Wastewater Treatment in the Face of a Changing Climate
Held on Thursday, February 8, 2011
Location: Warwick Sewer Authority, 125 Arthur W. Devine Boulevard, Warwick , RI
Audience: WWTF Superintendents and Staff

The CTP and partners held a workshop for wastewater treatment facility operators as well as those
who own and operate satellite wastewater collection systems on the short- and long-term science
and impacts of changing weather patterns and sea level rise due to climate change.
Topics covered at the workshop included observed and future impacts of increased rainfall and
flooding as well as other climate change impacts to RI and supporting science and EPA tools and
resources such as the Climate Ready Water Utilities Program. There was also a facilitated
discussion about how participants think that various effects of climate change might impact their
wastewater infrastructure and what resources they would need to take on climate change adaptation
planning.
Presenters included experts from the RI Energy Office, the National Weather Service's Northeast
River Forecast Center, and EPA Region 1. The workshop was co-sponsored by RI DEM and the
Narragansett Water Pollution Control Association.
For more information please contact jennifer west, CTP coordinator, at jennifer@nbnerr.org , or 401222-4700, x 7413.
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Wastewater Treatment in the Face of a Changing Climate
Tuesday, February 8, 2011, 8:30 a.m. to 12:00 p.m.
Warwick Sewer Authority
125 Arthur W. Devine Boulevard, Warwick, RI 02886
AGENDA

8:00 to 8:30:

Sign-In and Refreshments

8:30 to 8:45:

Welcome and Introductions

8:45 to 9:15:

New Rules and Available Funding for Energy Efficiency at WWTFs
RI Energy Office

9:15 to 9:45:

Observed and Future Impacts of Increased Rainfall and Flooding
Dave Vallee, Hydrologist-in-Charge, Northeast River Forecast Center, National Weather
Service

9:45 to 10:15:

Other Climate Change Impacts to RI and Supporting Science
Jennifer West, Coastal Training Program Coordinator, Narragansett Bay Research Reserve.

10:15 to 10:25: Break
10:25 to 11:00: EPA Tools and Resources: Climate Ready Water Utilities Program
Gina Snyder, Environmental & Compliance Assistance Unit, US EPA Region 1
11:00 to 11:30: Facilitated Discussion
11:30 to 12:00: RI DEM Regulatory Overview
12:00:

Adjourn

Speaker Biographies
David Vallee
David Vallee is the Hydrologist-in-Charge of the National Weather Service’s Northeast
River Forecast Center. The center provides detailed water resource forecasting
information to National Weather Service Forecast Offices and the hundreds of federal,
state and local water resource entities throughout the Northeast and New York. Prior to
becoming the Hydrologist-in-Charge, David served as Science and Operations Officer,
and Hurricane Program Leader at the NWS Weather Forecast Office, in Taunton, MA
from 2001 through 2006, and as Senior Service Hydrologist from 1993 through 2000.
David has extensive experience leading hydrometeorological forecast and warning
operations and directing weather research and training programs. David has conducted
research on a variety of topics including flooding, severe weather forecasting and radar
detection, orographically enhanced heavy rainfall in southern New England, coastal flood
climatology and the behavior and characteristics of New England Tropical Cyclones.
David has served as the NWS lead investigator with the State University of New York, at
Albany, on a multi-year project addressing Land Falling Tropical Cyclones in the
Northeastern United States. This multi-faceted project was aimed at improving the
forecasting of heavy precipitation associated with these land falling tropical cyclones, as
well as developing a better understanding the mechanisms which lead to the recurvature
and rapid acceleration of tropical cyclones as they approach the Northeast. David is a
graduate of Lyndon State College. He is a life long resident of the Rhode Island, living
in the northeast part of Cumberland, with his wife and two sets of twins! He considers it
a tremendous privilege to be serving the people of the very region he calls home.

Gina Snyder
Gina Snyder is an environmental engineer with the US EPA New England Office of
Assistance and Pollution Prevention. The Office helps municipalities, industry, and
institutions understand and meet environmental legal obligations, and also helps the
regulated community find cost-effective ways to go "beyond compliance". In her many
years at EPA, Gina has also served as an enforcement officer in EPA's drinking water,
construction stormwater and hazardous waste programs, and prior to EPA, she worked
for several consulting firms on the west coast engaged in geotechnical assessments and
waste site cleanup. Gina has extensive experience with environmental management
systems and training programs. While working part time at EPA, Gina serves in
numerous volunteer capacities in her town and with her watershed association and is an
elected Town Meeting member and Commissioner on the Board of her Municipal
Electric Department. She has a Masters degree in water resources engineering from the
University of Washington and has a professional engineer’s license from the state of
California. Her Bachelors degree is from right here in Rhode Island, and while it was
great to live on the west coast for a number of years, she’s glad to be living in New
England with her family and providing environmental assistance to the region.

• How do you think various effects of climate change might impact your
wastewater infrastructure?
• What resources would you and your staff need to take on climate change
adaptation planning?
• What assistance would help you communicate climate change science and
adaptation planning with members of your community? And what do you need
from them?
• What overarching questions related to climate change and water resources are
you most interested in getting answers to?
• What parameters would you need to monitor to gauge predicted impacts?
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rom the bluffs of Block Island to the
RHODE ISLAND’S CHANGING CLIMATE
streets of Providence, the climate of
Temperature. Average temperatures across the
Rhode Island is changing. Records show
Northeast have risen more than 1.5 degrees
that spring is arriving earlier, summers
Fahrenheit (°F) since 1970, with winters warmare growing hotter, and winters are be- ing most rapidly—4°F between 1970 and 2000.
coming warmer and less snowy. These If higher emissions prevail, seasonal average
changes are consistent with global warming, an
temperatures across Rhode Island are projected
increasingly urgent phenomenon driven by to rise 7°F to 13°F above historic levels in winter
heat-trapping emissions from human activities.
and 6°F to 14°F in summer by late-century, while
New state-of-the-art research shows that if
lower emissions would cause roughly half this
global warming emissions continue to grow
warming. As in other Northeast states, Rhode
unabated, Rhode Island can expect dramatic Island can expect a large increase in the frechanges in climate over the course of this cenquency of days with temperatures above 90°F
tury, with substantial impacts on vital aspects
over the course of this century, with steep inof the state’s economy and character. If the rate creases under the higher-emissions scenario.
of emissions is lowered, however, projections
show that many of the changes will be far less Precipitation and winter snow. The Northeast
dramatic. Emissions choices we make today—in region is projected to see an increase in winter
Rhode Island, the Northeast, and worldwide— precipitation on the order of 20 to 30 percent.
will help determine the climate our children
Slightly greater increases are projected under
and grandchildren inherit, and shape the con- the higher-emissions scenario, which would
sequences for their economy, environment, and also feature less winter precipitation falling as
quality of life.
snow and more as rain.
The research summarized here describes
Snow is an iconic aspect of Northeast winhow climate change may affect Rhode Island
ters and an integral part of many favorite winter
Rhode Island
and other Northeast states under
two different emissions scenarios.
Migrating State
The higher-emissions scenario asClimate
sumes continued heavy reliance on
Changes in average sumfossil fuels, causing heat-trapping
mer heat index—a measure
emissions to rise rapidly over the
1961–1990
of how hot it actually feels,
course of the century. The lowergiven temperature and
emissions scenario assumes a shift
2010–2039
2010–2039
humidity—could strongly
away from fossil fuels in favor of
affect quality of life in the
2040–2069
clean energy technologies, causfuture for residents of
2040–2069
ing emissions to decline by midRhode Island. Red arrows
2070–2090
century.
track what summers could
feel like over the course
The research also explores acof the century under the
tions that individual households,
higher-emissions scenario.
businesses, and governments in
2070–2090
Yellow arrows track what
the Northeast can take today to
summers in the state could
Higher-Emissions Scenario
reduce emissions to levels consisfeel like under the lowerLower-Emissions Scenario
tent with staying below the loweremissions scenario.
emissions scenario and adapt to
the unavoidable changes that past
emissions have already set in motion.
Photos: (from top) iStockphoto.com/Kenneth C. Zirkel; iStockphoto.com/Myles Dumas; No Credit; iStockphoto.com/Kenneth C. Zirkel; iStockphoto.com/Paul Burney
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activities, but rising temperatures over
the past few decades have caused snow
to become wetter, or more “slushy,” and
decreased the average number of
snow-covered days. Rhode Island could
see its snow season reduced to just a
handful of days per winter month by
mid-century, and virtually eliminated by
late-century. Under the lower-emissions
scenario the state would retain roughly
one week per winter month of snow
cover through this century.
Heavy, damaging rainfall events
have already increased measurably
across the Northeast in recent decades.
Intense spring rains struck the region in
both 2006 and 2007, for example, causing widespread flooding. The frequency
of these events is expected to rise further under either emissions scenario.
Drought. Rising summer temperatures
coupled with little change in summer
rainfall are projected to increase the
frequency of short-term (one- to threemonth) droughts, particularly if higher
emissions prevail. By late-century, for
example, short-term droughts are projected to occur annually under the
higher-emissions scenario (compared
with once every two years, on average,
historically), increasing stress on both
natural and managed ecosystems. In
contrast, little change in drought is
expected under the lower-emissions
scenario.
Sea-level rise. Global warming affects
sea levels by causing ocean water to expand as it warms, and by melting landbased ice. Under the higher-emissions
scenario, global sea level is projected to
rise between 10 inches and two feet by
the end of the century (7 to 14 inches
under the lower-emissions scenario).
These projections do not account for
the recent observed melting of the
world’s major ice sheets—nor the potential for accelerated melting—and
may therefore be conservative. However, even under these projections, the
Ocean State faces a substantial increase

in the extent and frequency of coastal
flooding, erosion, and property damage.

IMPACTS ON HUMAN HEALTH
Heat was the United States’ leading
weather-related killer in 6 of 10 recent
years (between 1993 and 2003). More
intense summer heat waves and deteriorating air quality caused by global
warming will increase the risks of many
health problems.
Extreme heat. While Rhode Islanders
are accustomed to the occasional summer heat wave, the number of very hot
days in large cities (where the urban heatisland effect can amplify temperatures)
is expected to increase significantly,
particularly under the higher-emissions
scenario. By late-century, for example,
neighboring cities like Boston and Hartford could experience roughly 25 days
over 100°F every summer under the
higher-emissions scenario, compared
with roughly seven such days under
the lower-emissions scenario.
Very hot days are not only unpleasant but also dangerous. As the number
of these days increases, so does the risk
of heat stress, heart attack, and even
death. The state’s larger cities such as
Providence, Cranston, Warwick, and
Pawtucket will need to prepare for an
increase in dangerously hot conditions
by taking steps (e.g., installing better
insulation, establishing heat warning
systems and cooling centers) that will
lessen the impact of extreme heat on
vulnerable populations.
Air quality. Air pollution from groundlevel ozone and other components of
smog is a serious concern across much
of Rhode Island. From 2001 to 2005, the
average summer in Rhode Island included nearly 11 days that did not meet
U.S. Environmental Protection Agency
(EPA) air-quality standards for groundlevel ozone, putting additional stress
on people with cardiovascular and respiratory diseases. In the absence of
more stringent controls on ozone-

forming pollutants, the number of
days with poor air quality in cities like
Providence could quadruple under the
higher-emissions scenario. Under the
lower-emissions scenario such days
could increase by half.
Higher temperatures and increasing levels of plant-stimulating carbon
dioxide (CO2) in the air are also expected
to accelerate seasonal pollen production in plants over the next several decades under the higher-emissions
scenario. This could extend the allergy
season, increase asthma risks, and exacerbate symptoms for both urban and
rural residents of Rhode Island.
Vector-borne disease. Mosquitoes and
ticks carry West Nile virus and Lyme disease-causing bacteria, respectively,
and spread them to animals and humans. Factors affecting vector-borne
diseases are complex; however, projections for the Northeast of warmer winters, hotter summers, and more frequent
summer dry periods punctuated by
heavy rainstorms are the same conditions that can set the stage for more
frequent West Nile virus outbreaks.

IMPACTS ON COASTAL
COMMUNITIES
Rhode Island’s coastline spans estuaries, salt marshes, and wildlife preserves,
and its many coastal parks are prized
for family beach outings and recreational boating. From ecologically vital
wetlands to critical infrastructure to
waterfront homes, much of this coastline is exceptionally vulnerable to sealevel rise. Indeed, some major insurers
have withdrawn coverage from thousands of homeowners in coastal areas
across the Northeast in recent years.
Coastal flooding. Rising sea levels
caused by global warming are projected to increase the frequency and severity of damaging storm surges and
coastal flooding along the Northeast
coast. Just across Buzzards Bay, what is
now considered a once-in-a-century
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ly accelerate erosion, particularly
on important barrier beaches
such as East Beach and Misquamicut State Beach. Continued
sea-level rise will also threaten
the state’s ecologically important
salt marshes and estuaries, which
serve as critical feeding grounds
for migrating waterfowl and
other birds, and nursery habitat
for important commercial fish.
Rhode Island policy makers
will need to take steps to protect
the state’s vulnerable populations and infrastructure, as well
as wildlife and critical coastal
wetlands. This includes public
education, updating and enforcing building codes and land-use
regulations, and working with
the insurance industry to effectively protect property and
people.
iStockphoto.com/Ed Halley

IMPACTS ON FISHERIES

Clambakes and lobster feasts
are synonymous with summer in
Rhode Island. The state’s lobster
catch totaled more than 1,900
Beaches, such as these on Block Island, will become
metric tons in 2005, bringing in
increasingly vulnerable to erosion as sea level rises,
and neighboring homes will become more vulnerable
$23 million to the state economy.
to coastal flooding.
Global warming is expected to
take a serious toll on this already
coastal flood in Woods Hole, MA (one declining shellfish population: lobster
of five sites analyzed in this study) is stocks in Rhode Island’s nearshore
expected to occur as frequently as once
waters are expected to collapse entirely
every 21 years, on average, by late- as the maximum heat-stress threshold
century if the lower-emissions scenario for lobster is consistently exceeded by
prevails and once every nine years, on mid-century under either emissions
average, under the higher-emissions scenario.
scenario. Rhode Island has a lengthy
history of protecting itself against the
IMPACTS ON AGRICULTURE
sea, but the extra stresses created by From the Blackstone Valley to the fertile
sea-level rise and more frequent and
soils of the coastal lowlands, Rhode Isextensive flooding can be expected to land growers harvest some of the region’s
severely tax both new and aging infra- finest potatoes, fruits, and vegetables.
structure and threaten vulnerable coas- More than 800 Ocean State farms protal communities across the state.
duced $51 million in agricultural sales
in 2005. Global warming will present
Shoreline change. Sea-level rise is ex- both opportunities and challenges to
pected to permanently inundate certain Rhode Island’s growers and producers;
low-lying coastal areas and dramatical- for example, increases in the frequency

of short-term drought (see p.2) could
necessitate increased irrigation and operational costs, while a longer growing
season could benefit those farmers invested in warmer-weather crops.
Rhode Island fruit growers produce
an abundance of high-value fruit crops,
many of which require a certain number of hours each winter of adequately
cold temperatures for optimal flowering and fruit development. By midcentury under the higher-emissions scenario, the winter chilling requirements
of blueberries, raspberries, cranberries,
and certain varieties of apples (e.g., McIntosh, Empire) would not be met across
most of the state. Under the loweremissions scenario the southern half of
the state would, by late-century, become too warm to support these crops.

WHAT WE CAN DO
From the historic status of the Blackstone River Valley as the birthplace of
America’s Industrial Revolution to
Newport’s modern-day role as an international sailing mecca, Rhode Island
has a legacy of outsized contributions
to our nation’s fortune. Today, the
Ocean State is poised to continue this
legacy by leading the effort to reduce
heat-trapping emissions and combat
the dangerous effects of global warming. By reducing emissions today, we
have an opportunity to help protect
our children and grandchildren from
the most severe consequences of
global warming. At the same time, effective adaptation strategies are needed
to help reduce the vulnerability of
Rhode Island’s residents, ecosystems,
and economies to those changes that
are now unavoidable.
Here in Rhode Island, the Northeast,
and around the world, there is growing
momentum to meet the climate challenge. Of course our actions alone will
not be sufficient to avoid dangerous
climate change, but Rhode Island (and
the rest of the Northeast) is well positioned to help drive national and international progress. Concerted, sustained
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Electric power. Legislation enacted
with broad support in 2007 positions
Rhode Island to make great strides in
implementing its state Climate Change
Action Plan and achieving substantial
emissions reductions. Key provisions
include requirements that utilities prioritize cost-effective energy-efficiency
gains over new electricity supply and
that the state auction 100 percent of
the emissions permits created under
the Regional Greenhouse Gas Initiative
(RGGI), a multi-state effort to reduce
heat-trapping emissions from power
plants. These proceeds should provide
substantial resources to invest in energy efficiency and renewable energy
development. Governor Carcieri’s call
to raise the state’s renewable electricity
standard to a target of 20 percent by
2011 could help create jobs and enhance the diversity and security of
Rhode Island’s energy supply.
Buildings. Rhode Island’s relatively old
stock of residential, commercial, and

Citizens and Scientists for Environmental Solutions

Two Brattle Square
Cambridge, MA 02238
(617) 547-5552
1707 H St. NW, Suite 600
Washington, DC 20006
(202) 223-6133

Save the Bay

efforts to reduce emissions in the region—on the order of 80 percent below
2000 levels by mid-century and just over
3 percent per year on average over the
next several decades—can help pull
global emissions below the lower-emissions scenario described here.
State and local governments have a
rich array of strategies and policies at
their disposal to meet the climate challenge in partnership with other states,
businesses, civic institutions, and the
public. These strategies and policies
can reduce emissions in the following
sectors:
The Save the Bay headquarters in Providence won an EPA prize for brownfield
development and includes solar panels and a “green” roof.

industrial buildings offers substantial opportunities to reduce emissions associated with water and space heating. The
state can support stronger enforcement of building energy codes, while
local governments can amend zoning
laws to encourage and/or require new
construction and substantial renovation projects to achieve the U.S. Green
Building Council’s LEED certification
and/or energy-efficiency levels that
qualify for the EPA’s Energy Star Building designation.
Transportation. Cars and trucks are the
largest and fastest-growing source of
Rhode Island’s heat-trapping emissions,
accounting for nearly 40 percent of the
state total. The state has adopted California’s tailpipe emissions standards,
which require reductions of approximately 30 percent below 2002 levels by
2016, beginning with the 2009 model
year (implementation is contingent

upon a ruling expected from the EPA).
State and local governments can further reduce vehicle emissions through
sustained investment in public transit
(with a focus on achieving new ridership targets), incentives to purchase
low-emissions vehicles, and incentives
and regulations that promote “smart
growth” strategies such as concentrating development near existing downtowns and public transportation routes.
In addition, Rhode Island can adopt
standards to reduce the carbon content
of fuels.

CONCLUSION
Global warming represents an enormous challenge, but we can meet this
challenge if we act swiftly. The emissions choices we make today in Rhode
Island, the Northeast, and globally will
shape the climate our children and
grand-children inherit. The time to act
is now.

This summary was prepared by the Union of Concerned Scientists based on
Confronting Climate Change in the U.S. Northeast: Science, Impacts, and Solutions,
a report of the Northeast Climate Impacts Assessment (NECIA, 2007). NECIA is a
collaborative effort between the Union of Concerned Scientists and a team of
independent scientific experts to assess how global warming may further affect
the climate of the U.S. Northeast and to explore options for meeting the climate
challenge.
For more information on our changing Northeast climate and what you can do,
or to download a copy of the full report and additional state summaries,
visit www.climatechoices.org.

Wastewater Treatment and Climate
Change Resources
National Association of Metropolitan Water Agencies (NACWA)
Confronting Climate Change: An Early Analysis of Water and Wastewater Adaptation Costs.
http://www.amwa.net/galleries/climate-change/ConfrontingClimateChangeOct09.pdf
Details the impacts climate change can have on wastewater and drinking water utilities and estimates the
adaptation costs for these facilities through the year 2050.

University of California Berkeley
Re-thinking wastewater landscapes: combining innovative strategies to address tomorrow's urban
wastewater treatment challenges
B.R. Smith. (2009). Water Science & Technology. Vol. 60, No. 6, pp 1465–1473.
Summarizes five major sustainable urban water management strategies that address the future challenges
of climate change and dwindling natural resources.

Water Environment Federation
Climate Change Adaptation Planning for Water Resources and Wastewater Management
http://www.ingentaconnect.com/content/wef/wefproc/2007/00002007/00000016/art00025
Ravin, A. L., G.N. McCurry, C.S. Hibbard. (2007) Proceedings of the Water Environment Federation.
Session 31-40, pp. 2666-2671(6)
Discusses the challenges climate change poses to water resources and wastewater management. Explores
the science available for more proactive resources and infrastructure management, and provides some
real-world solutions to challenges through case studies in climate adaptation planning for water and
wastewater management.

Water Environment Research Foundation
Implications of Climate Change for Adaptation by Wastewater and Stormwater Agencies
http://www.theclimatechangeclearinghouse.org/ClimateChangeResearchNeedsWorkshop/Climate%20Cha
nge%20Research%20Needs%20Documents/Cromwell%20McGuckin%20WEFTEC%202010.pdf
Discusses the implications of climate change and its potential impacts on wastewater and stormwater
facilities and operations. Also discusses the risk management approach to mitigating and dealing with
climate change impacts.

Climate Change Adaptation Resources
National Oceanic and Atmospheric Administration (NOAA)
NOAA Climate Services Portal
http://www.climate.gov/
Serves as the central website for NOAA's climate data, products, and services from NOAA's National
Climatic Data Center, Coastal Services Center, Climate Prediction Center, and others.
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Coastal Climate Adaptation
http://community.csc.noaa.gov/climateadaptation
Focuses on adaptation-related resources, such as local and state plans, new policies, case studies, risk and
vulnerability assessments, and decision-support tools. Provides a forum where users can suggest new
resources, engage in dialogue on the issues, and submit comments and questions.
National StormSmart Coasts Network
http://stormsmartcoasts.org/
A resource for coastal decision-makers looking for the latest and best information on how to protect their
communities from weather and climate hazards. Massachusetts included, Rhode Island coming soon.
“Local Strategies for Addressing Climate Change”
http://www.csc.noaa.gov/magazine/climatechangestrategies.pdf
Illustrates examples of the tools, programs, and projects that coastal resource managers are already using
that address both direct and indirect effects of climate change.
“Adapting to Climate Change: A Planning Guide for State Coastal Managers”
http://coastalmanagement.noaa.gov/climate/adaptation.html
Provides science-based information on climate change to set the context for adaptation planning and
includes steps for setting up a planning process, assessing vulnerability, devising a strategy, and
implementing the plan. Compiles information from a number of sources and includes techniques currently
being used successfully by coastal managers to address other coastal management issues such as coastal
hazards, habitat loss, and secondary and cumulative impacts.
“Summary of Coastal Program Initiatives that Address Sea Level Rise as a Result of Global
Climate Change”
http://www.seagrant.noaa.gov/focus/documents/hrcc/slr_policies_summary_mar6_final.pdf
Summarizes policies and initiatives aimed specifically at addressing the effects of climate change and sea
level rise being carried out by Coastal Management Programs, including Sea Grant programs and others.
“Good Morning, America! The Explosive U.S. Awakening to the Need for Adaptation”
http://aquacomm.fcla.edu/3010/
Provides an overview of the public, political, and scientific concern with adaptation to climate change in
the United States. Identifies barriers to adaptation planning and policy development, and provides
suggestions to enable effective adaptation while avoiding the dangers of insufficient preparation.
Risk and Vulnerability Assessment Tool (RVAT)
www.csc.noaa.gov/rvat
Provides a process for conducting hazard identification, social and environmental vulnerability, and
mitigation opportunity analyses as well as a storm surge visualization tool.
Digital Coast Coastal Inundation Toolkit
www.csc.noaa.gov/digitalcoast/inundation
Walks communities through an approach for understanding and addressing coastal inundation issues.
Covers understanding coastal inundation, identifying exposure and potential impacts, mapping potential
inundation and impacts, assessing community risks and vulnerability, and communicating risk strategies
to initiate change. Provides case studies of how other communities are addressing this issue.
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SLOSH (Sea, Lake and Overland Surges from Hurricanes)
www.nhc.noaa.gov/HAW2/english/surge/slosh.shtml
Computerized model run by the National Hurricane Center to estimate storm surge heights and winds
resulting from actual and possible hurricanes.
Sea Level Online
http://tidesandcurrents.noaa.gov/sltrends/sltrends.shtml
A map of sea level rise and fall, trends and anomalies. Includes regional water-level stations.

Environmental Protection Agency (EPA)
EPA's Climate Change Website
http://epa.gov/climatechange/index.html
Information on climate change indicators, climate economics, regulatory initiatives for greenhouse gas
emissions, science, U.S. climate policy, greenhouse gas emissions, and health and environmental effects.
EPA's Climate Ready Estuaries Program
http://www.epa.gov/cre/
Information on climate change impacts to different estuary regions, access to tools and resources to
monitor changes, and information to help managers develop adaptation plans for estuaries and coastal
communities.
“Synthesis of Adaptation Options for Coastal Areas”
http://www.epa.gov/climatereadyestuaries/adaptationoptions.html
Provides a brief introduction to key physical impacts of climate change on estuaries and a review of onthe-ground adaptation options available to coastal managers to reduce their systems' vulnerability to
climate change impacts.
Water Resource Adaptation Program (WRAP)
http://www.epa.gov/nrmrl/wswrd/wqm/wrap/index.html
Provides water resource managers and decision-makers with the tools they need to adapt water resources
(e.g., watersheds and infrastructure) to future climate change and demographic and economic
development.
Climate Ready Water Utilities Toolbox
http://www.epa.gov/safewater/watersecurity/climate/toolbox.htm
A searchable database for water utilities to identify relevant climate change resources, including current
federal, state, and association activities related to climate change impacts on water resources and utilities;
grant programs that could support climate-related actions by utilities and municipalities; publications and
reports; tools and models; and workshops and seminars.

Federal Emergency Management Agency (FEMA)
Planning and Preparing for Hazards
http://www.fema.gov/plan/index.shtm
Helps identify people, property, and resources that are at risk of injury, damage, or loss from hazardous
incidents or natural hazards. Helps determine and prioritize the precautionary measures that can make a
community more disaster-resistant.
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HAZUS-MH
http://haz.main.org/taxonomy/term/19/all
Estimates physical damage, economic losses, and social impacts from floods, hurricane winds, and
earthquakes.
Digital Flood Mapping Products
http://www.fema.gov/plan/prevent/fhm/dfm_dfhm.shtm
Information about the FEMA requirements for Digital Flood Insurance Rate Maps (DFIRM) and DFIRM
Database components.

ICLEI- Local Governments for Sustainability
“Climate Change Outreach and Communications Guide”
http://www.icleiusa.org/action-center/engaging-your-community/outreach-and-communications-guide
Helps local governments effectively communicate climate information to their constituencies. Contains
an array of steps and methodologies for communication and outreach efforts as well as a compilation of
best practices from around the United States.
“Preparing for Climate Change: A Guidebook for Local, Regional, and State Governments”
http://www.cses.washington.edu/db/pdf/snoveretalgb574.pdf

Clean Air Partnership
“Cities Preparing for Climate Change: A Study of Six Urban Regions”
http://adaptation.nrcan.gc.ca/projdb/pdf/171e_e.pdf
Section 3.1 of this report on urban and regional adaptation planning efforts has review of community
engagement and awareness-building approaches taken by the six cities, as well as the effectiveness of
these approaches.

U.S. Agency for International Development (USAID)
“Adapting to Coastal Climate Change: A Guidebook for Development Planners”
http://www.usaid.gov/our_work/crosscutting_programs/water/docs/coastal_adaptation/adapting_to_coastal_climate_change.pdf
An approach to assess vulnerability to climate change and climate variability, develop and implement
adaptation options, and integrate options into programs, development plans, and projects at the national
and local levels.

US Geological Survey (USGS)
USGS Online Flood Information
http://waterdata.usgs.gov/nwis/
Map that tracks flood conditions in the United States. Real-time water monitoring that is part of a
continuing effort by the USGS to assist the National Weather Service (NWS) in making accurate and
timely flood forecasts. Information for surface and ground water from 1.5 million sites across the United
States.

Intergovernmental Panel on Climate Change (IPCC)
http://www.ipcc.ch/index.htm
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The leading intergovernmental, scientific body for the assessment of climate change, providing the world
with a clear scientific view on the current state of climate change and its potential environmental and
socio-economic consequences.

PEW Center on Global Climate Change
Climate Change 101: Understanding and Responding to Global Climate Change
http://www.pewclimate.org/global-warming-basics/climate_change_101
A series of reports covering climate science and impacts, technological solutions, business solutions,
international action, recent action in the U.S. states, and action taken by local governments.

Climate Adaptation Knowledge Exchange (CAKE)
http://www.cakex.org/
Aimed at building a shared knowledge base for managing natural systems in the face of rapid climate
change. Consists principally of four interlinked components: Virtual Library, Case Studies, Directory,
and Tools, as well as community forums for the discussion of current issues in conservation in a changing
climate.

Regional/State
New England Integrated Sciences and Assessment
Indicators of Climate Change in the Northeast
http://www.neisa.unh.edu/Climate/index.html
View and download climate data for over 150 stations in the Northeast. View options such as: About
NEISA, Climate, Air Quality and Health, Research and Products, Presentations, Publications, Calendar,
New England Links and Data and Team Resources.

Union of Concerned Scientists
Northeast Climate Impacts Assessment (NECIA)
A collaboration between the Union of Concerned Scientists (UCS) and a team of more than fifty
independent experts to develop and communicate a new assessment of climate change, impacts on climate
sensitive sectors, and solutions in the northeastern United States.
“Climate Change in the U.S. Northeast”
http://www.climatechoices.org/assets/documents/climatechoices/NECIA_climate_report_final.pdf
“Rhode Island: Confronting Climate Change in the U.S. Northeast”.
http://www.climatechoices.org/assets/documents/climatechoices/rhode-island_necia.pdf
Fact sheet based on: Confronting Climate Change in the U.S. Northeast. Impacts and Solutions.
Synthesis report of the Northeast Climate Impacts Assessment (NECIA).

Brown University Center for Environmental Studies
“Preliminary Assessment of Rhode Island's Vulnerability to Climate Change and its Options for
Adaptation Action”
http://envstudies.brown.edu/Summary-RIClimateChangeAdaptation.pdf
“Trees and the Urban Heat Island Effect: a Case from Providence, RI”
Release pending.
5

RI Coastal Resources Management Council
CRMC Sea Level Rise Regulations
http://www.crmc.ri.gov/regulations_adopted/2008-03-04_RICRMP_Section_145.pdf
Section 145 of the RICRMP: Climate Change and Sea Level Rise.

University of Rhode Island
“Literature Review of the U.S. Northeast Coastal Community: Management of Coastal Ecosystems
and Natural Hazards.”
http://www.crc.uri.edu/download/Northeast_Literature_Review.pdf
Discusses priority issues of the primary audience in the northeast region, management of coastal
ecosystems, coastal hazards resilience, and cross-cutting issues of data and information access and
usability.
“Global Climate Change Induced Inundation Modeling of South Kingstown, RI”
http://www.ci.uri.edu/ciip/projects/gccinri/Thompson_MESM_SK&GCC.pdf
A white paper detailing various scenarios for inundation in South Kingstown due to sea level rise and
climate change.

RI Department of Environmental Management
Climate Change and Rhode Island
www.dem.ri.gov/climate
Fact sheet series covering potential impacts on RI’s coastal areas, drinking water, energy supply,
economy, and health as a result of climate change.

Environmental Council of Rhode Island
“Global Warming in Rhode Island: Warning Signs, Winning Solutions”
http://www.environmentcouncilri.org/pdf/global06.pdf
A fact sheet about the various potential impacts of climate change on Rhode Island, and eco-friendly
measures, such as the use of green energy, to reduce these impacts.
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David R. Vallee
Hydrologist‐in‐Charge
NWS/Northeast River Forecast Center
http://weather.gov/nerfc
Providence Street – West Warwick, RI at 1030 am Wednesday 3/31/10

y A bit about the Northeast River Forecast Center
y What ingredients brought us to such a remarkable

flood event in March 2010?
y A few historical foot‐notes
y What does this all mean in light of climate change
scenarios?

Major river basins
include Genesee,
Hudson, Mohawk,
Housatonic,
Connecticut,
Merrimack ,
Blackstone,
Pawtuxet, Kennebec ,
Penobscot and Saint
John
~180 forecast points

Staffing profile:
HIC, SCH and DOH
4 Senior Hydrologists & 1 Senior HAS
3 Hydrologists & 2 HAS
1 ASA/Hydro Tech

y

Calibrate and implement a variety
of hydrologic and hydraulic
models to provide:
y River flow and stage forecasts at
y
y
y
y
y

180 locations
Guidance on the rainfall needed to
produce Flash Flooding
Ensemble streamflow predictions
Ice Jam and Dam Break support
Water Supply forecasts
Partner with NOAA Line Offices to
address issues relating to Hazard
Resiliency, Water Resource
Services, Ecosystem Health and
Management, and Climate Change

Moderate flooding - Connecticut River at
Portland, CT.

y It was not caused by
y One single Nor’easter or one Coastal Storm
y Snowmelt
y Improper water management

y It was caused by:
y The atmospheric river – “energized” by El Nino
y Blocking high pressure over Greenland
y A sequence of heavy rainfall events over 5 weeks
y Record monthly rainfall totaling 12‐18 inches
y Axis of each event over Pawcatuck & Pawtuxet Valleys

Saturated ground
y A “chuck‐full” Scituate Reservoir
y

y Designed for Water Supply not Flood Control!

Swollen streams and ponds running well above normal
y The lack of nature’s grasses, flowers and trees
y

y Pre‐growing season – no Evapo‐transpiration to help us out

Dramatic “urban response” in the lower basin
followed by record reservoir flows from
Scituate Reservoir

Pawcatuck River – Wood River Junction

Pawcatuck River – Westerly, RI

y Extremely rare to set two record flood elevations in

two weeks – as was done on the Pawtuxet
y Consider this fact:
The storms in March 2010 dumped over 16 inches of rain
y The record Flood for the Blackstone in 1955 was the
result of over 10 inches in ONE DAY with over 14 to 16
inches of rain in 1 week in Woonsocket northward
through the head waters in Worcester.
y

y Fits pattern of more intense heavy rainfall events

which have been impacting the Northeast since the
mid 1990s.
y Merrimack Oct’96, Hurricane Floyd flooding Sept ‘99,

Connecticut, Merrimack, Blackstone Oct’05, Mother’s Day
2006 Merrimack valley, May 2007, and now 2010.

Natic Dam
Royal Mill Dam

Arctic Dam

Post Mall and I-95
construction

Post USACE Flood
Control Product
Construction

Burakowski et al., 2008, JGR

1 inch events (1947-2007)

Spierre et al., 2008

2 inch events (1947-2007)

Spierre et al., 2008

Frequency
Most significant in the 25 to 100 yr recurrence interval.
1 Day Return period

TP‐40 from 1961

NRCC Draft 2010
http://www.precip.net

Event in years

Inches in 24 hours

Inches in 24 hours

2

3.25

3.26

10

4.75

4.86

25

5.50

6.15

50

6.15

7.30

100

7.00

8.70

y Impacts on the flood plain, land use, infrastructure, dam

spillway requirements, drainage requirements, bridge
clearances, property values, etc…

Graphic courtesy of Cameron Wake
University of New Hampshire

David R. Vallee
Hydrologist‐in‐Charge
NWS/Northeast River Forecast Center
http://weather.gov/nerfc
Providence Street – West Warwick, RI at 1030 am Wednesday 3/31/10

Climate Change Science
and Impacts
Jennifer West
Coastal Training Program Coordinator
Narragansett Bay Research Reserve

Outline
• Brief overview of climate change science
• State and regional indicators
• Temperature
• Sea level rise
• Precipitation
• Storminess
• Seasonality

From the 2007 Intergovernmental Panel
on Climate Change Report (IPCC):
“Warming of the climate system is unequivocal,
as is now evident from observations of increases
in global average air and ocean temperatures,
widespread melting of snow and ice, and
rising global average sea level.”

Source: Climate Change 2007: The Physical Science Basis, Contribution of Working Group I to the Fourth Assessment Report of the
Intergovernmental Panel on Climate Change, Solomon, S., et al., (eds). [hereafter IPCC 2007 WG1-AR4 ]
http://www.ipcc.ch/publications_and_data/publications_ipcc_fourth_assessment_report_wg1_report_the_physical_science_basis.htm

From the Joint Science Academies’ Statement
on Climate Change (2005):
“…there
is now strong evidence that significant
“…
global warming is occurring. The evidence comes
from direct measurements of rising surface air
temperatures and subsurface ocean temperatures
and from phenomena such as increases in average
global sea levels, retreating glaciers, and changes
to many physical and biological systems.”
(similar statements from the American Meteorological Society, American
Geophysical Union, etc.)

Source: Joint statement of the national science academies of the G8 nations and Brazil, China and India, “Global Response
to Climate Change” (July 2005)
http://royalsociety.org/document.asp?id=3222
http://royalsociety.org/displaypagedoc.asp?id=20742

Source: IPCC 2007 WG1-AR4, Fig spm4

Global average sea level is rising from expansion
of water due to warming and melting glaciers
Trend line

Since 1992 sea
level has risen
~2.2 inches

Source: www.aviso.oceanobs.com/en/news/ocean-indicators/mean-sea-level/

Source: National Snow & Ice Data Center http://nsidc.org
http://nsidc.org/images/arcticseaicenews/20091005_Figure3.png
http://nsidc.org/news/press/20091005_minimumpr.html

Human-induced trends -and- natural
variability are occurring at the same time.
What we see in observations
(& computer climate model
results) is a trend
superimposed onto the natural
variability.

time [years]

How might the Earth’s climate change
in the next 10 or 100 years?

Colors = different human choices
Shading = represents some of
the uncertainties in climate
system responses

Let’s first consider the longer
multi-decade to century time scale
and the larger spatial scales

Source: IPCC 2007 WG1-AR4, Fig 10-4

Climate Change Responses Are Not Geographically Uniform

Source:
http://www.gfdl.noaa.gov/patterns-of-greenhouse-warming-ar4

State and regional indicators…
•Temperature
•Sea-level rise
•Precipitation
•Storminess
•Seasonality

Temperature

The climate is “migrating” northward

By mid century, summer in
Rhode Island could feel like the
typical summer in Delaware
(lower emissions scenario)
or Southern Virginia
(higher emissions scenario)

Courtesy of the Union of Concerned Scientists

Narragansett Bay’s average mean temperature has
increased 2ºF; average mean winter temperature
has increased 4ºF over last 30 years
Narragansett Bay
Annual Surface Water Temperatures

Sea-level rise

Newport Historic Sea-Level Rise

Precipitation

Thanks Dave!

Storminess

Patriot’s Day Nor’easter
April 2007
Tides 3 feet above
normal

Coastal erosion

Tomorrow…..
+ 3 Feet Sea‐Level Rise
2100 … 2050… Or?....

Adapted from NOAA; USACE 1988; Hehre 2007

Metro Bay “Achilles’ Heel of the Northeast” (FEMA)

asa
Surge Height 6 m (MLLW)

Seasonality

Changes in plant & animal behavior









Migration shifts
Earlier spring flowering, leaf-out
Longer growing season
Shift in hardiness zone
Greater production of allergenic pollen
Greater growth of poison ivy, bittersweet
Northern expansion of the deer tick
Greater risk of mosquito-borne disease

Changing fish habitat (cod)

Summary
• Average global temperatures are warming
• Average global sea levels are rising
• Extent of Arctic sea ice is decreasing
• Changes to many biological systems
• Coastal properties, infrastructure, and
natural resources at risk
• …

Questions?

Climate Adaptation
Tools
Tuesday, February 8, 2011
Gina Snyder
US EPA – New England
1

Background
Tools
 Floodplain

boundaries
 Existing
 NDWAC

report
 CREAT and CRWU
TTX

Local Efforts

http://www.sciencedaily.com/images/2008/06/080627163151-large.jpg

Why are we seeing changes in
the characteristics of floods
a) Decades of rapid
urban development
b) Engineering designs
assumed stable
statistics
c) Climate changes
d) All of the above
www.globaldatavault.com/climate-change-impact-analysis.htm

Floodplain Boundaries
Typical hydrologic engineering problem
 Basis: historical time series of annual peak flow
BUT
 Annual peak flow is an extreme statistic
 Common estimate: “100-year flood”




ExtRemes: A tool to statistically model nonstationarity in observed extremes

If ?
 you live in a

hurricane or flood
zone:


you want to minimize
the vulnerability of
the people, places, and
systems you care
about

http://geology.com/news/category/coastal-geology.shtml

Not all of New
England, but all of
Rhode Island is in
one of these zones!

No Matter Where We Are,
no matter what the cause, we all
live in a climate change zone

http://sos.ri.gov/virtualarchives

RI Geological Survey /
Geosciences University of Rhode Island

www.hazardscaucus.org/briefings/CoastalErosion_Boothroyd_1109.pdf

What is ‘Adaptation’?
Adaptation is how we minimize
vulnerability to the change in
extreme event occurrences
First, expand our perspective to
recognize what’s changing, and
 Consider how to prepare and respond


8

Tools


Existing:
Emergency Response Plans
 Maps of your system
 Inventories – Asset / Maintenance
Management
 Emergency Generators
 Networks




New:


Climate Ready Utilities, CREAT, and
Table Top Tools

Climate Ready Water Utilities

Understand Climate Impacts &
Uncertainties








basic awareness of flood, storm, and sea level
rise implications for local operational conditions.
examine operating conditions in light of the
potential for impacts from these challenges.
screen to identify obvious threats and
opportunities.
integrate considerations into normal planning
and decision making, including emergency
response, capacity, and capital planning.

Create Understanding, Support
Networks, and Capacity






general education and training to internal staff
on potential impacts from extreme events and
SLR.
involve staff in identifying and implementing no
and low cost operational changes designed to
provide a hedge against potential climate
impacts.
establish shared risk & responsibility
partnerships in the community.

Climate Resilience Evaluation
and Awareness Tool

CREAT can be used to




help identify climate change threats,
assess potential consequences, and
evaluate adaptation options.

First: establish basic facility information


assets, time periods, adaptive measures, and potential
threats,

Then: perform baseline and resilience analyses

Local Efforts:
Keene NH Climate Vulnerabilities

The wastewater treatment plant may be compromised during flood events due to
stormwater inflow and intrusion into the system. Not only is the system vulnerable
to infrastructure damage as a result of flooding, but a breach of the system would
then impact public health, possibly leading to the spread of disease.

from MWRA Template for
Climate Action









Improve Regional Climate Change Projections
Enhance our Understanding of Potential
Impacts
Determine and Implement Appropriate
Adaptations
Inventory and Manage Greenhouse Gas
Emissions
Improve Communication and Tracking
Mechanisms

Consider impacts in Sewer and
Storm Drain Design Criteria
Review design
criteria for all
systems

Environment Council of
Rhode Island
Study risks to Rhode Island from projected
climate change, and boost adaptive
measures (S2439, H7719)
 Rhode Island’s 3 major types of risks from
expected climate change: rising temperatures,
more extreme weather, and sea level rise.
 Legislation creates study commission on impacts
and methods of adapting, including:
protection of vital infrastructure.

Working together

www.thehindu.com/sci-tech/energy-and-environment/article852262.ece

Questions/Discussion

Updating Your Emergency
Preparedness Toolbox:

Overview
• Tabletop Exercise Tool History
• Demonstration

• Outreach and Training
• Back to Adaptation
1

Tabletop Exercise Tool for Water Systems:
Emergency Preparedness, Response, and
Climate Resiliency
• Mini-DVD with materials that assist users in
developing and conducting customized
tabletop exercises
• Tabletop exercises provide a safe environment
to test response capabilities prior to an
incident
• Can be used at department, town, regional
levels
• Updated (EPA distributed over 10,000 copies
of the first exercise tool since its release in
2005)
2

Tabletop Exercise Tool for Water Systems:
Enhancements
• More user-friendly
• HSEEP Compliant

• 15 scenarios
– 10 Disaster
– 5 Climate Change

• Customizable materials

• Training Resources
• Info on Water Sector Initiatives

3

Tabletop Exercise Tool for Water Systems:
Disaster Scenarios
• Disaster Scenarios assist planners in
developing short-term response plans
–
–
–
–
–
–
–
–

Flood
Hurricane
Earthquake
Tornado
Vandalism
Ice Storm
Radiological Dispersion Device
Wastewater Hazardous Material
Contamination
– Water Contamination
– Pandemic Influenza
4

Tabletop Exercise Tool for Water Systems:
Climate Resiliency Scenarios
• Exercise planners can use these
scenarios to examine longer-term
emergency response capabilities
–
–
–
–

Extreme Flooding Scenario
Extreme Drought Scenario
Sea Level Rise Scenario
Intense Fire in Protected Catchment
Scenario
– Impact of Freeze Thaw Shift on Main
Breaks Scenario

• Part of the Climate Ready Water
Utilities program
http://www.epa.gov/safewater/watersecurity/climate

5

Tabletop Exercise Tool
what’s in it, how it works

6

Tabletop Exercise Tool for Water Systems:
Functionality
Instructions on how to get started
Choose from 15 different exercise scenarios.
Each with a customizable:
-Situation Manual
-Presentation
-Additional Discussion Questions
Presentations on how to :
-Use the TTX Tool
-Plan, customize, conduct,
and evaluate an exercise
Water Sector-related presentations,
documents, and web links aid the
exercise planner in building a more
comprehensive TTX
-Links to training presentations
and reference materials
-Contact E-mail address

Tabletop Exercise Tool for Water Systems:
How to Use the TTX Tool

8

Tabletop Exercise Tool for Water Systems:
Training Presentations and Resources
•

Text

9

Tabletop Exercise Tool for Water Systems:
Training Presentations and Resources
•

Text

FEMA links

10

Tabletop Exercise Tool for Water Systems:
Choosing a Scenario

11

Tabletop Exercise Tool for Water Systems:
Customizable Materials

- Macros guide users through design process
- Scenario Description
- Discussion Questions & Key Issues
- Action Planning Session Materials
- Reference Materials

-Specific to both drinking water and
wastewater utilities
- Divided into eight categories
- Accompanies SitMan
-Users can add images and other
relevant information

12

Tabletop Exercise Tool for Water Systems:
Supplemental Information

13

Tabletop Exercise Tool for Water Systems:
Water Sector Project Presentations
•

Text

14

Tabletop Exercise Tool for Water Systems:
Supplemental Reference documents

15

Tabletop Exercise Tool for Water Systems:
Related Links

Water Security Page

Association Links

16

Tabletop Exercise Tool for Water Systems:
Free Software

17

Tabletop Exercise Tool for Water Systems:
Help Page

18

Tabletop Exercise Tool for Water Systems:
Outreach and Training
• Request physical copies
– Send mailing information to: ttxtool@epa.gov

• Download the tool from EPA’s website
– http://yosemite.epa.gov/ow/SReg.nsf/description/
TTX_Tool

• Also Available on WaterISAC Pro
– Upcoming webinars and online training sessions to
be hosted on WaterISAC
19

Tabletop Exercise Tool for Water Systems:
Outreach and Training
• Currently Conducting Training Workshops
• Goals of Workshops:
• Familiarize students with discussion-based
tabletop exercises
• Demonstrate EPA’s tabletop exercise tool and
how it is useful in creating exercises
• Give students the confidence needed to plan and
conduct an exercise

• Training www.horsleywitten.com/rittx.

20

For More Info:
Tom Noble
•

tnoble@horsleywitten.com | 508-833-6600

Jenny Thomas
•

thomas.Jenny@epa.gov | 202-564-4524

Gina Snyder
•

snyder.gina@epa.gov | 617-918-1837

For more information on EPA projects and materials, visit
http://www.epa.gov/safewater/watersecurity
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