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Introduction

Maine is fortunate in being a water-rich state with extensive surface water and groundwater resources. These
water resources are essential to the regional economy in terms of energy generation, water supply, agriculture,
tourism, industry, and ecosystem services. The state is not without water resource concerns due to flooding,
sea-level change, urbanization, stormwater, endangered aquatic species, harsh winters, and natural
contaminants such as arsenic in drinking water. The Maine Water Resources Research Institute (WRRI) is the
primary independent source of water resources research in the state. Situated in the Senator George J. Mitchell
Center for Sustainability Solutions (Mitchell Center), there is an important focus on resource sustainability. It
is our mission to facilitate the process to identify, understand, and seek solutions to water resources problems
facing Maine citizens using research that is interdisciplinary, stakeholder-engaged, and solutions-driven.

During the FY 16 period, the Maine WRRI supported two research projects: 1) Assessing the Vulnerability of
Maine’s Drinking Water Resources to Extreme Precipitation Events and; 2) Mining in Maine: Exploring
Public Perceptions. The Maine WRRI also supported an information transfer project, Vernal Pools for ME,
along with additional information transfer activities including the Maine Sustainability and Water Conference,
the Northern Maine Children’s Water Festival, and a weekly speaker series.

These projects directly supported four graduate students (2 Ph.D., 2 M.S.) and four undergraduate students.
The Mining in Maine project also provided an opportunity for 40 undergraduate students and nine graduate
students to participate in a service learning project as part of their SFR479 coursework (Environmental
Attitudes and Behaviors). Students enrolled in the course supported instrument development, conducted
descriptive data analysis for the pilot online survey results, and gave an oral presentation of preliminary
findings.

The federally authorized Maine WRRI provides fundamental and essential functions, which would not exist
without explicit Congressional re-authorization and appropriations. The federal money that supports the
Maine WRRI is highly leveraged with funds provided by other granting agencies, stakeholders, universities,
and researchers. In order to identify the most relevant projects for funding, a review committee representing
the Mitchell Center, the USGS New England Water Science Center, and other relevant experts assess
proposals for relevance to the program’s mission, vision and objectives. The WRRI Co-Directors consult with
members of the Research Advisory Committee to make final award selections.

Maine WRRI Co-Directors David Hart and John Peckenham also serve as the Director and Associate
Director, respectively, of the Mitchell Center, which provides the administrative home for the Maine WRRI
and helps increase the breadth and accessibility of water resources research in Maine.

The Mitchell Center was the recipient of a five-year, $20 million NSF RII Track 1 EPSCoR grant from the
National Science Foundation. This grant fostered a multi-institutional interdisciplinary research network
across the state that continues to create collaborative research opportunities for faculty and students across a
wide variety of projects. The Mitchell Center has also received two $6 million, NSF EPSCoR RII Track 2
awards both focused on water resource issues. The first project on Safe Beaches and Shellfish concluded in
fall 2016. This project was a collaboration with the University of New Hampshire and four other institutions
in Maine and New Hampshire. Several decision-support tools have resulted from this project and are in the
final stages of development before being implemented by the Maine Department of Marine Resources and the
Maine Healthy Beaches Program. The second Track-2 FEC project, “Strengthening the scientific basis for
making decisions about dams: Multi-scale, coupled-systems research on ecological, social, and economic
trade-offs,” includes five partner institutions, including the University of New Hampshire, University of
Rhode Island, and Rhode Island School of Design. The team of 19 faculty, 2 postdoctoral fellows, and 21
graduate students conducts stakeholder-engaged, solutions-driven, interdisciplinary research to examine the
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complex tradeoffs associated with alternative management decisions about dams (e.g. relicensing hydropower
dams, removing obsolete dams, enhancing fish passage). Drawing from diverse disciplines, the team uses a
wide range of innovative tools (e.g. fish survival analysis, production possibility frontiers, dam failure risk
assessment, multi-criteria decision analysis, biogeochemical budgets, negotiation simulation, media discourse
analysis, participatory systems dynamic modeling) to develop decision-support tools for government, the
private sector, and non-governmental organizations.

The Mitchell Center also provides annual seed funding for sustainability projects based on a competitive,
peer-reviewed process. One currently funded water resource-linked project engages citizen scientists to
evaluate the potential for water quality decline in Maine lakes. The project is conducting a focused study of
lakes to develop a lake Vulnerability Index that combines both stakeholder engagement parameters and
physical indicators to predict which lakes are more susceptible to deterioration in water quality.

The annual Maine Sustainability & Water Conference was held on March 29, 2016 and continues to be a
leading regional event for the water resources community. Research supported by the Maine WRRI is
prominently featured at the conference. The 2016 conference attracted over 350 registrants. The number of
people and organizations who support and contribute to the conference reflects the importance of water in the
state. Through the hard work of Mitchell Center staff, the Conference Steering Committee, and other key
supporters, we are able to address the important water issues in Maine and to bring together diverse interest
groups. The conference schedule provides ample time for networking; an important resource for participants
working in a large and diverse rural state.
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Research Program Introduction
Research Program Introduction

The Maine WRRI supports research, information transfer projects, and seed grants using Section 104b funds.
Grants funded under Section 104b deal with important aspects of Maine's highly-valued water resources.
Projects are awarded on a competitive basis using a two-stage selection process.

The Maine WRRI issued a call for pre-proposals in spring 2015. Seven pre-proposals were received and were
initially reviewed by a panel of relevant experts. Based on this review, four of the investigators were invited to
submit full proposals. Shortly after this decision was made, one of the proposals was withdrawn. Three full
proposals were received in fall 2015 and were reviewed by the same panel of relevant experts. Reviewers
assessed the proposals for relevance to the program’s mission, vision and objectives. WRRI Co-Directors
consulted with members of the Research Advisory Committee to make final award decisions. All three of the
submitted full proposals (2 research, 1 information transfer) were selected to receive funding.

Preference is given to support innovative projects that focus on the sustainability of Maine’s water resources
with research that is interdisciplinary, stakeholder-engaged, and solutions-driven. We also strongly encourage
projects that are led by early career faculty, have significant student involvement, and involve researchers at
small colleges and universities across the state. Investigators are encouraged to collaborate with state and
federal agencies and to seek additional contributions for their projects.
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Assessing the Vulnerability of Maine’s Drinking Water
Resources to Extreme Precipitation Events

Basic Information

Title: Assessing the Vulnerability of Maine’s Drinking Water Resources to Extreme
*[Precipitation Events

Project Number:|2016ME319B

Start Date:(3/1/2016

End Date:[9/30/2017

Funding Source:|104B

Congressional
District:

Research Category:|Climate and Hydrologic Processes

Focus Category: |[Climatological Processes, Ecology, Economics

Descriptors:|None

Principal

. Jasmine Saros
Investigators:

Publication

1. Warner, K.A., Saros, J.E., and Teisl, M.F. Investigating the ecological response and economic
vulnerability of Maine’s drinking water resources to extreme precipitation events. Poster presentation.
Maine Sustainability and Water Conference, March 30, 2017, Augusta, Maine
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USGS 104b (WRRI) Investigator Annual Report

Project Title: Assessing the Vulnerability of Maine’s Drinking Water Resources to Extreme
Precipitation Events

Principal Investigator: Dr. Jasmine Saros, Climate Change Institute, University of Maine, 137
Sawyer Research Center, Orono, ME, 04469; 207-581-2112; jasmine.saros@maine.edu

Co-Project Investigator: Dr. Mario Teisl, School of Economics, University of Maine, 207
Winslow Hall, Orono, ME, 04469; 207-581-3162; teisl@maine.edu

Graduate Student Investigator: Kathryn Warner

1. Project Summary

Water quality in Maine is being threatened by a rapidly changing climate. The Northeast has
experienced a 60-70% increase in extreme precipitation events since 1950 (Madsen and Figdor
2007; Spierre et al. 2010). At present, the extent to which changing precipitation is altering the
water quality of Maine’s lakes is unclear, making it difficult to determine whether management
strategies will need to be modified to sustain drinking water quality.

Lakes are an integral part of Maine’s landscapes and communities, and approximately half of the
high quality drinking water in Maine comes from 46 lakes across the state. Recent research
suggests that average annual concentrations of dissolved organic carbon (DOC) increased in
Maine lakes during extreme wet years. In Maine lakes that serve as drinking water sources,
scientists and water district managers have identified algal blooms, taste and odor problems, and
harmful by-products as some of the problems created by rising DOC concentrations. Currently,
however, the extent to which storm events are altering DOC and consequently the biota of
Maine’s lakes is unclear. Furthermore, little is also known about the economic costs associated
with these potential changes in water quality, which pose health threats and expensive
remediation strategies.

These extreme precipitation events, and subsequent increases in DOC, pose threats to aquatic
habitats and drinking water quality; these changes will increase water treatment costs, and
impose other economic losses (lost property tax revenues, lost economic activity) on
communities. DOC concentrations are expected to increase in boreal lakes by as much as 65% as
a result of climate change effects on terrestrial ecosystems (Larson et al. 2011) therefore
understanding the ecological and economic implications are critical. Local stakeholders,
particularly water treatment managers, have identified that DOC is a growing concern. For
example, in the recent past, algal blooms have occurred in Chases Pond in York, ME following
extreme rain events. The York Water District speculates that these blooms are a result of
increased DOC from rain events. Additional water districts have also observed increased algae
and have expressed concern about changes in DOC due to the relationship with disinfection by-
products. The participating water utilities in this study do not have data to identify how storms
are influencing the lakes and welcome help in addressing the issue of extreme rain events and



DOC. A better understanding of the effects of extreme precipitation events on Maine lakes is
important as impaired drinking water quality, weakened aquatic habitats, and a loss of lake
aesthetics may have significant negative impacts not only on the lakes, but communities relying
on these lakes for drinking water, recreation, and tourism. Research conducted for this project,
and the collaborations with local stakeholders has identified how a subset of Maine lakes are
responding to storm events and what that may mean for the quality of the water and subsequent
water treatment costs. This research has allowed us to assess the vulnerability of drinking water
sources to extreme precipitation events as well as evaluate future vulnerability of additional
Maine drinking water sources.

2. Problem and Research Objectives

Increasing DOC and its subsequent biological effects have important implications for drinking
water quality. Drinking water utilities are growing increasingly concerned as increases in DOC
correlate to increases in disinfection by-products (DBPs) (Van Leeuwen et al. 2005; Uyak and
Toroz 2007). DBPs as well as increased levels of complexed heavy metals and adsorbed organic
pollutants are all problems created by a rise in DOC concentrations in drinking water (Matilainen
2010). DOC also provides carbon sources to mixotrophic algae, including chrysophytes. Some
chrysophyte algal blooms contribute to taste and odor problems in drinking water sources
(Nicholls and Gerrath 1985; Nicholls 1995).

Several drinking water utilities have expressed concern over increases in DBPs and are
beginning to realize and understand the relationship between changing DOC and DBP
concentrations (Zhang et al. 2008; Bond et al. 2014; Ritson et al. 2014). Drinking water
resources exempt from filtration are beginning to understand with more frequent storms and
subsequent increased DOC in aquatic ecosystems, this exemption from filtration may change and
could pose high economic costs. Additionally, alteration to existing filtration could also result in
high economic costs. Overall, these costs are not well documented but pose health threats as well
as extremely expensive remediation strategies. Since permitting, financing, and construction take
time, understanding the pace of this growing threat helps communities make better water
management decisions.

The extent to which storm events alter DOC in Maine’s lakes is unclear, yet is highly relevant to
drinking water treatment. At present, we lack the high temporal resolution data needed to better
understand the scope of the problem in Maine. The overall objective of our research was to
assess the ecological and economic vulnerability of Maine’s drinking water lakes and the
communities dependent on these resources to extreme precipitation events and subsequent
increases in DOC. Specific objectives included:

1.) quantifying immediate changes in drinking water lakes from extreme precipitation events
through measurement of key water quality metrics (DOC quantity, DOC quality,
nutrients, algal biomass and community structure) pre- and post-storm;

2.) translating the above changes in water quality into economic losses, primarily the costs to
maintain drinking water quality through filtration and/or treatment infrastructure.



3. Methodology

This study focused on a set of 6 lakes that serve as drinking water sources. Standard field and
laboratory methods were used to investigate lake water quality. Cost and valuation economics
will be used to translate changes in water quality into potential costs to maintain drinking water
quality. This project has been and will continue to be conducted by PhD student Kathryn
Warner.

Lakes were selected based on morphometric and initial baseline chemical data as well as
location, demographics and size of population served. The representative 6 lakes are distributed
across the state of Maine to account for differences in climate and precipitation across the state.
Variation in lake size and volume across the 6 lakes has allowed us to investigate how water
resources of varying sizes respond to storm events and understand how costs may differ.
Surrounding landscape, including wetlands, impervious cover and land uses, will also be
assessed to identify potentially important land use affecting response to storm events. The
surrounding populations are of varying size and economic status. We accounted for water
sources that serve a large portion of Maine’s population and also sources that might not have as
many resources to implement adaptation strategies in order to identify how immediate action
may differ and, in the future, allow us to understand long-term implications for different types of
communities.

Objective 1: The selected 6 drinking water sources were sampled 24 hours before, 24-48 hours
after and 5-7 days after an extreme precipitation event. Raw water was collected from the intake
at each water utility to provide consistency, and this is the most relevant for water treatment and
implications of extreme storm events on drinking water treatment.

Our measurements focused on DOC concentration and quality as well as phytoplankton
community structure, as these are all the variables of primary concern for treatment as well as
taste and odor problems. Using filtered water samples, DOC concentrations were analyzed on a
Shimadzu TOC analyzer and DOC quality was assessed by measuring dissolved absorbance
properties from 200-800 nanometers using a UV-VIS spectrophotometer. Whole water samples
were preserved with Lugol’s iodine solution for analysis of phytoplankton community.
Phytoplankton will be identified to species on a Nikon TS-100 inverted microscope, with a
minimum of 200 individuals counted per sample. We also measured nutrient and chlorophyll a
concentrations to identify nutrient fluxes and changes in algal biomass that may occur as a result
of storm events. Nutrients measured include total phosphorus, total nitrogen, nitrate, and
ammonium.

To assess relationships between pre- and post-storm events in lakes, data will be analyzed using
repeated measures analysis of variance. This will test for significant differences in pre- and post-
storm events by evaluating the equality of the means. A significance level of p < 0.05 will be
used and the Greenhouse-Geiser correction will be used to test for the assumption of sphericity.
Post hoc analysis will be conducted using a Bonferroni correction to correct for multiple
comparisons.



Objective 2: The primary costs to measure are those aimed at maintaining communities’
drinking water quality through the use of filtration or other technologies/approaches. Data
collection to identify costs of improving or implementing filtration and/or treatment will follow
the Delphi Method; i.e., we will interactively survey water quality experts (e.g., water utility
personnel, members of the Maine Water Utilities Association, water quality engineers, firms
designing and selling water treatment and filtration systems, and others working on the issue of
maintaining drinking water quality) to determine best estimates for appropriate systems to
maintain water quality along with the costs of designing, implementing, maintaining, and
operating the systems. These surveys will allow us to understand the range of options available
to maintain water quality and the respective costs.

Economic losses due to any decline in lake-water-quality will be calculated for each of the 6
lakes by combining information from a regression model (based on a recent meta-analysis of
lake water quality studies) with lake and region characteristics. Variables in the model that
influence estimated losses include: the starting water quality, the change in water quality, the
region, and the size of the lake. Given that the problem (impacts from climate change) and the
solution (building and financing infrastructures) have relatively long time horizons we will need
to take into account both immediate and long-term losses, requiring the analysis to bring future
losses into current dollar terms (i.e., calculate net present value of the stream of losses). As part
of the sensitivity analysis we will vary the timeframes, discount rates, and possible population
projections.

4. Principal Findings and Significance

A primary sustainability issue related to this research is how to identify, sustain, conserve, and
protect Maine’s high quality drinking water. This research addresses a relevant piece of this large
issue by understanding the ecological and economic implications of climate driven changes on
drinking water resources. The solution to this issue is complex in that both the ecological health
of the ecosystem must be preserved and the economic impacts must be minimized, while
allowing the economy to benefit from the water resources. The results of our research aim to
address this solution.

Results evaluating the ecological response of the lakes suggest this research will provide data to
assist water districts in future water quality management. The response of the lakes when
comparing the different variables to one another (i.e. DOC versus nutrients or chlorophyll a) is
variable. However when we evaluate the response of each lake to DOC three patterns of response
emerge, an immediate spike in DOC concentrations followed by a return to pre-storm levels, a
sustained increase in DOC over the sampling period, and no change in DOC. DOC quality
metrics are influenced by seasonality and are more variable but, dependent on the DOC quality
metric analyzed, illustrate consistent responses to that of DOC concentration. All nutrients
evaluated in this study show little to no change over the course of the storm events and
chlorophyll a responds inconsistently across lakes and storms. This gives us insight into specific
water quality changes that we will be able to translate into costs for drinking water utilities.
Economic analyses will be conducted over the summer 2017, therefore solutions have not yet
been implemented however the relationships formed with stakeholders, primarily water district



managers, will allow for collaborative development and implementation of adaptation and
management strategies.

The researcher-stakeholder relationships have been fundamental to the success of this study.
Water district managers of the 6 study lakes have been involved in all processes of the research
and made it possible to collect a valuable dataset of information from which to evaluate the
response of drinking water resources to extreme precipitation events and subsequent increases in
DOC. Water district managers collected storm water samples and shipped them to the University
of Maine for analysis. This allowed for successful collection of samples from multiple lakes at
the same time points, which would not have been possible otherwise.

This research has positioned us well for future funding and partnerships. The data and
knowledge acquired from the study itself continue to build on our previous research about DOC
and extreme precipitation events. With the information gained from this study we have tangible
results that can be used to explain potential implications of climate on drinking water resources
with water districts so that they can better understand and prepare for changes that may occur in
the future. These same results and current partnerships will allow us to expand our partnerships
within the state and from there consider other regions outside of Maine that will experience
similar climate changes and work with these new partners to evaluate how their particular water
source will respond to extreme storm events.
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Student support:
Kathryn Warner, Ph.D, Ecology and Environmental Sciences

Participation in this research for Kathryn is directly related to progression and to eventual
completion of her dissertation, thus aiding in academic goals as well as career goals post
graduation. The nature of this research is applied and engages several stakeholders in
order to be successful. This puts Kathryn into a unique networking opportunity where she
was able to contact various drinking water utilities to collect lake water samples and
explain the research question we are trying to address. This experience has allowed
Kathryn to network and pursue applied research that is directly relevant to her career
goals. Participation in this research has allowed Kathryn to keep her career options open
while pursuing applied research. Kathryn learned to communicate her research to
stakeholders and scientists as well as collect a large data set of information from several
Maine water resources to be analyzed and communicated back to the relevant water
districts. This experience assisted Kathryn in developing these skills necessary to complete
this project. Kathryn engaged with several water district managers, which allowed her to
modify what important metrics should be measured and would be most relevant and useful
to the respective water districts. This improved her perspective on project development
and ways to engage stakeholders in scientific research. Working with both an ecologist and
economist allowed Kathryn to have multiple outlooks on ways to conduct research and
understand various viewpoints when approaching a research problem. This was beneficial
when engaging with stakeholders with different knowledge bases, and allowed Kathryn to
better explain the research problem and relate ecological data to potential policy and
management concerns.
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