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Portland’s future climate is expected
to include hotter, drier summers with
an increased frequency of high-heat
days and warmer winters with the
potential for more intense rain events.
This Risk and Vulnerabilities Assessment
provides the foundation for Portland and
Multnomah County’s Climate Change
Preparation Strategy.
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The Climate Change Preparation

Strategy (separate document) uses

this assessment as the foundation
foridentifying actions to prepare for

the changing climate in two ways: 1)
reduce climate-related vulnerabilities

for residents and businesses, and 2)
respond to impacts when they do occur.
To view a copy of the action strategy, visit
www.portlandoregon.gov/bps/climate.

Addressing the primary cause of climate
change, greenhouse gas emissions,
remains a crucial component of Portland
and Multnomah County’s climate change
preparation work. This assessment report,
and the associated Climate Change
Preparation Strategy (separate document),
are fundamentally linked to the City

and County Climate Action Plan, which
integrates the work to slow the effects of
climate change while also preparing for
the impacts that we will experience.
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CHAPTER 1— CLIMATE CHANGE PREPARATION

he City of Portland and Multnomah County have long understood

the importance of addressing climate change. Portland has been

addressing climate change for over two decades and in 1993 adopted

the first local climate action plan in the United States. Our collective
efforts have achieved notable results: As of 2012, local per-capita carbon
emissions were 32 percent below 1990 levels, and total local carbon emissions
had declined by 11 percent from 1990 levels. Portland’s climate leadership is
built on a tradition of excellence in land use planning and stewardship of natural
resources. Despite worldwide efforts to reduce carbon emissions, climate
change is already in evidence. The impacts on the Pacific Northwest region are
expected to grow in scale and in scope over the years ahead, and the City and
County’s climate change preparation work will help the community prepare for
and respond to these impacts.

Vision

This Risk and Vulnerabilities Assessment describes how climate affects the
community today, identifies vulnerabilities and risks and outlines how those impacts
are expected to change over the next century. The associated Climate Change

Preparation Strategy (separate document) outlines key objectives and actions to
build resilience into the City and County’s operations, services and infrastructure.

Through implementing the Climate Change Preparation Strategy, the City and
County seek to:

= Strengthen adaptive capacity based on the best available information on
regional climate change projections and impacts.

= Qutline priority risks, vulnerabilities and near-term actions.

= Lay the foundation for the development of implementation plans that
consider available resources and prioritize the most effective actions from

a cost and benefit perspective, while also taking into consideration carbon
mitigation and other co-benefits, equity, urgency and window of opportunity.

= Prevent or reduce the risks to populations most vulnerable to the impacts of
climate change.

= Develop a framework to monitor climate trends and projections, and assess
local impacts.

As part of an adaptive management approach, the Climate Change Preparation
Strategy will be revised as climate projections are refined, climate preparation
practices become more defined and progress is assessed.
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Content overview

This Risk and Vulnerabilities Assessment begins with an overview of climate
change preparation, why we need to prepare, and the City and County’s climate
change preparation planning process (Chapter 1 — Climate Change Preparation,
page 1). All populations are affected by the impacts of climate change, but some
communities are more vulnerable than others. Chapter 2 — Climate Equity

(page 7) outlines the challenges, opportunities and responsibilities to ensure

that climate change preparation efforts serve all residents, and particularly
populations most vulnerable to heat and flooding. Chapter 3 — Climate
Projections (page 11) summarizes temperature and precipitation projections for
the Pacific Northwest. Chapter 4 — Climate Risks reviews the expected risks and
impacts associated with hotter, drier summers with more high-heat days, and
warmer, winters with the potential for more intense rain events (page 15). Chapter
5 —Vulnerability Assessment by Sector (page 31) includes the findings of how
climate change is expected to impact human systems (page 33), natural resource
systems (page 41), and the built environment and infrastructure (page 53). Chapter
5 also contains an overview of potential impacts in other areas, including food
systems, population shifts, energy systems and the economy (page 61).

The Climate Change Preparation Strategy (separate document) details the 2030
objectives and actions to ensure that Portland and Multnomah County are
taking the steps necessary to prepare for and respond to the changing climate.
The 2030 objectives and samples of associated actions are summarized on the
following page.



CLIMATE CHANGE PREPARATION

Climate Change Preparation Strategy — At a Glance

HOTTER, DRIER SUMMERS WITH MORE HIGH-HEAT DAYS

2030 Objective 1: Decrease the urban heat island effect, especially in
areas with populations most vulnerable to heat.

Design and implement programs that cool the urban environment, including
revegetation and tree planting, pervious paving and green infrastructure like
bioswales and ecoroofs. Utilize information and maps of Portland’s urban heat
islands and populations most vulnerable to heat to help inform decisions and
priorities about such projects.

2030 Objective 2: Minimize health issues caused by extreme heat days,
especially for populations most vulnerable to heat.

Improve the preparation for and response to extreme heat days by health,
community service, public safety and emergency response staff and services.
Coordinate operations of cooling environments and early warning and response
systems.

2030 Objective 3: Increase the resilience of Portland’s water supply to
drier summers.

Expand the capacity of the groundwater system and ensure water is used
efficiently by homes, businesses and in City and County facilities such as local
parks. Continue to assess the potential impacts of climate change on the Bull
Run watershed.

2030 Objective 4: Increase the resilience of natural systems to respond
to increased temperatures and drier summers.

Seek to keep natural areas, especially urban streams, cooler including increasing
the width of vegetation along streams and ensuring existing and new rules
support wetlands and surface water temperature needs. Increase the ability

of plantings (natural areas, restoration sites, greenstreets, ecoroofs, etc.) to
withstand drought conditions. Address invasive species, connect habitats and
support birds, amphibians and other species needing to alter their range.

2030 Objective 5: Manage the risk of wildfires as a result of drier
summers.

Reduce wildfire risk in areas where homes and businesses are next to natural
and forested areas (often called the “urban-wildland interface”). In a co-
management role with partner agencies, respond to fires in and around the Bull
Run watershed.

WARMER, WINTERS WITH THE POTENTIAL FOR MORE INTENSE
RAIN EVENTS

2030 Objective 6: Increase the resilience of the natural and built
environment to increased winter rainfall and associated flooding.

Work with local, state and federal partners to update floodplain data used in
planning processes. Restore floodplains, reduce paved surfaces (to reduce
stormwater runoff), and prepare to manage increased runoff amounts.

2030 Objective 7: Manage the increased risk of disease due to changes
in vector populations.

Reduce health risks from vector populations. Strengthen education and
outreach efforts to understand, prevent and respond to vector-borne diseases.

2030 Objective 8: Manage the increased risk of landslides due to
changing precipitation patterns.

Identify, map and monitor landslide hazard areas and incorporate landslide
hazard reduction techniques into infrastructure planning projects. Provide
outreach and education on reducing landslide risks to private property owners.

CLIMATE CHANGE PREPARATION STRATEGY: RISK AND VULNERABILITIES ASSESSMENT



BUILDING CAPACITY TO BETTER PREPARE FOR AND RESPOND TO
CLIMATE CHANGE

2030 Objective 9: Strengthen emergency management capacity to
respond to weather-related emergencies.

Strengthen the capacity of emergency management staff to prepare for

and respond to weather-related emergencies, increase the capabilities of
volunteer organizations, and develop response plans that minimize impacts on
populations most vulnerable to heat and flooding.

2030 Objective 10: Institutionalize climate preparation planning and
best practices.

Apply an equity lens to climate action efforts and where possible prioritize
benefits to populations most vulnerable to the impacts of climate change.
Improve the understanding of local climate change impacts. Recognize climate
variables as a risk in how the City and County manage infrastructure.

2030 Objective 11: Improve community capacity, especially of
populations most vulnerable to climate change risks, to understand,
prepare for and respond to climate impacts.

Provide education, resources and services related to climate risks to the public
including emergency preparedness, extreme heat and respiratory-related illness.

2030 Objective 12: Improve monitoring, evaluate effectiveness of
climate change preparation and actions and advance new research to
support climate preparation efforts.

Identify, compile and regularly update key data for climate change trend
tracking (streamflows, temperature, natural resources, storms, condition

of infrastructure, heat-related illness, air quality, etc.). Support monitoring
programs and existing climate research, and advance new research on climate-
related diseases, population shifts, food systems, etc.
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What is climate change preparation?

Climate preparation requires assessing risks and identifying deliberate action to
protect residents and businesses from the most significant impacts of climate
change. Many agencies have used the term “adaptation” to refer to similar
efforts; in this document, the term “preparation” is used synonymously with
“adaptation.”

In the context of climate change, the terms “preparation” (or “adaptation”) and
“mitigation” represent two types of strategic goals with different purposes,
though sometimes overlapping activities (see Figure 1). Mitigation deals with
reducing carbon emissions, the primary driver of human-caused climate change.
Throughout this document, the term “carbon emissions” refers to all greenhouse
gas emissions. Preparation, by contrast, is primarily intended to respond to and
minimize the impacts of a changing climate.

Some actions or strategies work toward both preparation and mitigation.

For example, ecoroofs help better manage stormwater from winter storms
(preparation), but they also provide an additional layer of insulation on a building,
helping to reduce energy consumption and the associated carbon emissions
(mitigation). Additional terms and definitions helpful in understanding climate
change preparation can be found in the glossary, see Appendix A, page 65.

Figure 1. Relationship between climate change mitigation and preparation
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Why do we need to prepare?

Scientists have a good understanding of how climate change impacts will
manifest on a global scale. At the regional level, Oregon and Washington scientists
are working to improve our understanding of climate projections. Based on
currently available information, local communities need to anticipate a range of
climate impacts. Portland’s future climate will include hotter, drier summers with
more high heat days; and warmer winters with the potential for more intense rain
events (see Chapter 3, page 11, for more details on climate projections). Climate
scientists have now established that climate change is moving climate conditions
outside of what we have experienced in the recent past.

Portland’s infrastructure was built based on the historic climatic record. Events
outside of that record, as well as the cumulative effect of an increased number
of damaging events, can significantly impact important infrastructure services
such as water, sewer, electricity, transportation, stormwater and flooding
control, communication and emergency response services. These impacts can
result in infrastructure systems becoming more frequently stressed, overloaded,
or at times partially or wholly unavailable.

Similarly, natural systems have evolved and adapted to historic climatic
conditions. As a result, the function of natural systems, which provide critical
services like pollinators for food, clean air and water, and natural cooling from
trees, can become overwhelmed during atypical climatic events resulting in
damage to habitat, fish, wildlife and people. In addition, human health services
may be faced with new challenges associated with uncharacteristic events,
impacting existing capacity and resources to manage the risks of heat-related
illness, respiratory and vector-borne diseases.

How do we prepare?

Climate variability costs communities money and other resources. Therefore,
considering the impacts of climate change, identifying vulnerabilities of public
systems and risks of those impacts, and putting in place policies and strategies
to make the community more resilient makes good public policy. This is
especially true in urban areas that are vulnerable to climate impacts because of
the density of people and assets within a relatively small geographic area.

Urban areas can also exacerbate climate impacts. For example, the greater
density of large hard surfaces like pavement and roofs can increase runoff
leading to flooding or prevent the city from cooling off at night during the
summer. Reducing exposure to the impacts of extreme events can reduce the
health and financial impacts of an event and speed up recovery.

Ongoing climate change preparation research

Regional trends in climate change variables are identifiable in current scientific
research (see Chapter 3, page 11, for more details). Scientists and modelers
from across the country are working to refine and expand the understanding of
climate change projections and potential impacts.

Organizations like the Oregon Climate Change Research Institute (housed

at Oregon State University) and the Climate Impacts Group (housed at the
University of Washington) are leading such efforts for the Pacific Northwest. The
National Oceanic and Atmospheric Administration-funded Regional Integrated
Sciences and Assessments (RISA) program for climate change research in the
Pacific Northwest is called the Pacific Northwest Climate Impacts Research
Consortium (CIRC), and is housed in the Oregon Climate Change Research
Institute (OCCRI). CIRC is focused on connecting decision makers such as the City
and County with science to aid in preparing for climate impacts.

Regional climate change planning work also continues. One example of a
collaborative effort of faculty from Oregon State University, the University of
Oregon, Portland State University and local stakeholders is called “Willamette
Water 2100.” This is a project to evaluate how climate change, population
growth and economic growth will alter the availability and use of water in the
Willamette River Basin. Although Portland’s water supply does not come from
the Willamette basin, this effort is expected to provide more information about
flooding and water availability for natural systems locally.

Similarly, the Northwest Biocarbon Initiative is a clearinghouse of non-
governmental organizations, universities and agencies from around the Pacific
Northwest to share best practices and research around carbon sequestration,
and both natural and built green infrastructure.
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Climate change preparation planning

Recognizing the need to evaluate climate projections and potential impacts
systematically, the City of Portland and Multnomah County’s 2009 Climate Action
Plan called for the development of a City and County climate change preparation
strategy to identify vulnerabilities and key climate change preparation

strategies across several sectors. In reviewing the planning approaches of
otherjurisdictions, including New York City, Seattle, and the states of Oregon
and Washington, two basic approaches emerged, “top down” and “bottom

up.” The “top down” approach is essentially an impact assessment — working
from the identification of anticipated impacts. The “bottom up” approach

is a vulnerability assessment — identifying when and where the community

is sensitive to change. Both approaches can work well for climate change
preparation planning and risk assessment; the City and County used a hybrid of
the two approaches, with an emphasis on “bottom up” approach given the lack
of finer-scale downscaled climate information.

The “top down” approach involves scaling down global climate models to the
regional and local level. This method has been used in the Pacific Northwest, as
well as by the Portland Water Bureau in evaluating the impacts of climate change
on the Bull Run watershed. Scaling down global climate models is technically
challenging and requires substantial resources and time to produce, evaluate
and synthesize. The results of such work to date have produced a sizeable

range of outcomes for climate variables, particularly precipitation. In this “top
down” approach, the results are then processed by additional models (such

as hydrology, land cover, integrated infrastructure or other decision support
systems) to produce the actual climate impacts information.

The Climate Impacts Research Consortium (CIRC) at Oregon State University
is working on producing downscaled climate information at smaller grid sizes
using the latest global climate modeling efforts. Downscaled climate data
was not available at grid sizes useful for the development of this assessment.
However, in the future the City and County may be able to take advantage of
more detailed information at the regional level.

The “bottom up” approach does not require downscaled climate change data or
climate specific modeling tools. This method uses available information about
climate change variables and trends, evaluates the impacts on those systems

of interest (e.g., infrastructure, natural systems and public health), identifies
vulnerabilities and risks, and then considers what climate change preparation
strategies might best address the risks of highest concern over the timeframe of
interest (e.g., near-, mid-, and long-term).
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Along with many background resources, the City and County’s approach draws
on two climate change preparation planning processes:

1. Preparing for Climate Change: A Guidebook for Local, Regional, and State
Governments from the University of Washington (CIG/JISAO) and King
County, Washington in association with ICLEI (2007).

2. The Center for Disease Control’s Building Resilience Against Climate Effects
(BRACE) — a framework developed by the Climate Health Program and
piloted in partnership with the Oregon Health Authority.



Three City and County staff working groups were created to look at health and Figure 2. Climate change preparation planning and implementation process
human services, built infrastructure and natural systems. These three groups
followed a similar process (see Figure 2) that included: 1

= |dentifying specific climate variables that impact City or County services 6 Identify

(e.g., temperature, precipitation), and observed and expected trends using
the best available scientific research. The teams also identified secondary
impacts due to climate trends (e.g., flooding, drought, heat-related illnesses,
pests).

Assessing vulnerabilities of various systems (infrastructure, natural systems,
and health and human services) that could be impacted by climate
conditions outside of the historic past. This included looking at expected
impacts, probability of change and projected impact of change by 2030. The
teams also assessed risks by evaluating the likelihood and consequences of
the change or impact by 2030.

Identifying existing and proposed strategies to address those impacts that
have higher likelihood of occurrence and consequences of higher concern.
Identifying strategies that meet multiple objectives and maximize co-

benefits and equity outcomes; and build on existing cross-jurisdictional
strategies of monitoring, education, implementation and sharing results.

Assess and monitor
effectiveness climate trends,
of preparation projections and impacts
strategies

2

Assess
5 vulnerabilities

Implement and risks

preparation
actions

3

Develop
preparation
strategies;

4 evaluate and
Identify opportunities to prioritize
maximize co-benefits near-term
and equity actions
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CHAPTER 2 — CLIMATE EQUITY

s

Al Iih.}'lj T.%

[l populations are affected by climate change, but not all communities

have the same ability to respond. As a result, some are more

vulnerable than others. In Portland, communities of color and low-

income communities experience disparities that will be exacerbated
by the impacts of climate change. These disparities include greater risk of poor
health, reduced access to housing, un- and under-employment, limited access
to transportation options and parks, higher mortality rates and the legacy of
inequitable public policy.

Intentional and focused efforts to identify and to repair inadequate program and
project designs for these communities must be a priority. In addition, concerted
efforts must be made to understand existing aspects of the community that
support resilience, such as social-cultural networks or indigenous knowledge.
Partnering with these communities to understand challenges experienced and
opportunities available will enable the implementation of effective preparation
strategies that deliver more equitable outcomes.
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The Climate Change Preparation Strategy (separate
document) and this Risk and Vulnerabilities Assessment
seek to create a more climate-resilient community

(as described by the Interagency Climate Change
Adaptation Task Force, 2011) that has the capability to
anticipate, prepare for and recover from climate impacts
on public health and safety, the built environment,

the local economy, and natural resources. In doing so,
the City and County seek to ensure that the benefits

of taking actions to prepare for climate change are
shared by the whole community and across multiple
generations.

Portland broadly defines communities that may

be more vulnerable to a variety of socio-economic

and environmental justice risks as those that have
concentrations (above the City average) of at least three
of the following factors: renters, lower educational
attainment, reduced household income and people

of color (see Figure 3). A 2013 gentrification and
displacement study worked to define these indicators
(Bates, 2013). While individuals may be more or less
vulnerable to a given climate change impact (e.g., heat, flooding, landslides), this
general identification of at risk communities is a starting place to begin a deeper
assessment of populations that may be hit hardest by climate change. Figure

3 maps vulnerable communities and relative access to “complete community”
services that are likely to help improve resilience, including transit, sidewalks,
food, schools and businesses.



CLIMATE EQUITY

Figure 3
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Integrating climate equity into the City and County’s climate preparation efforts
can result in the following long-term benefits:

= Improved data collection, including a broad set of sources and research
methods, to better understand the conditions and challenges facing
marginalized communities.

= Increased awareness and understanding to identify critical disparities in an
inclusive manner.

= Improved service delivery, particularly for communities facing disparities,
while improving the reliability, quality and safety of the entire system.
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et L EE TR R

= Improved transparency and accountability through effective public

engagement.
= Improved and expanded community partnerships that leverage the skills
and expertise of others to research and develop innovative approaches to

climate change preparation.
= Tailored outreach and service delivery that is relevant to the primary needs
of each at-risk community.
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CLIMATE EQUITY

Putting equity into practice requires looking at relevant questions, data and priority setting needed to advance equity in decision-making. To ensure the most
equitable outcomes possible, these or similar questions will be explored at different phases of a climate change preparation project, policy or program:

1. What are the desired results or outcomes of the action? 5. Areracial, ethnic, low-income populations, older adults or disabled people

2. What are the current and historical racial disparities related to the action positively affected by the action? Is there a missed opportunity to reduce
(or similar actions in the past)? existing disparities these communities experience?

3. Does the action involve land or space? If yes, how is any historical 6. Are there unintended consequences or negative impacts of this action for
connection to the land and the populations who hold such connections racial, ethnic, low-income communities, older adults or disabled people? If
considered in decision-making? so, what are the strategies to mitigate negative impacts?

4. Who primarily benefits from the action? 7. How does the proposed action promote 1) meaningful engagement of

those most impacted, and 2) transparent, inclusive and empowering
collaboration?

THE PORTLAND PLAN — A FRAMEWORK FOR EQUITY

eQUITY

UL TER = T

THE
FI] RTLAND

Thriving
Educated
Youth

LAN

Healthy
Connected
City

Economic
Prosperity and
Affordability

OPpoRTUNITY

The City and County will use the Portland Plan’s “Framework for Equity” as a guide when implementing actions outlined in this strategy.

The Portland Plan defines equity as “when everyone has access The Portland Plan also states that without healthy, thriving,

to the opportunities necessary to satisfy their essential needs, prepared people we cannot achieve our highest goals, implement
advance their well-being and achieve their full potential. We have our best plans for dealing with climate change or secure Portland’s
a shared fate as individuals within a community and communities position in the global economy. Without a city that is physically
within society. All communities need the ability to shape their designed to last, future generations will not benefit. We want a city
own present and future. Equity is both the means to healthy where we are better on a good day so we can bounce back from a
communities and an end that benefits us all.” bad day. It requires that everyone thrive and everyone participate.
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CHAPTER 3 — CLIMATE PROJECTIONS

An existing climate of variability

he climate of the Portland metropolitan area is historically variable,
both seasonally and annually. The cool season is affected by variations
over the Pacific Ocean, particularly the El Nifio Southern Oscillation
(ENSO) (Mote et al., 2013). Several other factors also influence Pacific
Northwest climate including proximity to the ocean, topography, and latitude
(K. Dello, personal communication, January 9, 2014). These factors dictate the
major aspects of weather such as temperature, wind, precipitation (type and
amount) and humidity. This complexity extends to defining the global climate
type for the area that includes characteristics of both the marine West Coast and
the Mediterranean climate classifications.

Portland experiences a temperate climate that is usually described as mild,
with wet winters and most precipitation falling in October through March.
Summers are warm and dry (Oregon Climate Service, 2013). According to the
Koppen climate classification system the Portland area, like much of the Pacific
Northwest, falls within the cool, dry-summer subtropical zone (Csb), also
referred to as cool-summer Mediterranean. While extremes of temperature and
precipitation are infrequent, they do occur.
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Recent climate trends

The factors that influence climate in Portland present complexities
in understanding Portland’s future climate. The Pacific Northwest
has already experienced some climatic shifts in the past century.
While these changes in the climate are significant, Portland is
unlikely to suffer the severity of impacts related to hurricanes,
intense drought and sea level rise as many cities around the world
will face.

Anincrease in average annual temperature is the most consistent
trend identified in the last century. For the Pacific Northwest,
average annual temperatures increased by about 1.3 °F in the 20th
century (Dalton et al,, 2013). Trends in extreme precipitation are
ambiguous and often depend on the period of record and method
used. Extreme 1-hour precipitation increased in Portland, but there
was a slight decrease in the 24-hour period. (IPCC, 2007a; Rosenberg
etal., 2010; OCCRI, 2010; Kunkel et al., 2012; Mote et al., 2013).

In addition, several research papers document shifts in the
amount of regional snowpack (or snow water equivalent) as of April 1 each
year. Snowpack is an important indicator for Portland because the Willamette
and Columbia Rivers are fed by snowpack, and subsequent snowmelt, in the
late spring and summer that may cause flooding or affect hydro-electricity
generation. While there have been a few monitoring sites that have shown
increases, the majority of sites, particularly in elevations below 4,000 feet, show
significant declines in average snowpack. The Pacific Northwest has experienced
the largest declines in average snowpacks in the western United States, a
change that can be primarily attributed to an increase in winter temperatures
(OCCRI, 2010).

Unlike increasing average annual temperatures and decreasing snowpack,
historical trends in annual precipitation are neither increasing nor decreasing.
Additionally, there does not appear to be a statistically significant trend in
extreme precipitation events in the Pacific Northwest (OCCRI, 2010; Rosenberg
et al., 2010; Kunkel et al., 2012).
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CLIMATE PROJECTIONS

PORTLAND TEMPERATURES AND PRECIPITATION

Historic average monthly temperatures in Portland range from lows of
around 36 °F (December) to highs around 80 °F (August) (see Figure 4). Days
with maximum temperatures above 90 °F occur 11 times per year, and
temperatures above 100 occur once per year on average. The all-time record
high temperature is 107 °F, temperatures below zero have only occurred
once every 25 years (Oregon Climate Service, 2013; Western Regional Climate
Center, 2013; National Weather Service, 2013). The average l