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Agenda

* Fundamentals of Climate Change

* Climate Change Impacts in Massachusetts
* Mitigating and Adapting to Climate Change
* Cities as Solutions

 What You Can Do
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1. Experts agree.

2. It’s real.
3. It’s bad.
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e Why Care About Climate Change?

Climate reqgulates life on the planet.
Climate determines how we live.
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Why it’s easier to project future
climate than forecast the weather:
 Qver several decades, the climate

is affected by relatively few
factors.

e Weather is chaotic and influenced
by innumerable factors.

* “Weather determines what you
wear. Climate determines what
you keep in your closet.”



Greenhouse Gases

Methane (CH,) and
Nitrous oxide (N,O)




Global CO, Cycle

Fossil Fuel Vegetation
Burning + & Land
Land Use

The natural cycle adds and removes CO, to keep a
balance. Humans add extra CO2 without removing any.
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Carbon Dioxide Concentration (ppm)
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Historic Carbon Dioxide Concentrations
800,000 Years Ago to Present

A natural change of 100ppm normally occurs
over 5,000 to 20,000 years.

The recent increase of 100ppm has taken
120 years.
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Source: NOAA Climate.gov Years Agﬂ'
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The Greenhouse Effect

Some solar radiation
is reflected by the Some of the infrared radiation

@ Earth and the passes through the atmosphere.
‘ 4 atmosphere. Some is absorbed and re-emitted
. in all directions by greenhouse
‘ gas molecules. The effect of this
Sis, is to warm the Earth’s surface
| | A‘ _ and the lower atmosphere.

Most radiation is absorbed |
b)’; he Earth's surface v "<tuliiiespnert Infrared radiation
and warms it. 7 Earth ) s emitted by the

' ey - Earth’s surface.




When we burn fossil fuels like coal and
oil for energy, we add too much
carbon dioxide to the atmosphere,
which is like making the blanket
thicker.

* The blanket has become too thick. It’s
trapping in too much heat, and the
planet is warming up too fast.
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Key Changes in Massachusetts

1

2.9°F
Since 1895

11 Days
Since 1950

Sea Level Rise: t 11 inches
Since 1922

Temperature:

Growing Season:

55%

Stronger Storms:
Since 1958



Future Changes in Massachusetts

Temperature:

Growing Season:

Sea Level Rise:

More Storms:
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3to 11°F
By 2100

5 Weeks
By 2100

3to 7’
By 2100

47%
By 2100



Source: Adapted from UMass Amherst and Climate System
Research Center Presentation

Massachusetts Observed and Projected Temperature Change

Higher Emissions
“Business as Usual”

Temperatures have warmed 2.9°F
in Massachusetts since 1895.

Observations

Lower Emissions
“Paris Agreement”

Temperature Change (°F)

1900 1925 1950 1975 2000 2025 2050 2075 2100

If we don’t reduce emissions, temperatures could rise 10°F or more by 2100.



What’s in a degree?

During the last ice
age, temperatures
were 9°F cooler
than today.

Google
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Migrating Massachusetts

1960-1999
q-., Summer Heat Index

By the end of the

I Current
centu ry, summers In
2070-2099

Massachusetts will Lower “Paris Agreement”

] Emissions
“feel” more like
summers |n the q" 2070-2099

Higher “Business as Usual”

South. Emissions

How Summer Temperatures Will Feel
Depending on Future Greenhouse Gas Emissions
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Future Forests

Current (1960-1990)  Projected (2070-2100)

-

Maple, Beech, Birch Oak, Hickory

Graphic source: USGCRP, 2009



Shifting Plant Hardiness Zones




g T s
er Temperatures Challenge
Highland Birds

Species that rely on relatively cool climates in
high-elevation ecosystems will have fewer
options for future habitat.
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Coastal-Nesting Birds

Birds with need of specific coastal habitat will be
especially challenged due to sea level rise and
increased risk of storms.

American oystercatcher Piping plover
Source: State of the Birds, Mass Audubon



Blue Crabs Migrate North with Warmer
Woaters

e Historically found south of
Cape Cod

* Blue crabs are being found
north of Cape Cod in
increasing numbers as water
temperatures in the Gulf of
Maine have increased
rapidly

http://booksandjournals.brillonline.com/content/journals/
10.1163/1937240x-00002293



Source: U.S. Global Change Research Program

Climate and Human Health

CLIMATE DRIVERS

* Increased temperatures

* Precipitation extremes
» Extreme weather events
» Sea level rise >

ENVIRONMENTAL SOCIAL
& INSTITUTIONAL CONTEXT EXPOSURE PATHWAYS & BEHAVIORAL CONTEXT
» Land-use change « Extreme heat * Age & gender
» Ecosystem change « Poor air quality » Race & ethnicity

* Infrastructure condition > « Reduced food & water < » Poverty
» Geography quality * Housing & infrastructure

. Agripultural production « Changes in infectious *» Education
& livestock use agents « Discrimination
« Population displacement * Access to care &
community health
infrastructure
* Preexisting health
HEALTH OUTCOMES conditions

» Heat-related iliness
 Cardiopulmonary iliness

» Food-, water-, & vector-borne
disease

* Mental health consequences
& stress
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Coastal Flooding

Projected Single-year Likelihood of Coastal
Floods Exceeding 4 Feet

Providence, Rhode Island
100

75

50

% Annual Chance

25

2020s 2030s 2040s 2050s 2060s 2070s



Snow Cover Decreasing

Change in Connecticut River Watershed
Mean Annual Snow Water Equivalent

== Observations
== Business as Usual Emissions (RCP 8.5)
= Paris Agreement Emissions (RCP 4.5)

- — =1950-2005 Average

40

20

Percent of 1950-2005 Mean Annual Snow Water Equivalent

0
1950 1970 1990 2010 2030 2050 2070 2090

Data Source: USGS National Climate Change Viewer



https://www2.usgs.gov/climate_landuse/clu_rd/nccv/viewer.asp

Historic Area (1961-1990)
B Late-Century Area (2070-2099)

Area projected to have at least 30 days of snow cover per year

Frumhoff, PC., et al. 2007. Confronting Climate Change in the U.S. Northeast: Science, Impacts, Solutions. Synthesis report of the
Northeast Climate Impacts Assessment (NECIA). Cambridge, MA: Union of Concerned Scientists
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Mitigation: To avoid the most dangerous
impacts of climate change...




SOURCES OF THE AVERAGE MASSACHUSETTS
RESIDENT'S CARBON EMISSIONS

Stuff We Buy
23%

How We Move
35%
Stuff We Eat
13%

Energy We Use
29%

EPA,
https://www3.epa.gov/climatechange/ghgemissions/sourc
es.html



- Massachusetts' Commitment

 The Global Warming Solutions Act (GWSA) of
2008

* Requires 25% GHG reduction.from all sectors
of the economy below the 1990 baseline
emission level in 2020

* Requires at least 80% reduction in 2050




First offshore wind in US:
Block Island Wind Farm

5 Turbines
30 MW ~/

Power for 17,000 homes

, Block Island Wind Farm, DeepWater Wind
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First Commercial Offshore Wind:

Vineyard Wind
300 MW
Power for 450,000 homes |
|

, Block Island Wind Farm, DeepWater Wind
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Green the Grid:
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* Municipalities can buy renewable energy

* Individual consumers may opt out



Q Public Stations

Y Advanced Filters
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The Problem Child: Transportation
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Adaptation: Actions taken to help
communities and ecosystems cope with
changing climate condition

Conserve available
open space
providing ecosystem
services

Integrate concepts Restore resilience in
into new urban areas at site
development at specific scale

neighborhood scales




Nature-based Solutions

Nature-Based Solutions use natural systems, mimic natural
processes, or work in tandem with traditional approaches to
address natural hazards like flooding, erosion, drought, and

heat islands. \
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A Recurring Theme: Trees

A mature, deciduous tree intercepts
500-2000 gallons of water per year.

A mature evergreen
intercepts up to
4000 gallons of water
- Peryear.
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Global Carbon Burial (Tg C /yr)

100

90

80

70

60

50

40

30

20

10

o

Global Carbon Burial of Different Ecosystems

Salt Marshes

H Total Land Area

H Total Carbon Burial

Temperate Forests

Tropical Forests

Boreal Forests
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Climate change

Development

increased increased impervious
precipitation temperature surfaces
stormwater & WQ heat-related
issues illnesses
flooding & more cooling
infrastructure shelters
damage

Source: National Climate Assessment, U.S. Global Change
Research program



* |dentify critical parcels and areas for
conservation

— MAPPR
* Include them in development and
conservation plans

— Master plan, Open Space plan, CPA projects,
zoning considerations

% » Getinvolved in local decisions!




Adaptation: Start near home.

& oot Adoptadrain,
Adopt a tree.
Adopt a neighbor.




What You Can Do

Unplug: Turn off computers, phones,
lights, video games, air conditioners.

ﬁ) Bike or walk Ag%l\(fl%éH Green the Grid
” Talk about it
Eat less beef @ with friends

m Join a community organization or board




Talk About It!

Only about half of Americans understand climate change is real
and human-caused.

American Adults Climate Scientists




But | Don’t Want To!

| don’t know enough
* You do! Keep it simple and focus on solutions
 Help inoculate deliberate misinformation

People won’t want to hear it

* People think no one else wants to talk about, but
they do

* Frame it around values everyone can get behind
e Fear of "deniers," but in fact they're rare



YALE PROGRAM ON
y Climate Change
Communication About Research Publications Visualizations & Data News & Events O

ARTICLE - 3, 2017

How to Inoculate the Public Against
Misinformation About Climate Change

“Prior studies have found widespread public misunderstanding
about the scientific consensus that human-caused global warming
is happening...simply informing people of the fact that 97% of
climate scientists are convinced human-caused global warming is
happening, significantly increases public understanding of the
consensus. In turn, the increase in public understanding of the
scientific consensus is associated with smaller, but potentially
important increases in respondents’ own conviction that global
warming is happening, human-caused, and a worrisome threat that
requires action”




DHix Americas

Yale Project on Climate Change
Communication

Cautious Disengaged Doubtiul Dismissive

Highest Belief in Global Warming Lowest Belief in Global Warming
Most Concarned Least Concerned
Most Motivated Least Motivated

Clamaibe Chanage * |_n.l -:_ll-.-ll.l Lk [
[ e g ] f Dot iors e g




Cities As Solutions

Urban density presents a greener way to live

Local elected officials are directly accountable to their
constituents

Collaboration and idea sharing among cities is already
happening

Financial effects of climate change will be felt by cities
--> Driving Action



The focus of the case studies are:

1. Barcelona:
Putting climate justice and citizen action at the heart of climate action planning

2. Copenhagen:
Achieving a carbon neutral city by 2025

z. London:
Zero carbon transport network and clean air for Londoners

4. New York City:

Accelerating and prioritising transformational action

5. Oslo:
Implementing climate budgets

6. Paris:
A fair, equitable and resilient transition to carbon neutrality by 2050

7. Stockholm:
Achieving a fossil-fuel free city by 2040

Source: C40 Case Studies

R
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Getting skeptical about global warming skeplicism
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MOST USED
Climate Myths

- Climate's changed before
 Htsthesun

Itsnetbad

There is no consensus
ts cosling

Models are unreliable

‘Temp record is unreliable

annt

Explaining climate change science & rebutting global warming

misinformation

Scientifc skepticisr is heakihy. Scientsts should always challenge themselves fo improve
their understanding. Yet his isn' what happens vt climate change denial. Skeplics
vigorously rticise any evidence fhat supports man-fiade global warming and yet
entbrace any arqument, op-ed, blog or stuy thal purporis fo refle global wamning. This

viebste gets skeplical about global warming skeplicism. Do their arguments have any Eureka Prize
scienfic basis? Whaf does the peer reviewed scienfifc erature say? Advancement of
climate change

knowledge

Newcomers, [§

Climate Science

CROWD
SOURCING
FUNDIN

start here

What are the climate change consequences of the midterm
elections?

Need More Resources?

PRACTICAL STEPS
FOR LOW-CARBON LIVING

EXPERT ADVICE FROM
The Union of Concerned Scientists

National Climate Assessment

Highlights

Explore highlights of the National Climate
As ment including an Overview, the
report’s 12 overarching findings, and a
summary of impacts by region.

LORE HIGHLIGHTS

CLIMATE
CHANGE
IMPACTS

IN THE
UNITED STATES

TALE PROGRAM OM

! Climate Change

Communication

z resilient MA

Climate Change Clearinghouse for the Commonwealth

SEARCH

Full Report

Explore the entire repc
changing climate,

topics, and response strategies in full detail.

RE THE REPORT

DOWNLOAD




