generated from
lake-based tourism and recreational activity, requires a statewide multi-year study.

“Algae Bloom Intensity - LCC.” Lake Champlain Committee News. Lake Champlain
Committee, n.d. Web. <http://www.lakechamplaincommittee.org/get-involved/volunteers/
bga-monitors/algaebloomintensity/>.

“Lake Champlain Long-term Water Quality and Biological Monitoring Project.” Vermont
Lake Water Quality Reports. Watershed Management Division of the Vermont Department
of Environmental Conservation, n.d. Web. <https://anrweb.vermont.gov/dec/dec/LongTer-
mMonitoringLakes.aspx>

“Lay Monitoring Lake Water Quality Data.” Vermont Lake Water Quality Reports. Water-
shed Management Division of the Vermont Department of Environmental Conservation,
n.d. Web. <https://anrweb.vermont.gov/dec/dec/LayMonitoring.aspx>.

Smeltzer, Eric. “Phosphorus Management in Lake Champlain.” Ed. Thomas Owen Man-
ley. Lake Champlain in Transition: From Research toward Restoration. Ed. Patricia Lee.
Manley. Washington, DC: American Geophysical Union, 1999. 435-51. Print.

Watzin, Mary, and Angela Shambaugh. “Algae News: The Blue Green Blues.” University
of Vermont, 2000. Web. <http:// www.uvm.edu/~empact/water/bluegreen.php3>

I would like to thank the VT EPSCoR Center for Workforce Development and Diver-
sity for this research opportunity. I would also like to thank Lindsay Wieland, Asim
Z1a, Ahmed Hamed, Steve Scheinert, Sarah Mittlefehldt, Erin Moreau, Rochelle Skin-
ner, Bethany Sargent, Michael Moser, Lake Champlain International, the Vermont De-
partment of Forests, Parks and Recreations, the Lake Champlain Committee, Bur-
lington Parks and Recreation, and the Watershed Management Division Lakes and
Ponds Program, and the Vermont Department of Fish and Wildlife for their assistance.

u Research on Adaptation

g to Climate Change

e AN

VERMONT

EPSCOR

1
i

s,

The University of Vermont

Vermont EPSCoR

&= cwbb

Center for Workforce Development & Diversity

AT SAINT MICHAEL'S COLLEGE

. .

GREEN MOUNTAIN COLLEGE

Funding Provided by NSF Grant EPS- 1101317



