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Suggested citation: West Michigan Environmental Action Council (WMEAC). Grand Rapids Climate
Resiliency Report. December, 2013.

The electronic version of this report contains hyperlinks to source material, reports, and citations. This
report will be published primarily for electronic distribution and consumption. The Report can be

accessed, shared, and downloaded at: www.wmeac.org

West Michigan Environmental Action Council (WMEAC) has been West Michigan’s preeminent
resource for environmental education and advocacy since 1968. Founded by a diverse group of
concerned citizens and organizational stakeholders, WMEAC is a nonprofit, 501(c)(3) organization
uniquely positioned to respond to emerging issues and new threats to West Michigan’s natural and
human ecologies, strategically focused on building sustainable communities and protecting water
resources. Since the earliest days of the environmental movement, WMEAC has provided West

Michigan citizens a means to take action on behalf of the environment.

Grand Rapids Office of Energy and Sustainability focuses on three major efforts: sustainability outcomes,

strategic energy management, and climate resiliency planning.
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EXecUTIVE SUMMARY

In 2012, City of Grand Rapids mayor George Heartwell was recognized by the U.S. Conference of Mayors

for the City’s efforts in confronting global climate change. Along with the Climate Protection Award,
the City received a $25,000 grant for use in further developing climate change protection programming.
The funds were divided between Friends of Grand Rapids Parks and the West Michigan Environmental
Action Council (WMEAC). WMEAGC, in partnership with the Grand Rapids Office of Energy and
Sustainability, embarked on a mission to investigate climate change resiliency at the local level using
a triple bottom line (TBL) framework. The outcome of the investigation was the identification of key

impacts across community sectors and recommendations for confronting them.

The Grand Rapids Climate Resiliency Report (the Report) builds local expertise on top of climate
science, research, and analysis. Twenty-five expert interviews were conducted with contributions
from a broad range of community sectors. Interviewees represented the following fields: insurance,
academia, regional planning, transportation, food systems, emergency preparedness, sustainability,
environmental services, community infrastructure, forestry, finance, low-impact development, built

environment, community essential needs, fisheries, engineering, and energy.

The modeling software MAGICC/SCENGEN (Model for the Assessment of Greenhouse-gas Induced
Climate Change with the Regional SCENario GENerator) v. 5.2.3 was used for an analysis run for
coordinates marking the City of Grand Rapids and projected to a square area of 2.5 degrees by 2.5
degrees (175 miles by 175 miles). The climate change variables of temperature and precipitation were
projected through the years 2022 and 2042, roughly coinciding with the City of Grand Rapids’s 20-year
Master Planning process. Annual seasonal projections were made for temperature and precipitation.

Those projections were compared to baseline data from 1961 to 1990.

Forecasting Climate for Grand Rapids

» Average temperature and precipitation will increase by 1.1 °C and 2.6%, respectively, by

2022, and further increase by 2.2 °C and 8.5%, respectively, by 2042.
o The largest increases in temperature are projected to occur during the winter.

o Thelargest percentage increase in precipitation is likely to occur in the winter and spring

months. The smallest temperature rise will occur during the summer.

» By 2022, the spring months will show the biggest increase in precipitation, followed closely

by winter. By 2042, winter will show the greatest increase, with spring close behind.

Grand Rapids Climate Resiliency Go to Contents
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« Summer is the only season that is projected to become drier.

The Great Lakes region can expect more variable and volatile weather from year to year and from
season to season. This trend could lead to more extreme weather events, such as storms that produce
more than one inch of rain in 24 hours, increased frequency of consecutive days above 90 °F and 90%

humidity, and more freeze-thaw cycles in winter and spring.'

Climate change impacts were assessed in terms of how they would affect residents’ quality of life and

the ability of key sectors to provide services and benefits.

Climate change impacts each sector in isolation, but it also affects the interaction of each sector with
the others as well as the function of the system as a whole. Therefore, understanding the needs of the
community, major relationships between sectors, and the ability of the sectors to provide those needs

in a changing climate is key to building resiliency. This is not an easy task.

This report is organized through an economic, social, and environmental lens—despite the fact that

every issue affects (or is affected by) all three areas.

The Report defines climate resiliency as the ability of a community to simultaneously balance
ecological, economic, and social systems to maintain or increase quality of life in an uncertain,

dynamic climate future.

A resilient community can mitigate both its contribution to climate change and the disruption of
local climate impacts. It is agile in the face of uncertainty. Resilient cities are also better positioned to

capitalize on opportunities that arise in an uncertain future.

The following are prioritized recommendations, the implementation of which the City of Grand Rapids
can lead or support. Additional recommendations for building a more resilient Grand Rapids can be

found in the Conclusion of the Report. Major recommendations for municipal action are as follows:

Process

« Grand Rapids needs a climate-resiliency champion—an individual(s) or organization(s)
to own the issue in the community and focus on the implementation and financing of

projects and programs.

 City resiliency efforts going forward should focus on the selection, financing, and

implementation of projects, as current planning documents identify existing best practices.

Grand Rapids Climate Resiliency Go to Contents
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o Underserved, low-income, and minority population areas will be disproportionately
affected by climate change. Resiliency efforts in all aspects of community planning

should recognize this reality.

Social

» Parks, pools, splash pads, and natural and green recreation areas should be considered

by City decision makers as critical resiliency infrastructure that enhances quality of life.

+ Preserve and grow mixed-use and dense development neighborhoods, making essential

services and businesses accessible through multimodal means of transportation.

Economic

« Support policy proposals to increase energy efficiency and clean energy at the state level.

Simultaneously, move to identify and adopt a community-wide energy efficiency target.

« Explore legal, policy, and economic frameworks that enable the City of Grand Rapids
to build a more autonomous and resilient energy system. The City needs a system that
allows greater energy sovereignty and enables the pursuit of goals related to pricing,

distributed energy systems, efficiency, and renewable energy.

 Study and implement new methods of street maintenance and construction, particularly
relating to materials and the construction of physical infrastructure resilient to climate

change impacts.”

o Change the transportation culture in Grand Rapids to one that is built around
multimodal, vital streets and that provides equal access for all social levels with diverse

transportation requirements.’

e Municipal insurance, capital projects, and asset-management planning should include
assessments for exposure to drought, temperature change, flooding, storms, and climate

mitigation.
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Environment

o Capture the “first flush” precipitation of the 90th-95th percentile wet-weather event near
where it falls. Grand Rapids should utilize critical climate infrastructure such as low-
impact development and green infrastructure to wholly implement the paradigm shift in

stormwater-management best practices: “slow it down, spread it out, and soak it in”

«  Water efficiency efforts should be strengthened in Grand Rapids through a variety of

technological, policy, pricing, and programming means.

« Improve the quality of the Grand River and its tributaries by restoring it to a more natural
state. This should involve improving riparian buffers, daylighting tributary streams, and

continuing the development of greenways, softening channels, and more.*

» Adoptastrong urban tree canopy goal—at least 40%—and implement a forestry program
that addresses heat island, air quality, and other resiliency values delivered by a diverse,

healthy urban tree canopy.

The primary goal of the Report is to spur a community conversation leading to processes that will
enable Grand Rapids to build a more climate-resilient city. The secondary goal is to spur many specific,
short- and near-term projects, policies, programs, and planning actions that enable Grand Rapids to

mitigate the effects of climate change, adapt to its impacts, and harness emerging opportunities.

Grand Rapids needs resources, champions, and a directive to build a more climate-resilient

community.
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RerPoORT METHODOLOGY

The Report combines local expert opinion with climate science, research, and analysis. It uses localized
climate data prepared by Elena Lioubimtseva, associate professor of geography and planning in Grand
Valley State University’s environmental studies program. The Report leans heavily on local, regional,

state, and national climate documents, with a preference for local information.

WMEAC conducted 25 climate resiliency interviews with individuals representing multiple disciplines;
these professionals have expertise in core city and regional functions and services. The interviews
included experts from the following sectors: insurance, academia, regional planning, multimodal
transportation, food networks, emergency preparedness, sustainability, environmental services,
community infrastructure, finance, low-impact development, green building, community essential
needs, and energy. (See Community Resiliency Interview list at the beginning of the report for a full list

of those interviewed.)

The Report seeks to identify the largest and most likely impacts of climate change on core city functions
and services. It details a series of climate mitigation and adaptation responses, innovations, and best-
practice solutions for Grand Rapids to both adapt to a changing climate and do its part in mitigation

and prevention.

The Report was conceived by Haris Alibasi¢ of the Grand Rapids’s Office of Energy and Sustainability
and strongly supported by the Mayor. Funding for the project came in the form of a grant that the
City received from the 2012 Mayors’ Climate Protection Awards, which were sponsored by the U.S.
Conference of Mayors and Wal-Mart. The $25,000 award was split equally between WMEAC and the

urban forestry initiative of Friends of Grand Rapids Parks.

Grand Rapids Climate Resiliency Go to Contents
Copyright © 2013 West Michigan Environmental Action Council Xi



PRESERVING OUR FREEDOM TO THRIVE

West Michigan Environmental Action Council has long held that environmental protection is good for
people, business, and the planet. For more than 45 years, WMEAC has been a consistent voice for best
practices in environmental policy and sustainability. One of our most important roles in the community
is to shape dialogue on emerging trends in environmental protection in West Michigan. The City of
Grand Rapids has long been our partner in cutting-edge environmental progress. We know that we can

position our residents, government, and natural resources to be resilient in the face of climate change.

We've waited patiently for political debates and public opinion to catch up with decades of science.
Municipal climate resiliency marks the end of this wait and moves our communities beyond tired
debates. Resiliency focuses on what we can do together to build a stronger community in an uncertain,
dynamic climate future. WMEAC is thrilled to have the opportunity to begin an inclusive dialogue

about climate change and climate resiliency with the publication of this report.

Defining, describing, and understanding climate resiliency and its unique impacts on the Great
Lakes region, West Michigan, and the City of Grand Rapids has been no small undertaking. We are
thankful for the many experts and community leaders who contributed to this report. They helped
us explore—and attempt to unravel—the complicated knot of interdependent dynamics that make
up climate change’s impacts on our community. We are thankful for the diligent research and writing
of our team of contributing authors who puzzled over systems connections for hours at a time.
Haris Alibasi¢, director of Grand Rapids’s Office of Energy and Sustainability, was a key guide in our
journey. Finally, special thanks go to Mayor George Heartwell for his leadership. The mayor’s vision
for a resilient community makes us proud to serve in partnership with the City of Grand Rapids; his

investment made this report possible.

Through this process I have been struck by a few driving themes:

o We are a blessed to live in the Great Lakes region, where our incredible natural and

human resources position us comparatively well to manage a dynamic climate future.

« Environmental practices that WMEAC and our partners have been educating people
about for manyyears—suchasenergyefficiency, smart growth, low-impact development,
local economies, and food systems—are no longer optional if we are to maintain our

quality of life.

« Protecting our water resources is paramount to economic success and quality of life.
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» Becoming climate-resilient is our responsibility and a unique privilege.

By designing for resiliency, we will ensure the futures of our children and their children. Along the way
we will innovate, discover opportunities for economic growth, and deliver green and blue jobs that
help sustain our quality of life. Through resiliency we will deepen our connections to our farmers, local

businesses, and this place, which is rich in natural beauty and biodiversity.

With great hope and faith in our future,

Lot foed!

Rachel Hood

Executive Director, West Michigan Environmental Action Council
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PREFACE

A changing natural world impacts everything within that world, and those impacts reverberate and
interact with each other in an infinitely complex way. Even climate change “solutions” are affected
by climate change. For example, higher summer temperatures result in increased demand for air
conditioning and electricity. But the production of electricity is a significant climate change contributor,

creating a negative feedback loop.

Similarly, an increase in extreme precipitation events increases the likelihood of flooding. This, in
turn, increases the need for more green infrastructure to manage floods. But many types of green
infrastructure, including wetlands and the urban tree canopy, are themselves impacted by climate
change. Such complex interactions are typical of climate change studies. Thus, this report has been
purposefully limited in its breadth, depth, and scope. Climate change is full of positive, negative, and
ambiguous feedback loops, making the issue quite complex. As such, it is impossible to address climate

change in an exhaustive manner.

From the municipal perspective, several questions are crucial. Which issue is the root issue? Which is
foundational or most important? Which issues are subservient? Where do we start and what follows?
Take the flooding example. A severe flood can have profound economic and social consequences, so
perhaps flooding should be the top-line issue. Better stormwater management would certainly help
prevent floods and the economic damage they bring. Stormwater management also protects lakes,
rivers, and wetlands from environmental pollution, which makes them more resilient to the impacts of
climate change. Given that stormwater is a flooding and pollution-prevention consideration, perhaps
stormwater management is the top-line issue. However, such an approach would also be problematic,
as it would be to treat the concerns as equals. It is impossible to systematically unwind the climate knot

without consciously adopting a framework or perspective.

With this in mind, the authors examined the issue according to the framework currently used by many
sustainability initiatives in the Grand Rapids area, including those of the City of Grand Rapids itself.
The triple bottom line advocates for a balancing of economic, social, and environmental concerns.
The weight given to any particular issue should reflect its relative value to the triple bottom line, as
should the practices employed to achieve climate resiliency. Additional priority should be given to
strategic considerations and approaches that generate social, economic, and environmental benefits.
Regardless of whether climate change predictions actually come true, this approach facilitates a no-

regrets sustainability initiative through the lens of climate resiliency.
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1 INTRODUCTION

The Grand Rapids Climate Resiliency Report (the Report) seeks to identify the largest and most
likely impacts of climate change on core city functions and services. It discusses current and potential

responses, innovations, and best-practice solutions for climate change adaptation and mitigation.

Climate change is a global problem with uniquely local impacts. Across the United States, communities
are becoming aware of their vulnerabilities to climate change, and leaders are being challenged to

identify and plan for potential climate change impacts.

In 2012, the U.S. Conference of Mayors recognized Grand Rapids Mayor George Heartwell with the

Climate Protection Award for Large Cities for the City’s efforts to address climate change according

to the mandates set forth by the U.S. Conference of Mayors Climate Protection Agreement. The
honor included a $25,000 grant for climate change protection programming, which was split evenly
between Friends of Grand Rapids Parks and WMEAC. With its portion of the grant, WMEAC was

asked to investigate local climate change resiliency in partnership with the Grand Rapids Office of

Energy and Sustainability.

This is the first attempt to comprehensively understand vulnerabilities to climate change within
our community’s environmental, social, and economic systems. Over a 10-month period, WMEAC
interviewed more than 25 experts from a diverse range of fields, including insurance, academia, regional
planning, transportation, food systems, emergency preparedness, sustainability, environmental services,
community infrastructure, forestry, finance, low-impact development, built environment, community

essential needs, fisheries, engineering, and energy.

In addition to subject-specific questions, all contributors were asked to provide their perspective on
the meaning of climate resiliency. Based on these discussions and existing definitions used by other
communities and research organizations, this report defines climate resiliency as the ability of a
community to simultaneously balance ecosystem and human functions in an uncertain and dynamic

climate future.

This report integrates local expert opinion with climate science, research, and analysis to create an initial
report for Grand Rapids climate resiliency. It is intended neither as a stand-alone planning document
nor a definitive examination of the topic; it has not had the benefit of an integrated community planning
process. Instead, it is intended to spur a larger community conversation about how Grand Rapids can

become a more climate-resilient city. It seeks to bring awareness to potential policy, planning, and

Grand Rapids Climate Resiliency Go to Contents
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programming actions that would enable Grand Rapids to mitigate its contributions to climate change,

adapt to its impacts, and harness emerging opportunities.

A resilient community can mitigate its contribution to climate change. It is flexible and poised to adapt.
Resilient cities are better positioned to capitalize on opportunities that arise in an uncertain future. We
intend for citizens, municipal officials, businesses, and community leaders to use this document as a
framework to consider how climate change might impact their areas of influence. The Report is a tool
for community planners, providing insights into the complexities of climate change in relation to the

existing economic, environmental, and social conditions of the community.

1.1  Grand Rapids: Sustainability Leadership

Grand Rapids is located in west central Michigan, roughly 30 miles east of Lake Michigan. It is nearly
equidistant from Chicago and Detroit and measures approximately 45 square miles. The Grand River,
a major state waterway, runs through the center of the City (see Figure 1). The second largest city in
Michigan has a population of 190,411, with more than 1.3 million in the metropolitan area, according
to 2012 census estimates. It is the seat of Kent County, which boasts a population of over 614,462 in its

856 square miles.

Grand Rapids has a history of leadership, creativity, and entrepreneurship. In 1881, one of the country’s
first hydroelectric plants was installed on the City’s west side. In 1945, Grand Rapids became the first
city in the United States to add fluoride
to its drinking water. Grand Rapids lays
claim to the nations first scheduled air
service (to Detroit) and its first publicly
funded art installation, La Grande
Vitesse by Alexander Calder. Historically
known as Furniture City for its legacy of
nineteenth- and early twentieth-century
furniture manufacturers, Grand Rapids
is best known today for its bustling

urban redevelopment, the world’s

largest art competition (ArtPrize), and

Figure 1. The Grand River runs through the center of city life.

its many sustainability initiatives and
Y Y Photo: Nicholas Occhipinti

accomplishments.
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GREEN GRAND RAPIDS Grand Rapids boasts the highest per capita number of buildings

b

J’ ) i
Y ,a \ Sa ]. L A, with Leadership in Energy and Environmental Design (LEED)
i

2

certification in the United States. It was the first city in the country
to be recognized by the United Nations University as a Regional

Figure 2. The Green Grand Rapids ) ) )
Master Plan Update. Click image to Centre of Expertise for Education on Sustainable Development. The
download. metropolitan region is home to several of the nation’s most respected

sustainable business innovators.

The City of Grand Rapids has been recognized nationally and internationally for its sustainability
initiatives and use of the triple bottom line decision-making framework in its key planning documents
and processes. The National League of Cities recently lauded Grand Rapids for “its recent successes in
green building development and ambitious community-wide sustainability initiatives to entice new

development and new businesses.’

Sustainability was a key focus of the 2011 update of the Grand Rapids Master Plan, the result of the

multiyear Green Grand Rapids community planning initiative (see Figure 2). The City of Grand Rapids’s

Sustainability Plan institutionalized the use of the triple bottom line in municipal decision making,
setting goals and objectives specific to each area and requiring planners to go through a “plan-do-
check-act” process to ensure that all projects meet those goals (see Figure 3).

While never before as prominent as during the tenure of Mayor
Second Year Progress Report _“

Heartwell, sustainability has been a key factor in the City’s planning  evaori—#v201s sustainabitiey Plan oo

efforts for some time. During the 1980s city leaders addressed
critical deficiencies in stormwater and wastewater treatment
systems through prudent planning, design, and assessment of

spending and infrastructure. The City responded to the realities el

B s e
s s ——

of a declining economy with its 2011 Transformation Investment

Plan. Among other things, it ensured that citizens would get
the level of service that they expect while decreasing costs and

increasing transparency through a dashboard of accomplishments

and expenditures. As new problems have arisen, city leaders

are expanding this portfolio of plans, forming a blueprint for a Figure 3. Grand Rapids sustainability

. . . .1 . rt. Click i t
sustainable future. The Grand Rapids Climate Resiliency Report is Zrogrjzssdrepo crimage o
ownioaaq.

the latest addition.
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1.2 Community Partnerships

The City of Grand Rapids has also been effective in utilizing community partnerships to advance
economic, social, and environmental initiatives. Key partnerships include a waste-minimization and

recycling promotion that supports local businesses with Local First; regional transportation planning

with the Grand Valley Metro Council; a residential home energy program through WMEAC; urban
tree canopy analysis and planning with Friends of Grand Rapids Parks; and neighborhood development

with Seeds of Promise. The Grand Rapids Community Sustainability Partnership is a city-sponsored

program that has 225 members from the business, public, and educational sectors. It is a true testament

to community-wide support for triple bottom line efforts.

In general, a culture of sustainability is alive and well in Grand Rapids. It has been adopted by the local
government, businesses, nonprofits, foundations, and neighborhood organizations. However, there
are practical reasons for looking into the impact of climate change on local community. In the article
entitled “Local Governments Must Take Charge of Building Resilient Communities,” Haris Alibasi¢
argues that “climate change presents a whole new set of challenges when it comes to emergency
planning and preparedness for municipalities” and concludes that “both the planning and investments
in infrastructure made by the City were put to the test with the recent flood and the extreme heat waves

in the summers of 2012 and 2013.”°

Climate resiliency represents a new paradigm for local sustainability. It acknowledges that there are
existing policies, practices, and programs related to core city functions and services that make Grand
Rapids more climate-resilient. Still, there are also ways in which Grand Rapids must evolve with a
changing climate to ensure a sustainable and thriving community. Finally, resiliency recognizes the

existence of opportunities on which to capitalize in a dynamic climate future.

1.3 Understanding Climate Change

The average global temperature has risen by approximately 1.4° Fahrenheit (F), or 0.8° Celsius (C), over

the previous century.” This has affected communities worldwide in diverse and often dramatic ways.

The most well documented examples involve ice and water deposition. Ice covered approximately 50%
of the summertime Arctic Ocean when satellite tracking began in 1970; it covered only 24% in 2012.
Snow pack melt is accelerating at an even faster rate: 18% loss per decade compared to 11% for sea ice
cover, exceeding the predictions of previous climate change models.® In some areas this has an adverse

effect on ground and surface water replenishment and retention, vital processes for agriculture, drinking
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water, sanitation, and many other primary functions for modern society. Other acute impacts include
the severe droughts in Africa and Asia, which have created an estimated 42 million “environmental

migrants.” This figure could increase by one billion worldwide if conditions persist.’

There is scientific consensus that climate change is the result of an increased proportion of greenhouse
gases in the Earth’s atmosphere. Under normal conditions, short-wave solar energy penetrates the
atmosphere and is absorbed on the Earth’s surface through vegetation, soil, water, and manmade
materials, and converted into long-wave, infrared energy. Greenhouse gases capture too much of this
energy as it is released from the surface and prevent it from escaping the planet—increasing global

temperatures.

Scientists posit that the increased level of greenhouse gases can be attributed to an increase in
anthropogenic (human-caused) activities that release greenhouse gases, predominantly carbon
dioxide (CO,). Since 1958, data on CO, levels has been collected at the Mauna Loa Observatory in
Hawaii, the longest such direct study of CO, levels in the world. CO, increased from 317 parts per
million (ppm) in 1958 to 397 ppm in 2013 (see Figure 4)."° Based on ice core samples and geologic
studies, scientists have determined that CO, levels remained steady at around 280 ppm during the
previous 2,000 years. Moreover, evidence suggests that they have never been at or above 400 ppm in

the last 15 million years."

Atmospheric CO, at Mauna Loa Observatory
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Figure 4. Carbon dioxide (CO,) concentrations measured in the atmosphere since
the late 1950s.
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CO, is neither the only greenhouse gas

nor the most potent one. However, it is
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Land and ocean temperature data from Figure 5. Comparison of historic and current temperatures to the
the beginning of the twentieth century period average. Black line: period average; green/blue line: annual

through the first decade of the twenty-first emperature averages.

century indicates an increase in annual average temperatures as compared to the overall average
temperature during that time period (see Figure 5)."* These revelations have increased interest in
mitigation efforts that reduce greenhouse gases. However, these gases can persist in the atmosphere
or other parts of the environment for extended periods of time. Even if all anthropogenic greenhouse
gas production ceased, a significant warming period could still follow. This concept is known as the

climate commitment; complex atmospheric physics have prevented a definitive scientific consensus

on the extent of that commitment.??

A 2 °Crise is a “line in the sand”

As part of the Kyoto Protocol, an international agreement between 141 countries to address climate
change, the scientific community identified a specific global temperature gain over preindustrial
levels at which damage to the Earth’s systems will have extreme consequences for humanity. A 2 °C
temperature gain (3.6 °F) has been labeled a proverbial “line in the sand”'* That temperature gain
has an approximate corresponding safety line for greenhouse gas emissions: 350 ppm is deemed an
acceptable worldwide level of CO, in our atmosphere; 450 ppm is generally correlated to the 2 °C rise.

Currently, CO, levels in the atmosphere are at approximately 400 ppm.

In 2011, it was estimated that the United States was responsible for the equivalent of 5.4 billion tons
of CO, emissions. This is roughly 16.2% of the global total of 33.4 billion tons."” Figure 6 depicts the
national trend of carbon emissions in the United States.'® These total emissions have been decreasing
since 2007. An updated report by the Natural Resources Defense Council states that national CO,
emissions have fallen by 9% since 2005, and this happened even as the economy grew.'” However, while

national CO, emissions may be trending downward, global emissions are not. The rapid growth of
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developing countries such as China and India is significantly increasing emissions. Megacity industrial

hubs like Shanghai and Beijing are contributing a massive amount of CO, to the atmosphere.'®

1.4 Climate Change in the Midwest

Recent studies have documented noticeable climate changes occurring throughout the U.S. Midwest.
These changes have already begun to affect communities and people, from farmers to urban residents.
Shrinking ice coverage is a highly visible symptom of climate change and has an impact on Great Lakes
ecosystems and on industries such as fishing and shipping. Since 1973, the Great Lakes have been

monitored for changing ice coverage. Data shows that winter ice coverage on the lakes decreased by

71% between 1973 and 2011." (Ice reflects solar energy, another example of a negative climate feedback

loop). Winter air temperatures increased by 2.7 °F during that period. The combination of increased
air temperature and reduced ice coverage has caused water temperatures in Lakes Superior, Michigan,
and Huron to increase by 4.5, 3.3, and 4.3 °F, respectively.*® While rising annual temperatures are
considered a major contributor to reduced ice coverage, researchers have found that four-to-eight-
year natural El Nifo/La Nifa air current oscillations also have an impact. In the summer of 1995,
Chicago experienced an unprecedented seven consecutive days of temperatures in excess of 90° F and
90% humidity. Some 1,000 hospital visits, 3,000 emergency department visits, and 500 deaths were
attributed to the heat wave.?! Chicago saw an increased frequency of extreme heat events and prompted

comprehensive changes to city planning and emergency preparedness.

1.5 Climate Change in Grand Rapids

With the support of Grand Valley State University’s Elena Lioubimtseva, this project employed the

Model for the Assessment of Greenhouse-gas Induced Climate Change and Regional Scenario
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Generator (MAGICC/SCENGEN), developed by the National Center for Atmospheric Research.”
While MAGICC/SCENGEN has been accepted and used by the Intergovernmental Panel on Climate
Change (IPCC) and other agencies to model climate change, its ability to emulate real-world trends
is limited. In addition to the inherent uncertainty of climate modeling, MAGICC/SCENGEN has a
significant limitation in that it deals in seasonal averages and is not capable of forecasting extreme

weather trends.

Climate Narrative: Hurricane Sandy Impacts Michigan

Climate change is often perceived as a faraway issue affecting other people in distant countries.
Perhaps this perception has been fueled by years of media reports featuring images of polar bears,
melting ice sheets and glaciers, drought, and tropical storms. Impacts will be felt asymmetrically
and disproportionately around the planet, but they will be felt everywhere. Indeed, global climate

change will be felt on the local level.

Hurricanes are usually associated with tropical and subtropical coastal regions, but the impact
of Hurricane Sandy was felt throughout the Midwest and Great Lakes. Intense winds from Sandy
created huge waves and led to damage across the Great Lakes system (see Figure 7). The storm
deposited sediment in harbors and channels and caused structural damage on the shoreline. Some
West Michigan harbor towns were impacted enough to elicit a federal response. Holland received
$200,000 to dredge shoaling at the harbor mouth and Saugatuck received $370,000. Another
$19 million in Hurricane Sandy federal recovery funding will be available to repair the storm’s
damage to Great Lakes harbors.2®> A National Hurricane Center report estimated the costs of
Sandy at $50 billion. It’s not yet possible to blame individual weather events on climate change,

but scientists believe that climate change exacerbates their magnitude and frequency.

Figure 7. A man rides his bike along Lake Michigan in Chicago as waves

from Hurricane Sandy winds pound Lake Shore Drive.
Photo: Chris Bentley, via Flickr Creative Commons
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Table 1. Projected Changes in Temperature and Precipitation for
Grand Rapids Area in 2022 and 2042

1961-1990 2022 2042
Monthly
Average Change from Change from
(Baseline) Baseline Baseline
Temperature °C °C °C
Annual Change 8.5 1.1 2.2
Winter (Dec-Jan-Feb) -4.3 1.4 3.3
Spring (Mar-Apr-May) 7.7 0.9 1.9
Summer (Jun-Jul-Aug) 20.7 0.9 2
Fall (Sep—Oct-Nov) 9.7 1 2.2
Precipitation centimeters % change % change
Annual Change 7.6 2.6 8.5
Winter (Dec-Jan-Feb) 5.1 5.6 15.6
Spring (Mar-Apr-May) 7.7 6.5 10.4
Summer (Jun-Jul-Aug) 8.8 -1.1 2.2
Fall (Sep—Oct—Nov) 8.9 25 5.3

Results produced for coordinates relating to the City of Grand Rapids and projected to
an area of 2.5° by 2.5° using MAGICC/SCENGEN, a coupled gas-cycle and atmosphere-
ocean general circulation database climate change model with an assumed A1B scenario
as developed in the IPCC’s Special Report on Emissions Scenarios.

Historic data: World Climatological Organization, 2013

Modeling: Dr. Elena Lioubimtseva, Grand Valley State University, Department of
Geography and Planning, 2013%*

This report’s MAGICC/SCENGEN climate-change analysis was modeled to align with the Grand Rapids
Master Planning process, which is developed and adopted for 20-year intervals and updated periodically.

The MAGICC/SCENGEN model forecasts annual and seasonal temperature and precipitation changes
for the years coinciding with the next two Grand Rapids planning cycles of 2022 and 2042, from the
average of baseline years 1961-1990. To gain an understanding of seasonal variability from climate

change, the analysis produced results for each season within the respective years.

As shown in Table 1, Grand Rapids can expect both warmer temperatures and increased precipitation
from 2013 through 2042 on an annual basis. By 2022, annual average temperature is predicted to rise
from a baseline of 8.5°C (47.3 °F) to 9.6 °C (49.28 °F), then to 10.7°C (51.26 °F) by 2042. Precipitation
is expected to increase from a baseline annual average of 7.6 cm to 7.8 cm and 8.3 cm by 2022 and

2042, respectively.
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Though only projecting through the middle of the century, the trend shown through this analysis
is in accordance with the National Climate Assessment and Union of Concerned Scientists’ climate
change projections for Michigan through the end of the twenty-first century. According to these
models and others with a focus on the Midwest, Michigan’s average annual temperature is projected
to increase by between 3 and 7 °C, with an increase in precipitation of between 20% and 70% by the

turn of the century.?

The impacts most likely to test resiliency are due to seasonal variability and the possibility of extreme
swings in temperature and precipitation from year to year and from season to season.” The MAGICC/
SCENGEN results indicate there is a strong likelihood of variance in temperature and precipitation
change patterns within each year, such that some seasons are likely to get warmer and incur more

precipitation while the opposite may occur in others.?

For example, the largest increases in temperature are predicted during the coldest season, winter. The
months with the least amount of predicted temperature rise are during the summer. The increases
during the winter period are the cause of a predicted increase in average annual temperature. This trend
could drastically alter seasonal patterns in Michigan and have implications on flora and fauna as well as

on energy needs and water cycles.”

The largest increase in precipitation, according to the model, is likely to occur during the winter and
spring months. In 2022, the spring months show the largest increase in precipitation, with winter close
behind. By 2042, that trend is expected to reverse, though both seasons show relatively similar increases
and remain well ahead of the other seasons. While the autumns of 2022 and 2042 show a minimal
amount of precipitation increase, each is still projected to be wetter than current and past falls. Summer,
however, while not increasing in average monthly temperatures as much as the others, is the only season

projected to become drier.*

Grand Rapids CO, Emissions and Climate Agreements

The 2009 Grand Rapids Office of Energy and Sustainability Energy Efficiency and Conservation Strategy

Report found that Grand Rapids emits 2,015,648 metric tons of CO, annually. Grand Rapids municipal
operations accounted for 98,900 metric tons of CO,.*' The benchmark 2 °C rise, or roughly 450 ppm,
corresponds with 37 million metric tons of CO, equivalent emissions globally. Using a proportional,
back-of-the-envelope calculation based on current emission levels, Grand Rapidss “share” of the

worldwide limit is about 2,267,921 metric tons.
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Emissions data for Grand Rapids has not yet been updated through 2013. However, the City of Grand
Rapids Office of Energy and Sustainability is currently compiling the latest data, and the report should
be completed in 2013 or 2014.%

The City’s greenhouse gas (GHG) emissions report is a unique tool, providing specific and detailed
accounting of emissions that can be used to strategically target reductions. It has limitations, however.
For example, the U.S. Conference of Mayors recommends using 1990 as the baseline year, but due to a
lack of data, the City of Grand Rapids instead used 2008 as its baseline year. This makes it difficult to
track progress made in the last decade. Additionally, when data was not available, energy usages were
inferred based on 2009 usages. Another limitation of the report is that the data for the transportation
sector for FY2008 was not available. (This happens to be the sector with the most emissions.) However,

a complete data set from 2007 and emissions were used to extrapolate 2008 data.

The U. S. Conference of Mayors Climate Protection Agreement is a national call for the reduction of

carbon emissions throughout the United States. It is based on the 2005 Kyoto Protocol. Grand Rapids
joined the agreement; one of its significant commitments is a 7% reduction in emissions from 1990

levels by 2012.

Recently, Mayor George Heartwell joined other mayors in signing the Resilient Communities Agreement

Letter. It pledged to lead the “creation of more resilient cities, towns, and counties, built to overcome

our nation’s extreme weather, energy, and economic challenges.”*
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2 Economic IssUEs

2.1 Energy

The economic impacts of a changing climate will be far-reaching, interconnected, and difficult to
precisely anticipate. The goal of this report is to focus on the most likely and pronounced impacts with
the intent of planning for a more resilient community. In economic terms, one of the most profound

impacts will be on energy. Supply, demand, and energy infrastructure are all key areas of focus.

According to the U.S. Environmental Protection Agency (US EPA), “changes in temperature,
precipitation, sea level, and the frequency and severity of extreme events will likely affect how much

energy is produced, delivered, and consumed in the United States*
The US EPA identifies the following likely major impacts:
« Demand for cooling energy will increase and demand for heating will decrease.

« Americans will use more electricity for air conditioning and less natural gas, oil, and

wood for heating.
o Warming is likely to increase summer peak electricity demand.
« Increased evaporation will impact energy-consuming water processes.

Decreasing flows in rivers will lead to decreased production of hydroelectric power.

The Michigan Public Service Commission (MPSC) is the regulatory agency tasked with anticipating
changes in the energy sector. While the MPSC hasn’t directly addressed climate change in a dedicated
report, it is currently researching the issue from an emergency preparedness perspective. Moreover,
the MPSC does not ignore climate data. The MPSC’s Energy Appraisal utilizes 21 separate time series
and econometric models, including data from the National Oceanic and Atmospheric Administration’s
(NOAA) National Weather Service Climate Prediction and Data Center. The MPSC releases two energy
appraisals every year that project short-term energy supply and demand.

Climate Change Will Impact Energy Supply and Demand in Michigan

Climate change will impact both energy supply and demand. In the long term, forecasts suggest that
heating costs will decline while cooling costs will increase. The MPSC recently noted that Michigan

experienced a mild winter season followed by a summer of intense heat, 45% and 68% above normal
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in June and July 2012, respectively. In fact,
summer 2012 brought an all-time high
peak demand for Consumers Energy on
July 17, 2012, exceeding its previous high
of 8,930 megawatts (MW) set in 2011.%
Summer 2012 temperatures in Grand
Rapids align with long-term climate
forecasts, but it cannot yet be proven that

the weather experienced in any given

season is due to climate change.

Figure 8. Storm events can bring flooding and high winds, which

threaten the reliable delivery of liquid fuels. Also, gasoline pumps On the supply side, the most anticipated
generally require electricity to function. Photo: Cody Austin . i
impacts of climate change are related to
energy infrastructure. Increasingly volatile weather events and extended periods of peak demand may
stress vulnerable energy infrastructure. Peak loads associated with extremely hot summers coupled
with a predicted increase in the number and intensity of storm events (see Figure 8) have the potential

to create more supply disruptions, including outages and damaged energy infrastructure.*

According to Nancy Popa, manager of long-term strategy for Consumers Energy, “extreme temperatures
and high humidity could challenge our systems to deliver the energy needed to cool people’s homes.”
This is particularly true for heat events of extended duration—annual system planning models account
for changing weather patterns and demand to assure that the energy supply system is robust and able to
respond to changing conditions.”” Additionally, she says that system transmission becomes less efficient
during high-heat, high-humidity events because of reduced grid conductivity. Put another way, the

hotter it gets, the more energy is wasted in transmission.

Extreme storm events can also bring flooding and high winds, which can impact the reliable delivery
of liquid fuels. Michigan’s energy supply is largely fossil and mostly imported. All of Michigan’s coal
is imported, as well as the vast majority of its natural gas and liquid fuels.’® This dependence increases
climate change vulnerabilities. For instance, railroads that are used to transport coal and other fossil
fuels can be affected by flooding and delayed by fire. Additionally, low water levels and extreme weather
events can impact water-based energy suppliers and shipping. The Gulf of Mexicos offshore drilling
platforms have been consistently impacted by extreme weather, including Hurricane Ivan, which
damaged 24 platforms in 2004, and Hurricanes Katrina and Rita in 2005, which damaged more than

100 platforms.* Michigan, like many states, is dependent on areas prone to tropical systems.
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Energy Sector as Contributor to Climate Change

The use of fossil fuels in the energy sector is one of the
leading contributors of CO, in the atmosphere. The
accumulation of these emissions continues to push global

temperatures toward the 2 °C temperature increase from

preindustrial levels, which scientists and policymakers

around the world agreed should not be exceeded.

Locally, resiliency demands that communities not

only brace themselves against impacts, but also do
their part in understanding and mitigating their own Figure 9. Creating a resilient city will require changes

L . . from consumers as well as producers.
contributions to climate change (see Figure 9). A

Photo: eutrophication&hypoxia

resilient energy system would be composed of a diverse

portfolio of energy sources that have little or no CO, emissions. It would transport energy through an
efficient, hardened electric infrastructure that is scale-diverse, geographically distributed, redundant,

and smartly interconnected.

2.2 Energy/Water Nexus

Climate change will highlight the connection of energy and water in the modern world. According to
the US EPA, current power-generating facilities can require up to 25 gallons of water to generate 1 kWh
of electricity, using approximately 3.3 billion gallons per day.*” Water filtration systems use energy to
draw and move water, and electric facilities use water to produce energy. On the hottest days both are

operating at peak capacity, the one to provide water and the other to provide the electricity for cooling.

In addition to its use for shipping fuels and energy equipment, water plays a role in the production and
distribution of energy. For example, Consumers Energy and other energy providers use water to cool
major energy plants.* The intake pipes for these plants are currently designed for the 100-year-low
water level. The drought in 2012 brought with it some near-record low water levels, specifically in the
Michigan-Huron system, reaching an average of 175.9 meters.* While lake levels have not dropped
to the 100-year low yet, there is growing concern that if the trend continues, energy producers may
need to modify their facilities and infrastructure to increase resiliency against fluctuating lake levels.*
Increasingly dry conditions, and increased evaporation during winter due to a lack of ice, could force

utilities to move intake structures farther out into the water.

While a decline in lake levels is a concern, a rise in water temperature could prove a bigger problem.
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When water used for cooling is warmer, a greater quantity is required. This would result in a decrease in
plant efficiency.* Additional impacts could manifest in water exiting the plant. Water used for cooling is
discharged into the water system at warmer temperatures than would occur naturally. If the plants are
forced to draw in water that is already at increased temperatures, discharge water temperatures would
be even warmer than they are now. Consequently, plants may have problems complying with permits
from state environmental agencies, which generally have seasonal temperature limits to protect fish and
other organisms living near water discharge points. However, there would likely need to be “a drastic

change” before the plant would be unable to operate or would face safety and compliance problems.*

On the opposite end of the spectrum, spikes in precipitation can lead to increased electricity demand
from water treatment facilities to keep up with the influx of water from rain. This is exacerbated by the
fact that planning documents for water treatment facilities are based on old hydrological forecasts.*
Both the quantity and quality of water are affected when water temperatures are elevated. Changing
water temperatures can also release pollutants from lake and stream beds, which could require more
extensive processing at water treatment facilities that draw from these sources.”” Warmer water
temperatures also increase the amount of materials that must be filtered in water processing plants as
certain flora and fauna rapidly reproduce. Likewise, aquatic organisms used in wastewater treatment

are stressed by decreased oxygen and higher temperatures, making the facilities less efficient.*®

According toa 2013 report from the Department of Energy called “U.S. Energy Sector Vulnerabilities to
Climate Change and Extreme Weather,” a unit at American Electric Power’s D.C. Cook Nuclear Plant
was shut down in 2006 because high temperatures both in containment and in Lake Michigan were
too high for cooling (see Figure 10). The
plant was returned to full production

five days later when the heat subsided.”

Water- and energy-planning models will
have to be updated and deployed within
Grand Rapids and surrounding regions
toprepare for expectedincreased weather
variability.®® The Natural Resources

Defense Council offers an accounting of

favored resiliency approaches to protect

the health of water systems. These

Figure 10. The D.C. Cook Nuclear Power Plant was shut down in July
2006 because of extreme heat. recommendations include:*
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o Implement water use efficiency.

+ Use “climate smart” water-management tools such as groundwater banking and water

recycling.
 Factor energy use into each component of water use, including transport and treatment.

« Factor climate change into feasibility analyses and project design—particularly with

storage and surface facilities.

Michigan Energy Planning

In early 2013, Governor Rick Snyder’s administration enlisted the MPSC and the Michigan Economic
Development Corporation to lead a series of seven public forums across the state. The goal was to

gather input from various citizens, businesses, and other organizations to help create a statewide energy

plan. Two of the forums were held in West Michigan, one in Grand Rapids, the other in Kalamazoo.
Scheduled for release in late 2013, the plan will focus on reliability, affordability, and the environment.
It is a step toward understanding community needs and the weaknesses and opportunities that exist on

both the supply and demand sides of the energy system.

In 2008, Michigan enacted Public Acts (P.A.) 295 and 286 as the foundation of its statewide energy
policy. From a climate and environmental perspective, the state renewable portfolio standards and
energy optimization standards enshrined in those laws represent progress. The MPSC believes that
the standards have also kept Michigan competitive with outside energy markets while benefiting
businesses and citizens.”? P.A. 295 featured a statewide renewable electric standard of 10% renewable
energy by 2015, an electric efficiency standard that ramped up to 1% annually, and a gas efficiency
standard of 0.75%.

Michigan electric and thermal energy producers are on pace to meet the deadline for the 10% renewable
energy standard (Figure 11),” though once that standard is met the mandate loses its effectiveness.
On the efficiency side, the 1% annual target will remain in effect as long as providers meet it “cost-
effectively” and the law remains unchanged (see Figure 12).>* Twenty-seven states have efficiency
resource standards, with certain Midwest states boasting annual efficiency targets of 2%. In all, 30 other

states have higher renewable energy and energy efficiency goals than Michigan (Department of Energy

Database of State Renewable and Energy Efficiency Standards, August 2013).>
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Figure 11. Michigan energy providers have met state renewable energy goals.

According to Haris Alibasi¢, director of the City of Grand Rapids Office of Energy and Sustainability,
energy efficiency could be the factor that provides the greatest contribution to the community from
a triple bottom line perspective. He explains that “if you address [energy efficiency] properly...It’s

a simple financial proposition.”* The benefits of energy efficiency have attracted attention from the

highest levels of government and business. In his 2013 State of the Union address, President Barack
Obama set a new goal for America to “cut in half the energy wasted by our homes and businesses over

the next 20 years.”

In 2009, leading global consulting firm McKinsey and

Figure 1:
Company found that the U.S. economy has the potential to Elecinc £0 Torgets By Vear (MWh)
reduce annual non-transportation energy consumption by  Z o037 ssa s
c
23% by 2020. This would save $1.2 trillion at a cost of $520 @ g P
3]
billion, not including program costs, and would decrease &
L
greenhouse gas emissions by 1.1 gigatons annually, the > e
-
equivalent of taking the entire U.S. fleet of passenger vehicles @ e
. L
and light trucks off the roads.”® O
g
The US. government has already made a significant © |
e v <A A AT
investment in homes and businesses to cut energy waste. -

As part of the American Recovery and Reinvestment Act’s Figure 12. Michigan electric providers have

energy efficiency programs, a federally funded collaboration = met state energy efficiency goals.
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bringing together WMEAC, the City of
Grand Rapids, and a handful of public and
private sector partners, the Better Buildings
for Michigan program was responsible

for the audit and retrofit of more than

1,900 homes in greater Grand Rapids (see
Figure 13). The program will save Grand
Rapidians approximately 148,444 therms,
297,667 kilowatt-hours, and 998 metric
tons of CO,.”

Figure 13. Better Buildings for Michigan brought the City of Grand

Rapids together with local contractors to retrofit almost 2,000 Why the excitement about ener gy

homes in the Grand Rapids area.
efficiency? Its low cost is the primary driver.
Energy efficiency involves accomplishing the same, or more, with less energy. It’s not about sacrifice—

an important distinction between energy efficiency and energy conservation.

Businesses, utilities, regulators, and many other stakeholders are experiencing and documenting the
benefits of energy efficiency. In Michigan, it is the cheapest source of new energy: the MPSC’s 2013
report to the state legislature found that energy efficiency cost Michiganders $20/MWh (megawatt-

hour), compared to renewable energy at $82.5/MWh and new coal at $107/MWh.®

In addition, thousands of homes have been weatherized by local social service providers including
the Salvation Army, ACSET (Area Community Services Employment and Training Council),
Community Action Agency, Home Repair Services, and others. Improvements targeted at lower-
income households have the added advantage of saving taxpayer and ratepayer dollars by decreasing
low-income heating assistance payments. Energy efficiency frees up cash in tight monthly budgets and
makes for more stable families and communities, as it returns dollars spent on energy to residents’
wallets and the local economy. Energy efficiency also increases home values and decreases the cost of

renting or owning a home.
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Local Story: Holland Home Energy Retrofit Plan

Holland has assembled a number of energy task forces to pilot and innovate community-wide

energy efficiency improvements as called for in its Community Energy Plan.

In 2013, the Holland Home Energy Retrofits Task Force, the Community Energy Advisory Group

(CEAG), local organizations, and municipal staff approved a home retrofit program plan to be

considered by the Holland City Council. The comprehensive, city-wide energy retrofit plan aims to
assess ways in which Holland residents can improve their home’s energy efficiency and integrate

energy-saving measures in their houses.

If approved by the city council, the voluntary program will aim to bring all participating homes up
to Department of Energy Level 7 efficiency standards—which will place participating homes in
the top 30% for home energy efficiency nationwide. Over 200 Holland households have already
expressed an interest. Retrofits will range anywhere from simple fixes such as the installation
of low-flow shower heads to more complex, deep-energy retrofits such as insulation, major

appliances, and improved heating and cooling systems.

Task force members expect to invest between $15,000 and $25,000 in each participating home.
Current plans call for the establishment of a revolving-fund energy trust, a joint public and private
trust that would be used to fully finance home modifications suggested by audits. In what will be
a significant innovation, “on-bill financing” will allow homeowners to repay their monthly energy
savings from the retrofits back into the fund for a period of 10 to 12 years in order to offset the
upfront costs of the renovations. Organizers hope to finalize funding options and begin home

efficiency audits in 2014.

2.3 The Built Environment

The way in which our civilization, community, and individual buildings are built is a large contributor
to climate change. The built environment is defined as the physical structures and organization patterns
of buildings, blocks, neighborhoods, villages, towns, cities, and regions, plus their essential supporting
systems, including physical infrastructure, resources, and operations.® The definition varies by industry,
and is understood by some to include community infrastructure and development patterns, and to

others the architectural and operational elements of residential and commercial buildings.

In general, the built environment represents an important component of the climate resiliency

discussion, and to a certain extent encapsulates the issue as a whole. Some of this is simply common
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sense: Siting buildings adjacent to the Grand River, for instance, puts these properties at higher risk for
flooding damage. Other points of the discussion are less obvious, particularly those related to what has
been called a resilient/low-carbon community. In his action plan for community resiliency, Stephen
Coyle makes a distinction between a conventional/high-carbon built environment and a resilient/low-
carbon built environment. In his model, there are two goals for the creation of a sustainable, resilient

community:*

1. Ensure that future patterns of growth and regrowth are efficient, resource-conserving,

ecologically benign, and socioeconomically vibrant.
2. Create an economy that reflects and reinforces the economic value of these efficiencies.

Even at the individual building level, the importance of the built environment cannot be understated.
Americans spend 90% their time inside buildings.”’ These are generally the largest operational expense
and most significant asset for both organizations and individuals. They fulfill a universal basic need.
They are also a large contributor to climate change in the United States. According to the U.S. Energy
Information Administration, residential and commercial buildings account for approximately 37%
of greenhouse gas emissions.®* As such, the built environment offers a great opportunity for climate
change resiliency. If designed appropriately, a resilient building is able to absorb the impacts of climate
change and provide meaningful reductions toward it. As local green building expert Keith Winn states,

“We have to build buildings like our lives depend on it.”®

LEED and Other Challenge
Platforms Build Climate Resiliency

The most widely adopted model
for designing sustainable built
environments has been the Leadership
in Energy and Environmental Design
(LEED) Green Building Rating
System from the U.S. Green Building
Council (see Figure 14). However,
LEED is not the only building design

platform that increases sustainability

and contributes to a more climate-

Figure 14. WMEAC offices on 1007 Lake Dr. are Double Gold LEED-
resilient city. e Livin uilding certified. Photo: Nicholas Occhipinti
lient city. The Living Building fied. Photo: Nicholas Occh
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Challenge, Energy Star, and the 2030 Challenge are additional third-party means to define and measure

“green buildings.”

LEED attempts to define and measure “green building” by providing a scorecard of benchmarks and
best practices proven to improve building performance in energy savings, water efficiency, emission
reductions, improved indoor environmental quality, stewardship of resources, and sensitivity to
environmental impacts. Many LEED standards serve to directly reduce climate emissions while building
resiliency for the building occupant. Sometimes these design standards extend into the surrounding

community.
LEED credit categories include:

o Strategies that minimize the impact on ecosystems and water resources, including green

infrastructure.
« Smarter use of water, inside and out, to reduce potable water consumption.
« Energy and atmosphere credits that promote better building energy performance.
 Sustainable building materials and waste standards.

» Indoor environmental quality benchmarks including air quality and access to daylight

and views.

« Walkable, mixed-use neighborhoods with efficient transportation and good connections

to open space.

» Awareness and education credits encourage home builders and real estate professionals
to provide homeowners, tenants, and building managers with the education and tools

they need to understand and make the most of the green building features of their home.

The City of Grand Rapids has recognized LEED as a valuable tool to meet its sustainability goals.
In January 2006, the city commission approved a resolution directing city personnel to implement
the principles of LEED and the corresponding Energy Star and Green Lights protocols, including a
specific requirement that all municipal construction and renovation projects larger than 10,000 square
feet and with a cost greater than $1 million receive LEED certification. Additionally, the City’s zoning
ordinance was aligned with pilot LEED-ND principles, which allow a developer who carefully follows

the zoning ordinance to earn LEED-Neighborhood Development (ND) certification.
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LEED has also become a critical component in how the City markets itself on the national stage,
and for good reason. Grand Rapids has more buildings with LEED certification per capita than any
mid-size U.S. city, and is fifth among all U.S. cities. It also currently has one of the world’s highest
LEED-rated buildings, Catalyst Partners/M Retail Solutions. It is also home to the first structures with
LEED certification in many categories, including the first LEED Gold art museum (Grand Rapids Art
Museum), the first LEED YMCA (the David D. Hunting YMCA), the first transit station (Rapid Central
Bus Station), the first school (Goodwillie Environmental), the first Habitat for Humanity chapter to
commit to build all LEED-certified housing, the first residence (St. Anthony of Padua rectory), the first
church (Keystone Community Church), the first healthcare project (Lacks Cancer Center), and the first
Double Gold building (East Hills Center of the Universe).®

Keith Winn is the president of Catalyst Partners, a Grand Rapids-based business engaged in the
development and implementation of green building design, development, construction, and LEED
certification. A founder of the United States Green Building Council (USGBC), Winn was a project
manager for the world’s first LEED building, the Herman Miller Greenhouse in Holland, which served
as the pilot project for the rating system in 1995.

Winn reports that early commitment to green building was driven by customer demand as much as by
an interest in improved efficiency and productivity. The architecture and design community is intensely

competitive, with sustainability a battleground issue.”

The industry is already moving beyond the basic principles of LEED. (LEED status itself is a moving
target, as the system raises the bar for its standards every three to five years.) Leading examples of this
include Architecture 2030’s challenge to make buildings carbon-neutral by 2030 and the Living Building
Challenge, which has recently become visible in Grand Rapids thanks to its inclusion in a crowd-
funded, affordable housing project to transform the Baxter neighborhood into a LEED Neighborhood

Development area.

The Living Building Challenge is one of the world’s most aggressive green building standards,
encouraging developments to generate their own energy and process their own waste. It encourages a

collaborative model in which multiple projects or buildings share in infrastructure investments.
The “Petals” of the Living Building Challenge Standard 2.1 include:*®
o Site: Limits to Growth/Urban Agriculture/Habitat Exchange/Car-Free Living

«  Water: Net Zero Water/Ecological Water Flow
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o Energy: Net Zero Energy
o Health: Civilized Environment/Healthy Air/Biophilia

o Materials: Red List/Embodied Carbon Footprint/Responsible Industry/Appropriate

Sourcing/Conservation + Reuse
« Equity: Human Scale + Humane Places/Democracy + Social Justice/Rights to Nature

« Beauty: Beauty + Spirit/Inspiration + Education

The Unique Role of the City of Grand Rapids in the Built Environment

Ultimately, climate change mitigation and resiliency improvements to the built environment are
driven by cost and performance. Many private developers prioritize deadlines and budget over climate
resiliency and environment. The success of “greening” the built environment will be determined by the
extenttowhich projectmanagersareabletodemonstrateareturnoninvestmentor the mitigation of risk.

The value of potential gains in efficiency and productivity over the life of the investment—plus
the secondary benefits found through marketing claims, talent attraction, and risk mitigation—is
significant. There is also emerging evidence that green buildings command higher property values,
while resilient buildings command lower insurance premiums.”’” However, due to the relatively low
cost of energy, it is difficult to make a business case for some of the most innovative and furthest-

reaching green building investments.

There is a secondary driver in green building and sustainability: leadership. Through its public
commitment to green building, the City of Grand Rapids is demonstrating the value of best practices
while forcing vendors to adopt practices they may have not otherwise considered. This phenomenon is
well documented locally through nonprofits that seek capital campaign funds from the Wege Foundation,
which requires LEED certification. In a similar fashion, the Michigan State Housing Development
Authority is pushing developers of affordable housing toward sustainable practices through its green

building incentives.”!

Limitations of Green Building in Climate Resiliency

Until recently, green building practitioners have focused efforts on lessening the built environment’s
contribution to climate change, primarily through emissions reduction. The most recent iteration of
the USGBC standard available, LEED 3.0 in 2009, allocated more than 25% of its available points for

reducing greenhouse gas emissions associated with building systems, transportation, water, waste, and
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construction materials. A 2011 addendum on climate change resiliency created in partnership with
the University of Michigan was careful to highlight that, although greenhouse gas emission reductions
by definition mitigate climate change, practitioners should include both mitigation and adaptation
strategies so that they may “shape the built environment in a way that is both responsive and resilient

to future climate extremes.””?

Adaptation is not part of LEED certification. However, through climate change resiliency guidelines
USGBC has provided strong guidance on regionally specific design, construction, and operation
strategies to make properties more climate-resilient. The core concept within the USGBC approach
is that climate change has made the future inconveniently unpredictable. It can no longer be assumed
that the future will be similar to the past, which creates a significant degree of problems for codes,
standards, and practices. Adaptation strategies are necessary to ensure that the environments we design,
build, and manage today will be suitable for a range of uncertain futures.” (For more specifics on how

climate change informs decisions in the built environment, see “Green Building and Climate Resilience:
Understanding Impacts and Preparing for Changing Conditions” by Larsen, L., et al.)

Incorporating Climate Adaptation into Existing Buildings™

Green building and adaptation strategies must be applied to existing buildings as well as new building
projects. Borrowing from the International Council for Local Environmental Initiatives (ICLEI)
process, the steps below describe how a project team can integrate adaptation strategies to existing

building sites:
1. Understand regional impacts: Identify climate impacts for the building’s region.

2. Evaluate current operations and maintenance targets: Understand the maintenance and

operations to perform under current peak climate conditions.

3. Conduct scenario analysis: Analyze how the building will respond to projected climate

change impacts, modeling different system options under a variety of climatic conditions.

4. Implement adaptation strategies: Install adaptation strategies that provide passive use
of efficient responses to more extreme climate events in order to maintain occupant

comfort while preventing increased energy use.

At all levels, the impacts of climate change on the built environment will depend on sensitivity and

adaptability. As the MAGIC/SCENGEN model suggests, weather trends are relatively easy to project in
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a general sense, but it is virtually impossible to forecast the myriad impacts with certainty. Adaptability
is a function of flexibility and accuracy of the impact forecasts. By understanding probable impacts,
design teams can set modified performance goals, diving deeper into project-specific changes at the
building or neighborhood level, and select strategies to increase resiliency and adaptive capacity.
Priority should be given to “no-regrets” strategies, those that will generate social or economic benefits

whether or not climate change occurs.”

2.4. Transportation

Transportation systems are community economic and quality-of-life assets that will be affected by
climate change.” Transportation is considered one of the largest contributors to climate change. The
IPCC estimates that transportation is responsible for 23% of global energy-related greenhouse gas

emissions, with about three quarters coming from road vehicles.””

It is estimated that transportation infrastructure in Grand Rapids currently requires $33 million a year
to maintain.”® The 2013 Grand Rapids Sustainable Streets Task Force estimates that it costs $22 million
per year to keep 70% of Grand Rapids streets and sidewalks in good or fair condition.” Funding has
not kept pace, and streets have experienced annual decline. In 2002, 40% of Grand Rapids streets were
in poor condition. Approximately 60% of the City’s 588 miles of streets are in poor condition today.
Almost 250 miles of those in poor condition are local or neighborhood streets.** As climate conditions
shift, portions of this infrastructure will increasingly be subject to climate-driven stresses and require

increased resources even to maintain status quo conditions.

The climate changes predicted by MAGICC/SCENGEN will directly impact transportation
infrastructure and will indirectly impact the system through changes in resource allocation, planning

methodology, transit modes, and settlement and patterns.®

Transportation Infrastructure

Traditionally constructed roads, sidewalks, and other transportation infrastructure in Grand Rapids
will be affected by climate change, presenting new challenges for civil engineers and decision makers
engaged in planning and maintaining the City’s roads. Road infrastructure was designed to withstand
local weather and climate based on historical weather data and records of extreme storms. However,

the EPA warns that “historical climate is no longer a reliable predictor of future impacts.”®

Increased precipitation softens and erodes underlying base layers of roads, which results in damaged,

warped, and cracked road surfaces. Inadequate drainage exacerbates these problems. During periods of
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extended high temperatures, the roadway material softens
and expands, creating ruts that are then aggravated by
vehicles to create potholes (see Figure 15). Such failures
will become more common if intense heat events continue

to occur.®®

Abed Itani, transportation director with the Grand
Valley Metropolitan Council, has increasingly observed
the failure of temporary and insufficient patches on
roads and sidewalks when subjected to temperature and

weather extremes. Consequences include automobile and

bicycle damage, safety risks, and traffic disruptions. Heat

Figure 15. Periods of high temperatures soften
and expand roadway materials, creating ruts,

waves can also limit construction to repair damage on a

which are exacerbated by vehicles to create timely basis, particularly during times of high humidity.**

potholes. Photo: Nicholas Occhipinti Itani believes the impact of these disruptions needs to be

accounted for through the integration of better data sets, placing the frequency and severity of repairs

in context of weather events.®

During the spring months, faster stream flows from more frequent and intense rainfall, coupled with
rapid snowmelt, could increase the likelihood of damage to bridges and drainage infrastructure such
as culverts. High water levels may also impede travel routes and cause backups and delays. In April
2013, a surging Grand River caused the closure of Fulton Street Bridge (see Figure 16), a major artery in
downtown Grand Rapids.* During the winter months, increased freeze-thaw events may occur within
a single season, causing pavement to contract
and expand while becoming more susceptible to

water infiltration and further damage.*’

Accordingtoltani,long-rangetransportationplans
incorporate environmental mitigation strategies
to minimize the impact of road construction and
maintenance on environmentally sensitive areas.

Under current “no netloss” policies, if destruction

of wetlands cannot be avoided, additional

Figure 16. Flooding in Spring 2013 closed the Sixth Street

wetlands must be established or enlarged to make

up for the destruction.® Ensuring no net loss of

and Fulton Street Bridges as well as others spanning the
Grand River. Photo: Nicholas Occhipinti

Grand Rapids Climate Resiliency

Copyright © 2013 West Michigan Environmental Action Council

Go to Contents
26



wetlands preserves natural green spaces and provides for natural
stormwater absorption and drainage that does not rely on the City’s

traditional “grey infrastructure” for treatment.

The Grand Valley Metro Council has maintained a policy of no
new roads in the greater Grand Rapids area for the past 10 years,
since the completion of M-6/South Beltline in 2004.*° The focus on
maintaining existing infrastructure encourages denser development
and redevelopment of existing properties and space. Dense,
multimodal, mixed-use development reduces the number and
length of automobile trips. It also reduces climate emissions from

fossil fuels and preserves climate-friendly green space.

Much of the reduced road construction is a result of limited state

funding.”® However, a lack of funds also prevents new developments

Figure 17. Plainfield Avenue

. : that could improve Grand Rapids’s climate-resiliency infrastructure.
bioswales are designed for

stormwater infiltration, neighborhood ~ The 2011 Green Grand Rapids report recommends “coordinated

beautification, and multimodal . . . » . .
, transportation and land-use decisions” that will establish new
transportation safety.

Photo: Grand Rapids Environmental ~ walking and bicycle trails throughout the City. It also recommends
Services Department reducing the number of travel lanes on four-lane roads and
increasing green space on medians to provide more green space and
bicycle lanes.” The report encourages the deployment of “green streets” to manage stormwater where
it falls with permeable pavement and rain-collecting landscaped areas around roads.” Even in small
increments, properly designed green space provides additional stormwater management. Such efforts
are already in place on several roads in Grand Rapids. Roundabouts on Wealthy Street near downtown
feature planted gardens in their centers, and a number of road medians in the City, including those on
Fulton Street between Dwight and Eastern, are planted with greenery. Perhaps the best examples are the
bioswales on Plainfield Avenue (see Figure 17). The project brought together the Michigan Department

of Transportation, the City, local foundations, Meijer, and Creston Neighborhood business owners and

leaders to beautify the district with greenery.

Complete, vital, and green streets encourage alternative, active transportation, reducing the wear and

tear on existing roads (see Figure 18). Building these streets is an urban best practice recommended
in both the 2002 Grand Rapids Master Plan and the Green Grand Rapids master plan update. The

City Commission adopted a Complete Streets Resolution on March 22, 2011. Selected complete-street
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layouts are already in design with further

developments in progress.”

Extensive implementation of these
developments is difficult without proper
funding. In particular, rebuilding streets
to complete street standards can increase
construction costs, often making these
projects prohibitive in current financial
climates.” Funding mechanisms have
been identified at both the state and local

level, but a solution has not yet been

found.

Figure 18. Complete and vital streets decrease CO, emissions while

While climate impacts will generally diversifying Grand Rapids’s transportation portfolio, building resiliency

into the system. Photo: Neil Jennings (FC)
cause greater expense for transportation
planners, there may also be cost savings. The increased variability of weather patterns, for example,

may also lead to milder winters, requiring less road salting and fewer repairs.*

Climate Impacts to Transportation Systems

The transportation system is built and maintained to serve “all people of our community” for various
purposes.” Eighty-eight percent of Grand Rapids commuters use personal vehicles as their primary
mode of transportation. Alternatives include walking, at 2.9%; public transportation, at 2.8%; other
options, at 2.0%; and the rest work from home.” Planning initiatives at the city and regional level have
focused primarily on maintaining the current state of the transportation system while incrementally
introducing and improving alternatives—for example, bike lanes where they can be easily added
(usually painted) and an upgrade of the City’s bus system (the Rapid) in the new Bus Rapid Transit
program (BRT).”

However, more community leaders are now speaking about a process of “changing the culture”
downtown, preferring access to sustainable, multimodal forms of transportation. The City of Grand
Rapids and the Downtown Development Authority recently announced a plan to increase parking
meter rates and shift revenue from Parking Services to the Downtown Development Authority to fund
a new position focused on transportation demand management. In addition to diversifying access and

reducing emissions, the idea could free up land within the City for more fruitful uses than parking.
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The Rapid has expanded bus services to new areas, increasing routes,
frequency, and the number of buses. It has also begun construction of
Michigan’s first bus rapid transit line (see Figure 19). The line is intended
to begin operating in August 2014 and service is expected to be 40%

faster than traditional routes. System and operational improvements

Transit Master Plan have been noticed by the American Public Transportation Association,
Anal Report
which named the Rapid an Outstanding Public Transportation System

by

for a mid-size city.

In three years, Grand Rapids has gone from zero miles of on-street bike

Figure 19. The Rapid’s Transit

Master Plan Final Report (click facilities to 35 miles as of October 2013. The region’s first cycletrack, a

image to view). Collaborative two-way bike facility separated from vehicular traffic, will be constructed
planning fostered community

b in Spring 2014. In addition, the Lyon Street Bikeway, proposed for
uy-in.
construction in 2015, would connect Plymouth Avenue to Division

Avenue. The bikeway would include a cycletrack and the region’s first bicycle signal system.*

People will experience transportation climate impacts in different ways. The most drastic impacts
are likely to be felt by underrepresented and vulnerable populations, such as minorities, the elderly,
the sick, and the poor. For many in Grand Rapids, basic needs such as fresh food, medical care, and
employment are not easily accessible.'” These populations disproportionally rely on less-sheltered
forms of transportation—public, biking, walking, and other modes.'” Improving multimodal access
will benefit these populations, but care will be required to minimize the impact of extreme temperatures,

precipitation, and poor air quality. (See the Air Quality section.)

Through much research and planning, Grand Rapids has successfully laid the intellectual foundation
to build a more climate-resilient transportation system. The Sustainable Streets Task Force builds upon
previous planning initiatives such as the 21st Century Infrastructure Task Force. The Green Grand
Rapids Master Plan calls for low-impact development, complete streets, and bike lanes. The City’s

Sustainability Plan lays out related goals and benchmarks. The Michigan Street Corridor Plan, a 2011

U.S. Department of Housing and Urban Development Sustainable Communities Challenge grant
recipient, is a corridor-specific improvement project that details the relationship between commerce,
residential needs, transportation, economic development, and the environment. Implementation

projects have begun across the City, but resources are needed to implement the plans.
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A multimodal transportation allows a broad spectrum of citizens to obtain basic needs. This in turn
reduces the burden on the rest of the community to provide these services. Although there are financial,
institutional, and structural challenges to overcome, Grand Rapids has developed robust strategies for

building transportation resiliency.

2.5 Agriculture

Kent County has 170,117 acres of farmland. Its 1,193 farms produce a market value of crop and livestock
sales of nearly $195 million, fifth highest of any county in the state. Grand Rapids is dependent on a

healthy local farm economy and the fresh food it produces.

While climate change can be modeled to make predictions, it is difficult to understand the interactions
between atmospheric and terrestrial systems.'”> Due to this limitation, we do not fully understand how
climate change will affect Michigan crops. However, we can expect that there will be impacts—and a

discussion of potential climate impacts allows stakeholders to be prepared for multiple future scenarios.

Extreme weather events may also occur in relative rapid succession, which makes planning difficult.
For agriculture in particular, climate change also affects plant growth, the spread of pests and diseases,

and water availability in both positive and negative ways.'®

The agricultural sector will also face known and unknown feedback loops. For example, while greater
rainfall and a longer growing season can enhance crop growth, they can also lead to more plant disease
and different and perhaps more virulent pests. Furthermore, if the greatest precipitation occurs in
winter rather than summer, then the longer growing season will not necessarily enhance rain-fed
yields and may delay the springtime drying of soil. On the other hand, if greater precipitation occurs
in summer but in fewer yet more intense storms, the benefit may be offset by nitrogen loss, erosion,
and other fertility problems.'** Precipitation is one of many climate changes that illustrate the complex

interactions between terrestrial, anthropogenic, and climate variables.

An additional consideration in the agricultural sector is increased levels of carbon dioxide in the
atmosphere. Carbon fertilization refers to the idea that increased CO, concentrations in the atmosphere
will increase crop yields.!® In fact, tests in controlled environments show this to be true, and could be
possible in real-world situations so long as other factors such as water availability do not limit their
growth. Yet some researchers have indicated that estimates of increased yield from elevated CO, may
be overestimated, as most experiments were conducted in enclosures that do not replicate interacting

factors such as weeds, nutrients, soil moisture, and decreased air quality.'®
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The general warming trend of the region as indicated by the modeling can also be viewed positively and
negatively. Some view the trend as an opportunity for varieties of crops typically planted in more southern
climates to be planted farther north.'”” While this may be true, there is an optimum temperature for
reproductive growth. Once that maximum is exceeded, plant and seed growth is diminished, reducing
yields.'”® Additionally, water availability may be limited as higher temperatures increase plant water use
and transpiration.'” Many climate models indicate an overall warming trend but also show seasonal
temperatures becoming more volatile and variable. This would cause extreme swings in temperature

during all seasons but especially during spring and summer.'"

Spring and Summer 2012

Much of the concern over climate change for the agricultural industry, however, comes from the
uncertainty caused not by long-term warming trends or precipitation patterns but by volatile and
variable weather patterns. These patterns may be from year to year or even from season to season. For

West Michigan growers, this concern was fully realized during the spring and summer of 2012.

On March 14, temperatures soared to record highs in the mid- to upper 80s and lasted for seven
consecutive days (or longer in some areas).""! The prolonged hot temperatures caused fruit trees to
blossom early, leaving them exposed and vulnerable when the weather returned to normal. In mid-
April, just weeks after record temperatures, there were several consecutive nights when temperatures
went below 27 °F, causing a deep frost. Most farmers had little time or resources to prepare for such an
event, though some deployed large fans at the ends of rows to circulate air, and others used irrigation
systems to keep the soil moist and allow more warm air to be held in the soil under the plants. However,
the events were so sudden, severe, and widespread that 80% to 95% of fruit crops in the region were
killed, including apples, grapes, cherries, blueberries, and peaches. These unusual weather events
resulted in severe economic losses for Michigan growers, particularly in West Michigan, where 65% of

the state’s apple growers are located.

The estimated loss across the state totaled almost $210 million, with an estimated economic impact of

$503 million (see Table 2).!!2
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Table 2. 2012 Michigan Weather-Related Crop Loss

Percentage Value of
Crop Loss Loss
Apple 90% $108 million
Tart cherry 90% $38 million
Blueberry 15% $20 million
Juice grape 85% $17 million
Peach 95% $12 million
Sweet cherry 80% $12 million
Total $207 million

Growers of field crops faced a crisis that summer, as a severe drought struck the entire country from
mid-June through mid-August. Eighty percent of agricultural land experienced drought conditions;
it was the most extensive drought since 1950.'"* In Michigan, 80% of the state was in some stage of

114

drought, with 51% of the corn crop and 35% of soybeans rated poor.

It is impossible to know if the weather events of 2012 were caused specifically by climate change.
However, they represent the types of events and patterns that MAGICC/SCENGEN and other climate

models predict could become more frequent.

Assessing Agricultural Risk

It is important for the agricultural sector to understand its vulnerabilities and prepare for multiple
future climate scenarios. The first step to decreasing vulnerability is to assess the risk that a particular
operation has when considering the predicted climate changes and impacts. Governmental agencies
such as the Michigan Department of Environmental Quality (MDEQ), the Michigan Department of
Agriculture and Rural Development (MDARD), and the U.S. Department of Agriculture (USDA)

can provide advice for farmers and growers, as they have industry-specific resources and expertise

regarding climate change. Academic and nonprofit institutions such as Michigan State University’s

Extension Program and The Nature Conservancy can also provide assistance.

Agriculture can also look to the insurance industry for guidance. Insurers have long had to collect data
on climate and weather patterns in order to better inform their programs and services. Insurers can

also provide coverage for lost crops due to climate-related events.
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Climate-Resiliency Strategies for the Agricultural Industry

The agricultural industry can develop and implement resiliency goals and practices (see Figure 20 for
an example).'”> Although the techniques used by farmers and growers to adapt to the 2012 spring and
summer conditions may have seemed ineffective, they did prevent even greater loss. A best-practice
example is the use of proper irrigation systems that adequately and efficiently water soil immediately
surrounding plants. To do this effectively, practitioners must understand the sites’ specific soil
characteristics and water availability, including predicted precipitation amounts and patterns, nearby
surface water resources, soil moisture needs for the crops, and groundwater levels during times of
drought and saturation. In emergencies, farmers have deployed large fans to ensure air movement or

helicopters to circulate warmer air onto crops.

Some of these techniques are expensive and may seem unrealistic for a smaller farmer to pursue.
However, farm co-ops already pool resources for harvesting and marketing. This same co-operative idea
could be used to collect knowledge regarding impacts from climate change and the proper equipment
to mitigate or adapt to its impacts. In Grand Rapids, the Fulton Street Farmers Market already hopes
that its venue and planning initiatives will spur conversation about best practices and the opportunities

and challenges that the agriculture system faces.

Goal Practice Additional benefit to farmers

Reduce fossil fuel | Renewable energy sources, | Saves money, potential new
consumption improved efficiency biofuel crops and markets.
equipment, biofuel
crop substitution

Restore Crop diversity through Improves soil and water quality.
(sequester) soil cover crops and rotations; Reduces erosion.

carbon: increase | increase crop residue

carbon inputs quantity in no-till; manure

to soill and compost additions

Restore Permanent no-till, retain Improves soil, water, and air
(sequester) soil crop residue, perennial crops | guality. Reduces soll erasion
carbon: reduce and fuel use.

carbon loss

from sall

Reduce Better manage nitrogen Improves water quality. Saves
nitrous oxide fertilizer use expenses, time, and Iabor.|
emissions

Figure 20. Climate resiliency goals for the agriculture industry.'®
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Not only will West Michigan agricultural systems be impacted by climate change, but they can also play
arole in diminishing or exacerbating climate change emissions and impacts. For instance, agricultural
practices both emit and remove two of the most important greenhouse gases, CO, and nitrous oxide.
Through photosynthesis, crops remove CO, from the atmosphere and use it to build plant tissue. Some
of this carbon can be stored in the soil as organic matter. However, when the soil is tilled, microbes are
stimulated to move quickly to convert organic carbon to CO,, which escapes into the atmosphere. In

most farmed soils, tillage has caused the release of 40% to 60% of original soil carbon."”

2.6 Insurance and Risk Management

In December 2011 the World Bank published “The Sendai Report: Managing Disaster Risks for a

Resilient Future.” The report warns that crossing the 2 °C temperature increase threshold would

have “major implications on global ecosystems, agriculture and water supply, sea level rise and

storm surges.”'®

The Sendai Report also references the IPCC 2012 “Special Report on Extreme Events,” which details
the latest scientific consensus on the likely impact of climate change on natural disasters: “a changing
climate leads to changes in the frequency, intensity, spatial extent, duration, and timing of extreme
weather and climate events, and can result in unprecedented extreme weather and climate events.”
Among other things, the report predicts that once-in-20-years storms are likely to become 1-in-5 or
1-in-15 events in many regions by the end of the twenty-first century. This has vast implications for
some of the world’s largest companies and the insurers responsible for covering those companies. A
report from global consulting firm Mercer estimated the climate change risk implicit in traditional

asset-management strategies to be as high as 10% of portfolio value.'

Insurance companies, and reinsurance companies in particular, are taking action on climate change.
They are working it into their business models, quantitatively programming it into their rates, and
advocating for climate action at the United Nations (UN) and to world governments. Reinsurers are
the last fiscal stop on the economic damage train. Climate change becomes harder to ignore when it

consistently and fundamentally impacts the bottom line.

According to Marsh, a global risk management firm:

“The climate is changing and no company is immune from the consequences. ... Measured changes
in the climate have already affected the way that a number of businesses manage risks and [climate
change] is set to have even more profound consequences on the way that many other companies will

operate in the future. For example, the costs of the floods in the UK in 2007 were estimated to have
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been around 3 billion British pounds, while in 25 years’ time it is predicted that flood damage will
cost the UK economy around GBP10 billion every year. [This] indicates a rising trend, the largest

level of insured losses in any one year will probably be much higher.”

According to Marsh, “climate change should be amongst the top considerations companies will need to
take into account when making long-term capital investment decisions.”* Marsh notes that projects
exposed to rising sea levels, extreme drought, flooding, or severe storms are the most vulnerable. It
recommends that such endeavors be environmentally friendly and “climate proof.”'** Another leading
global reinsurer, Munich RE, has advocated for a climate plan aiming to develop renewable energy

sources that can compete financially with fossil energy sources in the medium term.'*

Local Risk Management Insights

Jon Job, a field engineer for FM Global Insurance Company, a company that has held policies for
Grand Rapids and Kent County in the past, provided local insurance insights for this report.'** Some

of his top climate-related insurance concerns are:

« Flooding of basements, particularly in institutions such as hospitals and universities.
Hospitals often store expensive equipment in basements, and when these are located

near the bottom of a hill in a floodplain or in bowl areas they are prone to flooding.

« Wind damage, particularly during extreme weather events. Anecdotally, tornados seem
to be causing more economic damage nationally. (Climate scientists have not been able

to find strong data linking tornadic activity to climate change.)
 Snow drifts and the weight load added to structures during snow events.

« Powerlossis a particular concern in freezing temperatures, threatening pipes, plumbing,

and electrical infrastructure.

FM Global employs a strategy of “loss prevention” to protect clients and its own bottom line from climate
change, utilizing national flood maps and elevation data from the Federal Emergency Management
Agency’s website, the latest rainfall data from the National Weather Service, and official airport rain

gauges and The Weather Underground website. The Weather Underground uses private stormwater

conveyance data and rain gauges to build a more robust data set. FM Global asks its clients to provide
stormwater drainage/barriers on their sites to keep stormwater from entering buildings, basements,

and tunnels, a recommendation based on damage from actual recent heavy rainstorms.'?
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Job notes that the occurrence of a storm event in proximity to a client site goes along way in convincing
the client of the need to make improvements, adding that regulations may be needed to convince some
companies to do the right thing. He recommends a number of on-site, preventative actions to decrease

exposure to weather and climate-related damage:

» Design simple flood barriers into buildings to prevent water from entering.
« Review site drainage plan to ensure enough green space and storage capacity.

o On-site stormwater containment to slow water infiltration and mitigate effects of

localized flooding.
+ Design landscaping to move water away from buildings.

« Hydrologic forcing—ensuring consistent groundwater pressure is not an easy task.
Buildings are particularly vulnerable at floors and wall joints. Buildings below the water

table should be designed accordingly.

According to Job, there will at times be a conflict between climate adaptation and mitigation strategies.
For example, power companies cut down trees and branches near electrical lines, but these trees might
have been providing shade to a building structure, road, or sidewalk. The World Bank offers some
guidance, suggesting a preference for activities that “help manage disaster risk now and offer near-term

development benefits, while reducing vulnerability over the longer term.”'?

2.7 Climate Change’s Emerging Economic Opportunities

“Uncertainty around climate policy is a significant source of portfolio risk for institutional investors
to manage over the next 20 years. The economic cost of climate policy for the market to absorb is

estimated to amount to as much as approximately $8 trillion cumulatively, by 2030.”#

This passage from Mercer’s “Climate Change Scenarios—A Report for Strategic Asset Allocation”

illustrates several important concepts. The first is that climate change has economic implications across

economic sectors. Second, climate change will bring with it risk and cost.

However, one firm’s costs may well be another firm’s revenue. For example, when New York City
builds higher sea walls to adapt to climate change, the firms designing and building the walls will
receive a new revenue stream, which they will then use to pay employees, contractors, and taxes. Some
industries will lose and others will gain. The Mercer report lays out some of the likely winners and
losers of climate change: Infrastructure, private equity, and real estate are anticipated to be highly

sensitive to climate change, while sustainable assets could act as a hedge.
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Good Stewardship Reflects Good Management

Brian Salerno, vice president and senior investment
portfolio manager for Huntington Bank in Grand
Rapids, has thought about sustainable assets for
some time. Salerno was integral to the creation of |
Huntington Bank’s EcoLogical Strategy Exchange-
Traded Fund (New York Stock Exchange symbol:
HECO). He developed the fund to align financial

investment with macro societal trends and his belief Figure 21. Horizontal Engineering Company works with
the Minnesota Army National Guard to repair a levee.

Photo: Sgt. First Class Daniel Ewer, U.S. Army

that human habits, capital, and regulations favor a

global environmental movement.

Salerno bases this belief on several recent studies suggesting that “large companies that have been good
stewards of the environment have also been better stewards of capital for investors.”* In the Financial
Analysts Journal, Derwall, Guenster, Bauer, and Koedijk compared the performance of two equity
portfolios. The more “eco-efficient” portfolio had “substantially higher average returns than its low-
ranked counterpart over the 1995-2003 period. This performance differential could not be explained
by differences in market sensitivity, investment style, or industry-specific factors. Moreover, the results
remained significant for all levels of transaction costs, suggesting that the incremental benefits of socially

responsible investing can be substantial.”**’

Salerno reasons that superior ecological practices are a good indicator of high-quality management.
He believes that companies that take steps to reduce pollution, energy usage, waste, and overall
environmental footprint are run by folks who are “just a little bit smarter.” These companies have
aggressively pursued low-hanging fruit and then some. They recycle, encourage employees to carpool,
and have installed energy-efficient lighting. Some of the organizations have “longer-term” energy
agreements—locking costs in over 20 years—possibly even paying more in the short term to do so.

“It’s good for business, reputation, and it’s really good for risk management.”

Huntington Bank’s EcoLogical Strategy fund is based on two types of companies: producers of eco-
friendly goods and services and those that use eco-friendly goods. The fund includes only public
companies with a track record of profitability. Salerno notes that with sustainability becoming more
prominent in business schools and business practices, he is seeing a “greater number of companies that
make environmentally sound products reach profitability.”** Huntington Bank’s EcoLogical Strategy

fund has largely kept pace with the Standard & Poor’s 500 Index since its inception.
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Natural Capital: Valuing Ecosystem Services and
Monetizing Externalities

Most economic systems acknowledge, but fail to value, the capital
provided by natural resources. Natural capital can be defined as the
raw materials, benefits, and services provided by nature that fuel the
basic economic productivity necessary for human survival. Rainfall
to irrigate crops, clean water, and clean air, as well as liquid, solid,

and organic raw materials are just a few examples.

Natural capital is not easy to identify in a relatively depleted
and largely built urban landscape, but it is still omnipresent. For
example, what is the value of the Grand River as a viable fishery,

as municipal receiving water, and as an economic development

tool? What boost do riverfront property values get from

proximity to a relatively clean, odor-free river? (See Figure 22.)

Figure 22. Natural capital: What

percentage of the price of every drink
It may seem impossible to put a value on such important, sold at the JW Marriott’s six.one.six
bar can be directly attributed to the

traditionallyinvaluable resources, butit’snot. Usinganassortment
river view? Photo: Steven Depolo

of economic valuation tools and a robust, triple bottom line

econometric cost-benefit analysis that includes major externalities, economists are able to develop
reasonable estimates. As will be discussed in a later chapter, the Grand Rapids Urban Forestry Project has
estimated the portion of the City’s natural capital provided by the urban tree canopy: If all of the trees in

Grand Rapids disappeared, the City

Sustainable Return (NPV) by Scenario L
would need to constructan additional

600

67 million cubic feet of stormwater

o storage. This benefit alone is worth

$400 an estimated $32 million annually."!

S300

¢100 Economic valuation of natural
capital and environmental services is

.I_I ‘.I %. = | increasingly common at most levels
B C ] F G

of government and decision making.

s100

5100 -
B FROI B SROH - FRO SROM One of its more common forms is

i , , , the valuation of externalities. The
Figure 23. Holland Board of Public Works, energy-generation scenarios

A-G. (Holland Board of Public Works, 2012) City of Holland recently employed
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such a valuation when it calculated the sustainable return on investment of seven different municipal
utility energy-generation scenarios (see Figure 23)."** Economists were hired to work with community
members to value natural capital and monetize externalities, including CO, emissions, particulate matter,
mercury, impact on harbor dredging, lakefront property values, and more. This analysis more robustly
captured the predicted economic impact. Figure 23 displays the direct fiscal return (blue) for the limited
stakeholders involved in the direct financial transactions associated with the scenarios. More interesting

is the net social benefit (green) that would accrue to the community at large.
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3 ENVIRONMENTAL ISSUES

A changing climate will impact the environment globally in both the long and short term. Grand Rapids,
as a mid-size urban (density greater than 1,000 people per square mile) city in the Midwest, is not exempt
from these effects. Certainly, climate change’s impact on the environment will be of a different nature and
different scale depending on many factors, including but not limited to the location, type, endowment,
and health of local ecosystems. A short list of Grand Rapids’s critical natural systems includes the Grand
River and its watershed, the urban tree canopy, soils, hydrology, air, biota (the combined flora and fauna),
and biogeochemistry (chemical, physical, geological, and biological processes and reactions that govern
the composition of the natural environment). Because urban spaces are highly developed, they often have

less pristine “environments” to be impacted but are still wholly integrated and reliant on natural systems.

3.1 Stormwater Management

Increased precipitation and more intense wet-weather events will strain the stormwater system.
MAGICC/SCENGEN and national climate modeling predicts Grand Rapids can expect increased
precipitation.”” The Grand River and the Great Lakes are vital to our community’s quality of life. In fact,
Grand Rapids has historically been connected by and to the Grand River. It was what initially attracted
settlers to the region and was the force behind the City’s first century of industrial investment. Today
it remains the central geographic and topographic feature in our community, a critical part of civic life

and downtown revitalization.

Development has drastically altered the West Michigan landscape. Native vegetation has been cleared,
rivers buried, floodplains built upon, and large swaths of the ground paved. Unable to soak naturally
back into the ground, rainwater instead runs over impervious surfaces and into the sewer system or
local waterways as stormwater runoft. Ultimately, the stormwater system conveys it to streams, rivers,

and lakes, impacting river hydraulics and temperature and carrying with it a variety of pollutants.

Controlling stormwater and protecting water quality benefit the environment and improve quality of
life. Maintaining high water quality is a basic requirement for successful recreation programs and is
also a major contributor to public health and safety. Stormwater management is the front line of water

pollution prevention in West Michigan and the protection of the region’s water resources.

Building on Recent Success

Over the past two decades Grand Rapids has spent hundreds of millions of dollars separating its
sanitary and stormwater systems—all but eliminating sewage overflows into the Grand River. This has

improved the water quality of both the Grand River and Lake Michigan (see Figure 24)."**
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Grand Rapids Combined Sewer Overflow
History (Billion Gallons)

Figure 24. City of Grand Rapids combined sewer overflows.

However, water pollution is still a problem in Grand Rapids and West Michigan. The Grand River
and Plaster Creek remain listed as impaired waterways under the Clean Water Act. Plaster Creek is

contaminated to the point that human body contact restrictions have been put in place.

Mike Lunn, manager of the City of Grand Rapids Environmental Services Department, is responsible
for overseeing the City’s stormwater and wastewater systems. According to Lunn, rain and snow lead
to problems and costs for municipal storm and wastewater systems. Significant wet-weather events put
increased volumes, velocities, and pressures on the city infrastructure. Significant and dynamic flows
cause outfalls to collapse, ditches to erode, pipes to burst, and streets and basements to flood. This has

always been true, but climate change will exacerbate these effects.'*

Grand Rapids Moves Stormwater Management Forward

Stormwater management is vital to long-term economic growth and stability in Grand Rapids.
It protects infrastructure and private and public property; it also contributes to the attraction and

retention of talent and capital.

“All of our infrastructure is designed for where we live,” says Lunn. “If we lived in Florida, [we would]
design for that heat. You don’t have to look far to see that things are made to be here. In 2050, if you

have a palm tree out front, things will have changed significantly.”"*
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The City has been examining its stormwater management plans and processes for decades, making
improvements whenever practical. The City’s stormwater ordinance was filled with best practices
and was considered a model for other communities. The ordinance encourages 100% stormwater
retention on new development sites using an incentive-based program that allows developers to obtain
“greenspace” credits: Green roofs, green walls, planters, and other green infrastructure techniques

reduce the amount of stormwater.

Recently, in partnership with WMEAC, the Community-Based Stormwater Planning Initiative
completed a two-year stakeholder engagement and research project with a report and recommendations
to the Grand Rapids City Commission. The City acted on one of the stakeholder group’s core
recommendations in 2012 when it commissioned a Stormwater Asset Management Plan complete

with Capital Improvement Plan, a Stormwater Master Plan, and a technical reference manual.'*”

The Stormwater Asset Management Plan inventoried the entire stormwater infrastructure system,
including pipes, culverts, catch basins, gravity mains, pumps, green infrastructure, etc. The inventory
was programmed into customizable asset-management optimization software. The software provides
organized, updatable, project- and system-wide development-planning capabilities. It calculates
business risk exposure using probability of failure and consequence of failure to prioritize maintenance
and replacement needs. The tool can be run to identify a prioritized capital improvement project list

and system-wide costs based on level of service.

The Stormwater Master Plan is an update of the 1994 Plan that established standards with respect to the
use and operation of the City’s stormwater system. It discusses the legal and regulatory framework of
stormwater management, details existing projects and local watershed plans, and lists recommendations

for the future.

The Technical Reference Manual lays out stormwater standards, technical criteria, and methods for
how projects are to be implemented in the City. The Technical Reference Manual is based in large part
on requirements in the City’s stormwater ordinance, but enables staff to update technical standards
as they become available. An excellent example of this is NOAA’s recently released Atlas 14 hydro-
meteorological rainfall data. This is the most up-to-date rainfall data available and should replace the
Huff and Angel 1992 report that is currently used in Grand Rapids. This data is important because it
is used to design and retrofit stormwater and wastewater infrastructure features such as conveyance
and overflow capacity. It will become even more important over time as it works its way into state and

national regulatory policy.'*®
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Green Infrastructure and Low-Impact Development

One of the most important outcomes of the asset-management process was the articulation and
documentation of a “paradigm shift in how we think about managing runoff.” According to the 2013
Stormwater Master Plan:
“The character of stormwater management has [changed] and continues to change. Originally,
stormwater systems were built just for conveyance, with a mindset of ‘get it out quick.’ Now,
stormwater management is a component of a comprehensive integrated urban water resource. The
new mantra is ‘slow it down, spread it out, and soak it in.” Contemporary stormwater management
includes quantity and quality considerations, multiple-use facilities, riparian corridors, recreation,

wetland preservation, and groundwater recharge. The new approaches require a paradigm shift on

how we think about managing runoft...”'*

Green infrastructure and low-impact development are stormwater management techniques that
mimic predevelopment natural systems and hydraulics, the way that West Michigan land looked
before settlers began to clear away vegetation for farming, housing, and urban development. These are
generally considered stormwater management best practices because they address both water quantity
and quality issues. Some common examples include trees, rain gardens, rain barrels, infiltration basins

(see Figure 25), and pervious pavement.

The practice is often more cost-effective than conventional stormwater infrastructure and may reduce

the need for road construction as critical underground infrastructure is replaced with surface features.

The economic benefits become most distinct when a new stormwater system or improvement is
considered. Early adopters have found that green stormwater infrastructure is generally cheaper

-y 0 build and maintain than the corresponding “grey”

infrastructure. Significant savings can be realized due to
the reduced costs for site grading and preparation, paving,

and landscaping.

In a review of 17 case studies, a US EPA report identified

total capital cost savings ranging from 15% to 80% when
low-impact development methods were used, with a few
exceptions.'® A 2012 study of 479 projects from 43 states

and Canada found a multitude of projects that were less

Figure 25. The City has installed a number of

infiltration basins around town to capture costly than grey infrastructure: 44% demonstrated likely
stormwater near where it falls to help it slowly

) 0 ) o/ ¢
seep back into the ground. Photo: Grand Rapids cost reduction, 24.5% had increased costs, and 31.4% did

Environmental Services Department not influence cost.'*!
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Green infrastructure isn’t a silver bullet; there are constraints on its use. It generally works better in
sandy soils and above water tables. Clay-filled soils and low-lying areas present difficulties. Integrating
green infrastructure into built, dense neighborhoods can also be challenging. However, in such areas

rooftops, tree canopies, parking space, and right-of-ways can be used.

Generally, stormwater practitioners and environmental engineers consider green infrastructure on a
site-by-site basis. The downside of this approach is that more thought and custom design have to go
into each project. The upside is that project managers have flexibility to conform to a site’s “best fit”

criteria. In close proximity to residences and businesses, this flexibility could be a tremendous asset.

Lunn confirms that the City is integrating this approach into departmental decision making: “We’re
moving gradually from [its being] a nice add-on to [its being] a first-line decision on green infrastructure.

That process is happening. That will enable us to be more resilient.”*

Grand Rapids is not the only community that will have to move in this direction. In fact, the new

paradigm will be reflected in the proposed US EPA Stormwater Rules.'*?

3.2 Flooding

Evidence suggests that the frequency of downpours is increasing: Heavy downpours are now twice as
frequent as they were a century ago. Both summer and winter precipitation has been above-average
for the last three decades, the wettest period in a century. The Midwest has experienced two record-

144

breaking floods in the past 15 years.

The Union of Concerned Scientists expects this trend to continue, estimating that the frequency of
heavy rainstorms, both 24-hour and multi-day, will continue to increase during the next century and
may double by 2100.'*> Wet-weather events can stress the existing storm and waste water infrastructure.

When natural or built infrastructure becomes overwhelmed, flooding results.

Flooding negatively impacts the built environment and the human populace, causing damage to
homes, commercial property, and infrastructure. Less obvious is flooding’s impact on the environment

and ecosystem.

Flooding is a natural, cyclical part of the environment, an integral process that makes many ecological
and human systems possible. In “Confronting Climate Change in the Great Lakes Region,” the Union

of Concerned Scientists summarizes the consequences of flooding on natural systems:

“Floods exert their greatest physical influence by reshaping river channels and inundating floodplains,
and by moving large wood and sediments. Intense floods can scour the channel, resulting in mass
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mortality to algal, invertebrate, and vertebrate species. Under high flow regimes, water quality is
often degraded when untreated human, commercial, or agricultural wastes overflow from treatment
facilities or when soils are eroded from agricultural fields treated with pesticides and fertilizers (US
EPA 1993; Adams et al. 1999). High water flow also diminishes the capacity of the stream to recycle
nutrients and sequester suspended or dissolved organic matter because of reduced water contact
with the stream bank and substrate (Mulholland et al. 1985; D’Angelo et al. 1991) and reduced
retention structures such as wood dams (Munn and Meyer 1990; Wallace et al. 1995). Channelized
urban and agricultural streams have very low water-retention capabilities, and the anticipated
increases in spring runoff by the end of the century are expected to result in increased height of
spring floods and lower nutrient and sediment retention in these streams.”'*

Flooding impacts ecosystems and alters the hydrology of water bodies such as the Grand River.
Changes in the timing and severity of flood pulses are likely to reduce safe breeding sites, especially for
amphibians, migratory shorebirds, and waterfowl, and may cause many northern migratory species

such as Canadian geese to winter further north.'

Three Types of Urban Flooding

According to Lunn, there are significant differences between various flood events in Grand Rapids,

which has been a point of confusion for residents.'**

1. Localized, temporary flooding often occurs during and after storms and is considered a
normal part of the stormwater system. The gutter, street, and catch basins are designed

to carry water during major wet-weather events.

2. Floods can be caused by equipment malfunction or infrastructure failure, such as a
clogged catch basin. This type of flooding can be avoided by proactive maintenance of

the system.

3. The most serious type of flood is one that occurs when all infrastructure is overwhelmed
by a major wet-weather event. This type of flood cannot be prevented but can be
mitigated through widespread adoption of green infrastructure. The Grand River Flood

0f 2013 is a prime example of this.

Grand River Flood of 2013

April 2013 was the third wettest month on record in Grand Rapids, causing serious flooding that illustrates
the potential impact of increased downpours. On April 22, the Grand River crested at 21.85 feet, breaking a
30-year record by more than two feet (see Figure 26). Mayor Heartwell declared a state of emergency as the
City incurred damages of approximately $5 million. An additional $10.6 million in damage was estimated

for Kent County. During this time, the City of Grand Rapids released some 429 million gallons of partially
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treated sewage into the Grand River. National
Weather Service hydrologist Mark Walton
estimates that three or four more inches of
rain would have brought floodwaters onto

bridges and the tops of flood walls.'*’

Capture the First Flush

The term “first flush” refers to the initial
moments of a wet-weather event that are the

most environmentally damaging. The concept

is both seasonal—the first rain ending the
Figure 26. On April 22, 2013, the Grand River crested at 21.85 feet.

Photo: Nicholas Occhipinti dry season—and event-specific. The seasonal

first flush is more associated with states such
as California that have well delineated wet and dry seasons. In Grand Rapids it refers to the first few
moments of a significant wet-weather event, when a much higher portion of pollutants is carried to

bodies of surface water relative to later during that same storm.

Research preceding regulatory changes in the 1990s documented the first flush,"® though specific
delineation through empirical quantification is difficult. It may also be useful to distinguish between mass-
based first flush and concentration-based first flush. The concentration first flush, the more common of
the two, refers to the proportion of pollutant load in the runoff, whereas the mass first flush is flow-

dependent (flow multiplied by concentration).'

Understanding the concept is quite important
for designing the most efficient and effective
stormwater controls. According to Mike Lunn,
the City is most concerned with capturing the
90th- or 95th-percentile rain event, or rain
events of one inch or less. This aligns with US
EPA recommendations. “If we can capture

that first flush, that first inch of rain, and keep

it out of the river, we’ll keep a lot of trash, g

sediment, E. coli, oil, and grease out of our Figure 27. During the Great Flood of 2013 the Grand River

» ) plume extended much further into Lake Michigan than is typical,

waterway.”'** (See Figures 27 and 28.) Green o . . .
depositing flood detritus along miles of shoreline.

infrastructure, retention areas, and the urban Photo: Marge Beaver
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Figure 28. The Great Flood of 2013 deposited piles of natural

debris and trash on Lake Michigan beaches.
Photo: Carol Cooper, Carol Cooper Photography

Market Avenue Retention Basin (MARB)

tree canopy are important tools in capturing
the first flush. According to the “Banking on
Green” report, there are economic reasons for
capturing the first flush:
‘(Pnle
by smaller storms is one incentive for
like

green infrastructure....In fact, the Federal

potential for damages caused

employing management strategies
Emergency Management Agency estimates
that up to 25% of economic losses
resulting from flooding occur in areas not
designated as being in a ‘floodplain, but as a
consequence of urban drainage. Since 1978,
the National Flood Insurance Program has
paid over $2.8 billion in claims, related to

localized flooding”'**

The MARB is an important wet-weather tool for Grand Rapids. MARB backs up the City’s wastewater

treatment plant, which can treat a maximum of 90 million gallons per day. In the event of a major

storm, sewer and stormwater flows can exceed the wastewater treatment plant’s capacity. To prevent

a direct discharge of untreated wastewater into the Grand River, MARB can store an additional 30

million gallons of wastewater and partially treat up to one billion gallons per day."**>> MARB provides

for some settling, floatable removal, disinfection, and dechlorination.'*

MARBhasbeenanimportantaddition to the City’s
water infrastructure and has already made Grand
Rapids more resilient (see Figure 29). However,
climate change may undermine investments
like MARB. The treatment plant and MARB are
more effective with a predictable distribution of
smaller storm events. More extreme wet-weather
events will challenge the capacity of wastewater
infrastructure, causing combined sewer overflows
(CSOs) such as those that occurred during the
floods of 2013.

Figure 29. MARB prevents almost all direct discharge of
untreated wastewater into the Grand River. MARB can store

and partially treat 30 million gallons of wastewater per day.
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Grand Rapids has been working to eliminate CSOs over the past two decades. As of 2013, only four
combined sewers of the original 59 remain. With the elimination of these combined sewers, less stormwater
runoff will enter the sewer and wastewater systems, and fewer overflows will occur. The result is that less

sewage ends up in the surrounding rivers and lakes.

3.3 Great Lakes Water Levels

In early 2013 the Lake Michigan-Huron system approached record-low water levels.'”” Even with the
Flood of 2013, the Army Corps Detroit District office reported that all of the Great Lakes were below
long-term (1918-2012) average water levels in June, except for Lake Ontario. Lakes Superior and
Michigan-Huron continued a 14-year stretch of below- average water levels, the longest in each of

their recorded histories.'®

It is well documented that the Great Lakes cycle between high and low water levels. In addition, there are
many manmade and natural system inflows and outflows, so it would be neither possible nor accurate
to definitively and solely implicate climate change in Great Lakes water levels at any given moment in

time—even during record lows. Indeed, shortly after the record lows recorded in February, intense rains

and the Grand Rapids Flood of 2013 quickly brought lake levels up. However, NOAA climate models

demonstrate that lower lake levels are a projected impact of high CO, emissions (see Figure 30)."”
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Figure 30. Projected changes in Great Lakes levels under higher
emissions scenario.
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| e = , Because of the cyclical nature of low
lake levels, the common impacts are
already well understood (see Figure
31). Lower lake levels mean that
shippers must carry less, groundings
become more common, and some
harbors may be forced to close.

According to the Corps, every foot

of lost depth requires a 1,000-foot

Figure 31. Exposed docks in Traverse City. Low water levels in Lake

Michigan have an effect on commerce, recreation, and the environment. vessel to load 3,200 tons less; at 1.5
Lake levels are naturally cyclical, but scientists suspect climate change
will have an overall downward impact. Photo: Michigan Sea Grant

feet below baseline, vessels lose 8%

to 10% of their carrying capacity.'®

According to the Lake Carriers’ Association, a shipping industry group out of Rocky River, Ohio, “In
the high waters of the late 1990s, the largest coal-carrying vessel to pass through the Soo Locks was able
to navigate while laden with 71,000 tons of cargo, but as of December 2012, that capacity was reduced

to 62,000 tons.”'®!

In St. Joseph, the commercial harbor is normally dredged to a depth of 23 feet, but the channel was just
16 feet deep in the spring of 2013."** This low depth in the St. Joseph channel threatens the viability of

a port that sees up to 400,000 tons of freight each year, forcing shippers to find alternative routes and
incur additional expense. As the Great Lakes comprise an interconnected port system, problems in one
part of the system will negatively impact ports in another. Impacts in Huron-Michigan will also affect

ports on Lakes Erie and Ontario.'*?

3.4 Drinking Water Supply and Ground Water

The Great Lakes account for some 20% of all fresh surface water on the planet. Lake Michigan is also
the primary source of drinking water in Grand Rapids and several neighboring communities. The
Grand Rapids Water Filtration Plant in West Olive, near Grand Haven, cleans, filters, and sterilizes

water before piping it to Kent County (see Figure 32).

The Association of Metropolitan Water Agencies has issued guidance on how water systems could be

affected by climate change:'*

o  Warmer and shorter winters with more rain and runoff will alter the manner in which

surface and ground water aquifers will replenish.
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o Inwarmer and drier summers, vegetative growth
may decrease the quality of surface waters that

will eventually reach treatment systems.

o Water temperatures impact filtration systems by
increasing eutrophication and the sediment that
must be removed from fresh water, which alters

the necessary treatment requirements.

o Increased rainfall can stir up sediment and

buried toxins.

« Droughtperiodswill increase demand for water.'®®

Some obvious potential local impacts involve the effect of Figure 32. Massive pumps move treated,
potable water from the water filtration plant

in West Olive to Grand Rapids. The energy/
levels could mean that intake pipes would need to stretch  water nexus goes both ways; saving water
saves energy.

climate change on filtration plants’ water intake. Lower lake

farther out into the lake to bring in water. Stormwater
runoff could alter levels of sedimentation, temperature, and the variety of pollutants in intake water
by creating a larger and dirtier plume at the mouth of the Grand River. Further discussion of these

impacts can be found in the Energy/Water Nexus section.

According to the Association of Metropolitan Water Agencies:

“If programs such as those intended to control sewage overflows and waste load allocations are
undermined by changes in hydrology, there may still be room to maneuver within the altered
hydrologic system and attain good outcomes, if regulatory constraints are flexible. The bottom line in
water supply planning has always been a matter of coping with variability. With the coming changes
in climate, there will be a heightened need to respond to increased variability. The net effect of the
direct impacts of global warming [...] will be to change the variability of key parameters affecting
the quantity and quality of water that would normally be expected to be available at any specific time
and place. In addition, the capability to store water in various forms and the demand for water will
be changed”'%

Groundwater

In general, climate change will stress surface water supplies and will likely lead to increased

groundwaterwithdrawals,whichma