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Introductions
Resilience and Risk Perspectives

Resilience Analysis based on Emerging
Best Practices

Description of Climate Resilience Plan

Methodology for Developing and
Monitoring the Plan
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Recent Focus on Resiliency?

nttps:/fwtag.com/howard-
county/2018/08/zllicott-city-
leeu-flooding-lucal-araas-risl/

niep:/ S valtirmoresun.co
m/news/maryland/os-rd-ra-
recovery-20180901-story.ntrrl

ficeg:/ furvrindt.com/nzws
[maryland/parts-of-crisfizld-
still-underwater-following-

szcond-noraaster/713429039

A RASH OF

EXTREME
WEATHER
EVENTS...




Why the Recent Focus on Resiliency?

LOOMING CHALLENGES...
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Applied Assessment Approaches
INDICATOR

MATRIX

CLIMATE
VULNERABILITY
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Technical Assessments of Risks to Assets and Communities

Loss of Asset / Loss of Use
During Repair-Replacement

Asset Damage / Moderate
Service Loss For Repair

Cost/Damage

Increased Maintenance /
Minor Service Disruptions

Stressor Level



Presenter
Presentation Notes
Intent is to show that this type of curve can be generated for all building/infrastructure/community types.


VULNERABILITY RANKING QUANTIFIED ASSET RISK

Asset Ranking Impact Assessment for 100 Year Flood

Total Asset Score 81




Understanding Risk
Investment Assessment Methods SlB

Risk: Flooding

Likelihood: 1:500 Year Event
Discount Rate: 7%

Analysis Period: 80 Years

Resiliency
Investment: S30M

“Houston is experiencing its third ‘500-year’ flood in 3 years. How is that possible?”

—Washington Post, 2017
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We are 99% sure that the future (storm,
climate, etc.) will be like
conditions
we are showing here.

Considerations for Modeling




Risk Assessments — Considerations/Measure of Equity
Current Practice

$10,000,000

Results of Relying on Cost Metrics Alone
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Needed Transition for TRADITIONAL
Effective Resiliency

DESIGN STANDARD

RISK TOLERANCE

ASSET VALUE



Needed Transition for RISK-BASED APPROACH
Effective Resiliency

RISK TOLERANCE

Recurrence uncertalntles

Potent q'éHu--t'u_remg_:gng!__lt|ons

ASSET VALUE



Climate change could
end cheap credit for
local governments,
Moody’s reports.”

—David Pendered, SaportaReport
December 4, 2017

Key Driver of Change

“Governments that are at
risk for higher risks of
climate shock are asked to
explain how they are
prepared to deal with the
weather events associated
with climate shocks.”



Presenter
Presentation Notes
Insert as second slide of the “State of the Resilience Market” section


Community Climate
Resilience Plan

In
Governmen

Husiness Community




Ultimately — It Requires Choices

Information Informs
Decision-Making

Risk Analysis = Better Information
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TRAINING AGENDA

Description of Climate Resilience Plan

Key Steps of a Successful Methodology for
Building the Plan

» Provide general background knowledge of each of
the steps

» ldentify best practices

Wrap up with Q&A




Identifies actions that can be taken to reduce

\Nhat IS g C||mate Resi“ence Plan’p the impacts of a climate-related hazardous

events and increase the ability to return to
“normal” as quickly as possible.

a Focus on resilience

a Long-term planning window

AAAL/

a Comprehensive e

a Cross-sector/interdisciplinary <
a Forward-looking e )
Q Flexible content & format (



Presenter
Presentation Notes
Rawlings
- description of a plan
- the outline of a plan
- and if it's successful – you can check the box on all of the arrows
- We realize that you all may be thinking of the plan at different scales and for different types of organizations or systems.  What we are discussing today is scaleable but you want to make sure you align the process that you used to build the plan that we'll be walking through to the appropriate decision making.  


v’ System
v’ Key stakeholders

v’ System
goals/policies

v Key elements in the
system for risk
analysis

v" Climate Hazards

ENGAGE WITH COMMUNITY & STAKEHOLDERS THROUGHOUT THE PROCESS

@

Strategize

Climate risk to each v’ Develop strategies
element to reduce risks

Consequences of v Timescale of
collective risk solutions

Infrastructure cost v’ Engineering
analysis assessment to

Recovery time inform capital
estimation planning

Social vulnerability
Economic analysis

Climate
Resilience
Plan

!

Prioritize Implement

Develop evaluation v’ Put the planinto
criteria action

Comparison of v Performance
strategies measures to
Integration amongst monitor
strategies effectiveness

Political will and and costs

public acceptance


Presenter
Presentation Notes
Rawlings – quick intro of the steps and where the plan falls in
Your handouts walk through the process and the idea is to fill it in as we go.  


Climate
Resilience
Plan

1

v’ System
v’ Key stakeholders

v’ System
goals/policies

v Key elements in the
system for risk
analysis

v" Climate Hazards

ENGAGE WITH COMMUNITY & STAKEHOLDERS THROUGHOUT THE PROCESS


Presenter
Presentation Notes
Step 1A: Identify your system 
Rawlings – looking at your handouts – the identify activities are under Step 1 and are in blue font.  The first step is to simply describe your system.  So under 1A, take a moment to jot down in a word or a few words that describe a system that you are interested in protecting.  
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(75}
o
2
e
(70}
Q
-
o]
>
()
Z

Examples

1. Identify: A few key questions can be drivers for public or private entities for this process \

SERVICES

What key services does
your organization rely on?

Sewer & wastewater
management, utility
providers, transportation
agencies, etc.

INDUSTRY

What key industries does

your organization rely on?

Tourism, fishing, farming,
food and freight
distributors, unions, etc.

COMMUNITY

Who is your community
that supports your
organization and may be
impacted?

Civil society, non-profits,
neighborhood associations,
employees, customers, etc.

LEADERS

Who are the influential
leaders at your organization
or in your sphere?

Local

Shareholders, executives,
community leaders, elected
officials, etc.

Global
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Presenter
Presentation Notes
Step 1B
Allie 

Company/ corporate perspective: What is in your supply chain? 


ACCESS

Individuals who are unequally exposed to the impacts of climate change
within the context your organization operates within.
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The Importance of Identifying Socially Vulnerable Populations

Socially vulnerabl
populations may
experience:

Preparedness:
Higher likelihood of
living in
substandard
housing
Higher likelihood of
living near
industrial facilities

Response:
Higher likelihood
to face
challenges
evacuating &
finding shelter

Recovery:
Higher financial
risk/cost burden
Limits to mobility
Limited access to
public services

Mitigation:
Higher likelihood
of moving to other
at-risk locations
Higher likelihood
of being impacted

by variatiorv\islg I )

housing price


Presenter
Presentation Notes
Allie (Step 2J) 
- employees/customer base 


Engagement

2. ENGAGE: Continue to engage with these v’ Build awareness
groups throughout the entire lifecycle of v’ Gather feedback to inform the process
developing a climate resilience plan to: v' Build political will and legitimacy

What are strategies to communicate with
unequally vulnerable populations?

® Work with non-profits and ¢ Develop multi-lingual materials
local groups to develop trust and community forums
¢ ldentify relevant leaders ® Provide meaningful opportunities
for dialogue
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Presenter
Presentation Notes
Allie (added material to Step 1B)


®)

Articulate The “Vision” and The “Goals”

Determine the “Vision”

What do you want to achieve...

a) A functioning system that mirrors today
(aka, status quo but resilient to climate)

b) An “improved” future environment that
is resilient

Building on a legacy of innovation, Boulder will
cultivate a creative spirit to adapt to and thrive in a
changing climate, economy, and society.

Boulder, CO

In supporting our shared values, as our company

builds forward we will ensure resiliency to climate
change as well as healthy and safe conditions for
our employees under existing and future hazards.

Determine the goals \_

® Functioning facilities during and after
hazard events

® Economic vitality such as attracting
businesses or continuing our net growth

® Social vitality such as recreational facilities

¢ Climate equity
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Presenter
Presentation Notes
Allie (Step 1C/1D) 



Key Elements in Your System

MUNICIPALITY ~ COMPANY  AGENCY

2
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Presenter
Presentation Notes
Allie (Step 1E) – four key elements to get started with this thinking, choose elements that you know are exposed and your comfortable/familiar with 

City icons – transportation, 
water treatment, 
energy, 
housing, 
transit, 
financial, 
emergency buildings, schools,

Company icons – employees, communications, buildings, 
services for operation,
Customers 

Agency icons – employees, 
Policies and programs,
Asset operations,
Maintenance of assets
Customers




|dentify Climate Hazards

® Hazard Mitigation Plan
» ldentifies climate-related natural hazards

» Quantifies how often observed past
events happen and by location

» May further provide information:
— Potentially vulnerabilities in your system

— Future changes in climate
® Recent Events
» NOAA Storm Event Database
» Recent experiences

® Future Conditions
» National, state, and local reports
» Online resources (e.g., climate.gov)

» Severe winter storms » Coastal flooding
» Severe winds » Inland flooding

Dam failures

Tornadoes

Subsidence

Extreme temperatures

» lce / sleet storms » Landslides,
mudslides, and

» Freeze-thaw days
rockfalls

» Dust storms _
» Tropical storms

» Warming temperature i
g P and hurricanes

» Drought
Wildfires

» Permafrost thaw



Presenter
Presentation Notes
Rawlings (Step 1F) – 
In step 1F, there is a list of hazards that might be of concern to your system.  If your system is large scale that goes across a region, then you'll want to identify which hazards are of concern in which regions today.  First place to look includes hazard mitigation plan that every state is required to have, also recent events that have occurred, and some sense of how future conditions may evolve.  

There are challenges, however.  Using this type of information, there can be a disconnect between what has happened today and what could happen in the future.  If possible, it's important to have more holistic understanding of the environment and how it may change – this is opposed to how we've bee doing this as a community over the past decade or so when we simply look at how a specific metric like 50 year storm is projected to change.  It's easier but it only tells a small targeted piece of the larger future conditions.
For the the sake of this exercise, check off those hazards that you believe are problematic today and circle hazards that you may already know will get worse moving forward.  If you defined your system and it covers a lot of geography, then write the relevant geography next to the hazard – e.g., coastal area or the Southeast.


TRENDS NOW: Relative Sea Level Rise

Source.‘l)O?AI ) .


Presenter
Presentation Notes
Rawlings 
As you think about the hazard under "F", I'm going to talk through some hazards – this is info from NOAA that can help define potential coastal flooding concerns.  Green = global mean SLR; yellow – orange- red is higher than mean
2-3 mm/yr global


TRENDS NOW: Observed Temperature

(1901-1960)

1986—-2016 relative to 1901-1960

USGCRP 2017 WS | )


Presenter
Presentation Notes
Rawlings 
Global temps are increased but not uniform everywhere - 

Global annual average temperature has increased by more than 1.2°F (0.7°C) for the period 1986– 2016 relative to 1901–1960. Red bars show temperatures that were above the 1901–1960 average, and blue bars indicate temperatures below the average. (right) Surface temperature change (in °F) for the period 1986–2016 relative to 1901–1960. Gray indicates missing data. 
Annual average near-surface air temperatures across Alaska and the Arctic have increased over the last 50 years at a rate more than twice as fast as the global average temperature. 


®)

Leading To Changes In

® Heavy precipitation ® Increased drought ® Flooding

® Extreme heat ® Less snow and ® Sea level rise and erosion

more rain :
® Underground coastal ® Changes in freeze/

inundation ® Storm intensification thaw cycles



Presenter
Presentation Notes
Rawlings 
These rising temperatures can cause multitude of changes in the climate...each one of these may have maps or tables already available that you can tap to identify already existing hotspot problem areas.


Hurricane Ophelia rains flood Davis; Source: NOAA
Bat cave mudslide on NC-9 (2018); Source: NCDOT
Blizzard of 1915, Raleigh, NC; April 1915. This view showing power lines and poles down along Morgan Street looking west at its intersection with Boylan Avenue.   (no credit)



Ohio & Varying Weather Extremes

e \Warm, humid summers and cold
winters

e Locations near Lake Erie
 Warmer in winter / cooler in summer
e Lake effect snow

 Without large mountain barriers,
no blocking mechanisms against:

e Very cold air masses from the Arctic
in the winter

e Warm and humid air masses from the
Gulf of Mexico in the summer

e Y 1
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Presenter
Presentation Notes
Source for text:  https://statesummaries.ncics.org/chapter/oh/

Based on its location, it’s in a tough spot for extreme weather and a lot of different weather experienced across the state


State’s Top Ten Hazards of Concern

Hazard Score | Rank
Flooding 21.09 1
Winter Storms 20.54 2
severe summer storms 18.44 3
Tornado 18.04 4
Drought 16.91 5
Earthguake 15.67 6
Dam/Levees Failure 14.71 7
Invasive Species 12.02 8
Landslide 11.57 9
Land subsidence 11.97 | 10
Wildfire 11.21 11
Coastal Erosion 10.39 | 12
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Source: State of Ohio Enhanced Hazard Mitigation Draft Plan (2019)


Presenter
Presentation Notes
Photo - https://www.weather.gov/images/cle/Wx_Events/2011/shelby_flooding.jpg 


For Ohio:

- Annual temperatures have
risen from 0.5°F to greater
than 1.5°F rise across the
state

- Greater temperature rise
during winter months than
summer

\\\I)

Source: NOAA/ NCEI


Presenter
Presentation Notes
Ohio has experienced some recent warming with winters experiencing a larger amount compared to summers.  That is, the winter may be getting warmer but the summers aren’t.  


Figure:  Observed changes in annual, winter, and summer temperature (°F). Changes are the difference between the average for present-day (1986–2016) and the average for the first half of the last century (1901–1960 for the contiguous United States, 1925–1960 for Alaska and Hawai‘i). Estimates are derived from the nClimDiv dataset. 



Source: CICS-NC and NOAA NCE|

Rise of about 1°F since the
beginning of the 20th century but
not a steady rise (orange line)

Increase in warmer nights (temps
above 70°F), statistically significant
warming in Cleveland and
Columbus

By mid-century, temperatures are
projected to exceed historical
record levels

By end of century, annual average
temperatures may rise an

additional 2 to 14°F
\\\I )


Presenter
Presentation Notes
Ohio has not experienced a steady rise in temperatures since the 1900s but more of a notable increase over the past few decades.  Night have gotten warmer which may reduce the needed cooling breaks that buildings and people need during hot spells.  

By 2050, temperatures are projected to become notably warmer with a large range of possible temperatures by the end of century, depending on how global society evolves over the coming century.


[Note there is a lot that can “mask” warming temperatures such as changes in clouds (their level in the atmosphere, their thickness, whether they precip or just remain for awhile and then evaporate,) and aerosols from coal-fired plants that cool the atmosphere …]

Figure: https://statesummaries.ncics.org/chapter/oh/

Observed and projected changes (compared to the 1901–1960 average) in near-surface air temperature for Ohio. Observed data are for 1900–2014. Projected changes for 2006–2100 are from global climate models for two possible futures: one in which greenhouse gas emissions continue to increase (higher emissions) and another in which greenhouse gas emissions increase at a slower rate (lower emissions). Temperatures in Ohio (orange line) have risen about 1°F since the beginning of the 20th century. Shading indicates the range of annual temperatures from the set of models. Observed temperatures are generally within the envelope of model simulations of the historical period (gray shading). Historically unprecedented warming is projected to continue through the 21st century. Less warming is expected under a lower emissions future (the coldest years being about as warm as the hottest year in the historical record; green shading) and more warming under a higher emissions future (the hottest years being about 10°F warmer than the hottest year in the historical record; red shading)



Recent Changes in Seasonal Precipitation

Winter Spring

For Ohio: [I I:l

- Observed change
In precipitation
depends where
you live (except Summer Fall

Fall, wetter

across the state)

\\\I)

Source: NOAA/ NCEI


Presenter
Presentation Notes
It really depends where you live as to how precipitation has changed by season.  This was why looking at an annual precipitation change that’s averaged across the entire state won’t tell you what’s actually going on.


Figure:  Annual and seasonal changes in precipitation over the United States. Changes are the average for present-day (1986–2015) minus the average for the first half of the last century (1901–1960 for the contiguous United States, 1925–1960 for Alaska and Hawai‘i) divided by the average for the first half of the century. (Figure source: [top panel] adapted from Peterson et al. 2013, © American Meteorological Society. Used with permission; [bottom four panels] NOAA NCEI, data source: nCLIMDiv].



Projected Changes in Seasonal Precipitation

 Winter and Spring precipitation increase - 10-20% by 2100, high scenario

e Summer precipitation is projected to decrease - up to 10% by 2100, high
scenario

e |ntensity of future summer droughts projected to increase

\\\I)

Source: CICS-NC and NOAA/ NCE|


Presenter
Presentation Notes
[Note – this is somewhat standard for a lot of the US]


Recent Changes in Precipitation Events

For Ohio:

* 18% increase in Maximum Daily
Precipitation

e 42% increase in 99t" Percentile in Daily
Precipitation

* 63% increase in 2 day events expected
to occur every 5 years over the entire
observation record

* 53% increase in 2 day events expected
to occur every 5 years since mid-
century

Source: CICS-NC and NOAA/ NCE|
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Presenter
Presentation Notes

Overall, precipitation events have been observed to be getting heavier and more frequent.

Figures:  These maps show the change in several metrics of extreme precipitation by NCA4 region, including (upper left) the maximum daily precipitation in consecutive 5-year blocks, (upper right) the amount of precipitation falling in daily events that exceed the 99th percentile of all non-zero precipitation days, (lower left) the number of 2-day events with a precipitation total exceeding the largest 2-day amount that is expected to occur, on average, only once every 5 years, as calculated over 1901–2016, and (lower right) the number of 2-day events with a precipitation total exceeding the largest 2-day amount that is expected to occur, on average, only once every 5 years, as calculated over 1958–2016. The numerical value is the percent change over the entire period, either 1901–2016 or 1958–2016. The percentages are first calculated for individual stations, then averaged over 2° latitude by 2° longitude grid boxes, and finally averaged over each NCA4 region. Note that Alaska and Hawai‘i are not included in the 1901–2016 maps owing to a lack of observations in the earlier part of the 20th century. (Figure source: CICS-NC and NOAA NCEI).


Events getting “wetter”

Projected Change
in Daily, 20-year Extreme Precipitation

Lower Emissions

Mid-century Late-century

Higher Emissions

Mid-century Late-century

Change (%)

Source: NCA4 0-4 5-9 10-14 15+
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Presenter
Presentation Notes
The 20-year return period of daily precipitation suggests an observed increase in levels, particularly for Fall.  This trend is projected to continue and increase an additional ~10%  by mid-century and up to 20% by end of century.

https://science2017.globalchange.gov/chapter/7/
Observed figure: Observed changes in the 20-year return value of the seasonal daily precipitation totals for the contiguous United States over the period 1948 to 2015 using data from the Global Historical Climatology Network (GHCN) dataset. (Figure source: adapted from Kunkel et al. 2013; © American Meteorological Society. Used with permission.)

Projected figure: 
Projected change in the 20-year return period amount for daily precipitation for mid- (left maps) and late-21st century (right maps). Results are shown for a lower scenario (top maps; RCP4.5) and for a higher scenario (bottom maps, RCP8.5). These results are calculated from the LOCA downscaled data. (Figure source: CICS-NC and NOAA NCEI).


Top Concerns over the next few decades

e Continued increase in heavy
precipitation leading to more
flood events

e [ncrease in summertime
droughts

e Rising temperatures and
warmer nights
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Heat, Changes in Precipitation, Storm Events, Coastal Flooding Impact...

Maritime Space Forests Emergency
Operations Management

Reservoir
Control

Construction Agriculture Recreation Ecosystems Health Environment
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Presenter
Presentation Notes
Rawlings
These climate hazards than generally have entry points of impact into most systems.  In the next step we'll be linking the changes in hazards to the impats on your system.


Climate
Resilience
Plan

1

v" Climate risk to each
element

v’ Consequences of
collective risk

v" Infrastructure cost
analysis

v Recovery time
estimation

v' Social vulnerability
v Economic analysis

ENGAGE WITH COMMUNITY & STAKEHOLDERS THROUGHOUT THE PROCESS


Presenter
Presentation Notes
Now, we'll move into the assessment portion of the training.  This is top of page 3 in orange font.  The outcome of this step is to have documented the climate risks to your system.


Assessing from a Risk Perspective

Assess

Why Risk-based? Allows for informed decision making on investment decisions and —
project prioritization under future uncertainties...

P LR P,

Likelihood of System
the H&Z&Pd. x Vuinerabihi'y x COI\SBq’UBI\CBS

N e o AT



Presenter
Presentation Notes
Mike


Climate Hazards and System Vulnerabilities

Assess

\.L24

Hazards of Concern Now

® Discussion with stakeholders of past events (anecdotal
evidence) and any notable trends in impacts over the past
few decades

® Recorded costs and/or loss of operation associated with
past events

® Drawing from analysis conducted at similar organizations

Hazards that could Impact the System
® Design standards (if values are surpassed)
® Published depth/damage, fragility curves, etc.

® Published impact information (e.g., mortality rates)

Plain/Portland Concrete Road
Stage Damage (London CC, 2011)
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Presenter
Presentation Notes
Rawlings 
QUANTIFYING TODAY'S RISKS... 
First, we want to define the hazard that is of concern in a way that can be evaluated.  For example, you might have identified flooding as a problem.  In a risk-based assessment, you want to describe the flooding.  Is when a King's Tide occurs and your street is flooded?  In which case the flooding is known to occur at the level of water and you then use available data to project the increased number of times a year that may occur in 40 years.   Recognizing that you would do a lot of digging and analysis to fill in the Table in 2G – list one of the elements in the first row and what hazard is of concern.  Then provide a brief description of the impact.  You can fill in other rows with either the same element but perhaps a different geography or different hazard, or list one of the other elements.


Conceptual Diagram: Maritime Transport

Climate
Drivers

Hazards

Impacts

Critical
Infrastructure

Changes in

Precipitation

Increased
Temperatures

Drought

» Soil moisture decrease the stability in
structures/ foundations

» Large fluctuations in wet/dry spells may

cause cracks in foundation

» Reduce depth of waterways for riverine

Riverine

Travel

Roads In/

Out Port

\\\I)


Presenter
Presentation Notes
Rawlings (Step 2G)
One of the tools that can be helpful in a qualitative sense is using a conceptual diagram to link the impacts of the hazard on the elements.  For example, ..  Then the arrows are markers that can be quantified – what are the drought conditions that lead to each of these different impacts on these elements.  Is it a month of meteorologically-defined drought during summer months when precipitation in your region tends to be low.



Conceptual Diagram: Maritime Transport

Climate

Sea Level Rise

Drivers

Saltwater

Hazards

» Corrosion of
structures

Impacts

Intrusion

Changes in Storm

Events

Increased
Runoff /
Heavy Precip.

» Damage to

infrastructure / debris

» Increase in
overtopping rates
(flooding of berth
facilities)

» Beach erosion

» Difficulties at
berths/port closure

» Exposure of decks of
wharfs and jetties
(corrosion)

Critical
Infrastructure

Changes in
Precipitation

A4

Drought

Increased
Temperatures

v

Warmer
Waters

Heat Events /

Convective
Activity

» Overwhelm drainage system (flooding)
» Loss of radar/radio equipment

» Damage to storage buildings

» Affect bulk shipping and cargo handling

» Closure of transport modes affecting
supply/distribution to/from ports

» Toppling of containers in stacking yards
» Scour of bridge supports

» Sedimentation in waterways

» Reduction in bridge clearance

» Affect working hours

» Soil moisture decrease
the stability in
structures/
foundations

» Large fluctuations in
wet/dry spells may
cause cracks in
foundation

» Reduce depth of
waterways for riverine
travel

» Affect
organisms that
live on ship’s
hull

» Affect
ecosystem
services

» Buckling of rails
» Joint expansion
» Deterioration of pavements

» Increased need for
refrigerated containers

» Heat/power failure
» Affect crane /etc. operation
» Employee safety

» Potential of cargo
spills/increased venting

Navigation
Tools

Riverine
travel

Bridges

In/Out Port

In/Out Port

44


Presenter
Presentation Notes
Rawlings (Step 2G)
Then you follow similar steps throughout your system – these types of tool tend to be useful to discuss impacts with non-technical folks or people that don't have a lot of time but are willing to provide input.  This is also important as there may be some strategies later on that actually reduce risk for more than one hazard.


Infrastructure Costs and Recovery

Assess

\Co4

Relate level of damage » Estimate costs of repair or rebuild

to climate hazard » Estimate recovery time



Presenter
Presentation Notes
Rawlings 
Buildin off the d

Aerial view of significant damage to the roof of a warehouse in Fitzgerald, GA, caused by an EF-1 tornado that struck on April 13, 2009.
Beachfront road and boardwalk damaged by Hurricane Jeanne (2004)



Consequences

»

»

»

»

Disproportionate
number of
disadvantaged
populations affected
(using the building
stock as a proxy of
impact)

Percent of population
and disadvantaged
populations being
evacuated

Potential for mental
stress, causalities,
and mortality

Loss of cultural
heritage

Economic Impacts

Event-driven

» Physical damage costs (repairs and/or
replacement to transportation, buildings,
energy, water, septic tanks, vehicles)

» Displacement costs of residents for extended
period post event (e.g., loss wages, increased
living expenses)

» Relocation costs of residents that are in areas
projected to be inundated (the implied social
impacts of loss of community and heritage)

» Loss of service operation (water, energy)

» Lost productivity through business
interruption

» Number of flooded businesses based on
building stock

» Debris removal costs

Long-term

» Reduction in property values based on event
occurrence and increase in insurance costs

» Increase beach nourishment costs to maintain
a “no action” scenario

» Increase maintenance costs on sectors to
maintain operation and services

Environmental Impacts

Event Driven

»

»

Assess

=Y

Impacts on water and air
quality

Damage to ecosystem with
migration or displacement of
animals into population
centers

Long Term

»

»

»

Loss of ecosystem services

Impacts on greenhouse gas
emissions

Change in vegetation and the
physiological effects on
plants and insects

46
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Presentation Notes
Rawlings (Step 2H) 



Quantification of Consequences

Translate into
guantifiable
physical,
economic, and
social impacts

PERCENT OR NUMBER
OF THE population
impacted

Assess

\.Lo4

COST ASSOCIATED WITH
DURATION OF OUTAGE for
essential services

COSTS FOR
POPULATION being
displaced

NUMBER OF MORTALITIES
associated with event

\\\I)


Presenter
Presentation Notes
Mike


Assessing Future Climate Hazards

Assess

=Y
® Next, how will these risks \—
change in the future

® Now assess how climate
hazards may change in the
future

» Recognizing there is inherent
uncertainty in capturing future
hazard exposure

» Results of change need to
reflect this uncertainty

\\\I)
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Presentation Notes
Rawlings 
Q


Global Warming by 2100 due to Heat-Trapping Gases

Assess

\.o4

(1901-1960)

Stop emissions today, committed to additional rise ~1.1°F USGCRP 2017 WS I )
49


Presenter
Presentation Notes
Rawlings 
NOAA : 493ppm CO2-eq; Rad Forcing 3W/m2


The two panels above show annual historical and a range of plausible future carbon emissions in units of gigatons of carbon (GtC) per year (left) and the historical observed and future temperature change that would result for a range of future scenarios relative to the 1901–1960 average, based on the central estimate (lines) and a range (shaded areas, two standard deviations) as simulated by the full suite of CMIP5 global climate models (right). By 2081–2100, the projected range in global mean temperature change is 1.1°–4.3°F under the even lower scenario (RCP2.6; 0.6°–2.4°C, green), 2.4°–5.9°F under the lower scenario (RCP4.5; 1.3°–3.3°C, blue), 3.0°–6.8°F under the mid-high scenario (RCP6.0; 1.6°–3.8°C, not shown) and 5.0°–10.2°F under the higher scenario (RCP8.5; 2.8°–5.7°C, orange). 

https://www.esrl.noaa.gov/gmd/aggi/aggi.html


Variability across Climate Models

Assess

\.o4

Mean HadGEM2-CC

bce-csm 1-1

IPSL-CM5A-MR inmcm4

Change in Mean Annual
Temperature

Source: NOAA GFDL; Alder et al. 2013

2050-2074 vs 1980-2004
RCP8.5
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Variability across Climate Models LI

\.Lo 4

Confidence in Results

less ) More

Mean Had GEM2-CC
Precipitation Temperature
bee-csm 1-1 Daily or Extreme Annual/Monthly
Municipal-scale Regional
IPSL-CMSA-MR
inmcm4

Change in August Precipitation (mm/day)

2050-2074 vs 1980-2004
RCP8.5

Source: USGS CMIP5 Global Climate Change Viewer, Oregon State \\ \ I )
NoreSM1-ME o
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Assess Climate Data B s
=Y

NCA4 Climate Science Special Report —

NOAA’s Sea Level Rise Viewer

® Regional, state, and/or local climate data processed
» Example, California Heat Assessment Tool

¢ It's important to utilize climate data tailored for your climate metrics

» Provide information on conditions may change to measure of harm/threat that has
inherent uncertainty

® Analyze the data from a risk perspective:
» What is the future likelihood the thresholds will be met under a given scenario?

\\\I)
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https://science2017.globalchange.gov/chapter/11/
https://coast.noaa.gov/slr/
https://www.cal-heat.org/explore

Communicate Climate Hazards to Non-technical Audiences

Assess
Key Findings

» Hot summer days with little relief in temperatures

® Findings are easy

to Identlfy d nd » Increased evaporation, particularly in the summer, potentially affecting water availability
understand » Increase in coastal flooding extent,

frequency, and duration during high
tide conditions

® Visuals are Simple » Increase in storm surge inundation
and consistent in
shading

® Uncertainty and
confidence is
spelled-out
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Future Consequences of Climate Vulnerabilities

Assess

Visualize using a GIS-platform \e—

¢ Within a region, what services are
potentially comprised?

® What'’s the collective impact on your
system or community?

Develop a schematic and identify consequences

\\\I)
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Assessing Social Vulnerability & Climate Change o<

\o4

Assess capacity to prepare : Assess capacity to Recovery &

for a flood or stormevent | deal with immediate | Mitigation*
» Evacuation communication damage » Financial stability
» Access to evacuation routes » Access to food » Health & wellbeing
» Ability to be mobile ' » Access to shelter ' » Ability to be mobile

» Access to shelters » Access to medical » Continued access to
attention employment

» Ability to be mobile

PREPAREDNESS RESPONSE RECOVERY & MITIGATION*
R

‘FlliE_ 4

\ii
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Key questions to consider: 
Key questions to consider when trying to identify unequally vulnerable populations: 
Who relies on the at-risk asset(s)? 
Who relies on the at-risk service(s)? 
Who relies on the at-risk industries? 


What it indicates 
Variety of languages used in County & how to communicate in an emergency 
Concentration of residents across the County. Identify congested routes, especially barrier islands to mainland. 
Households reliant on transit to evacuate 
Households/individuals with unique mobility considerations 
Households/individuals with unqiue mobility considerations 
Households/individuals with unique mobility considerations 
Locations individuals can seek shelter from a storm event 



Assessing consequences to socially vulnerable populations AR

Here again, you Can develop d . ) ——
. . Key Resources to Identify Socially
schematic or community map Vulnerable Populations

and identify consequences ¥ Community census data
v" Stakeholder & public engagement meetings

v' Historical and contemporary narratives

v" Interviews

- = -
o A ; Increased
é ] Individuals potentially Results in vulnerability &
bo-\;:.r N Services cannot access: community health bat g
ﬂ”' d'"j suspended - SNAP benefits impacts, mental .exacert ° i "
o - Free health clinics stress, mortality. HEE S IO
| future
T T T T ) T ——————
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Evaluate and Determine Top Risks

® Review the assessment findings
» Rank based on what matters most to you (consistent with vision/goals)

— Costs and economic impacts
— Population / employees impacts Costs under Hazard Condition 1
— Services for the community impacts

— Level of disruption to business
continuity

— Impacts on supply chain
— Reputation
— Environmental impacts

Evaluated Asset
= R W s LN Oh o 00D

100

=
S
2
5

20

W Social Cost W Ecomomic Cost

Assess

\ 24

120

\\\I)


Presenter
Presentation Notes
Step 2K/Step 2L 
What are the risks that you want to start planning for? Align with your vision and goals established in Step 1


Climate
Resilience
Plan

1

Strategize

v’ Develop strategies
to reduce risks

v" Timescale of

solutions

v Engineering
assessment to
inform capital
planning

ENGAGE WITH COMMUNITY & STAKEHOLDERS THROUGHOUT THE PROCESS



Risk Assessment then Informs Strategies

Strategize

Example Strategies: \W
» Evaluate and upgrade all facilities and » Incorporate climate risk into future project

infrastructure identified at risk design and location selection

o

» Consider measures for strengthening "weak links » Hazard-proof new facilities and infrastructure

in the supply chain » Expand employee or community safety plans

Strategy Strategies for
No. Power plapt /SLR

Description

Relative

Flood Proof/flood.- — Costs
resilient stations (5-58%)

Pathways

Build tigzy barrier
Structure

\\\I)
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How to Craft Inclusive Resilience Strategies?

1. Consider the feasibility of resilience strategies \_
with respect to socially vulnerable communities:

Assess risk = Strategize - Who will be able to carry out the strategy?

Who will be left out the strategy?
Who will the strategy benefit?

Example: Elevating homes

» Restrictions to socially vulnerable

» ldentify ways to mitigate these
populations:

restrictions during strategy
— Access to money development.

— Property ownership
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Inclusive immediate strategies  
Longer-term consequences of proposed/adopted strategies  


How to Craft Inclusive Resilience Strategies?
2. Consider \_

the longer- HEALTH HOUSING
term |mpa(?ts » Access to medical » Tax base

the strategies facilities comTT— » Demographics
might have OnsicERtiE » Property values

web of basic
needs and how

these might
change due to

the selected

» Key industries ]
strategles

»
» Access to Access to food

employment

JOBS & INCOME

» Agriculture
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Inclusive immediate strategies  
Longer-term consequences of proposed/adopted strategies  


®)

Timescale of Solutions /[
Consider \—

¢ Cost/financial feasibility — can it be incorporated into an investment plan/capital projects?

e Timeline of hazard (& likelihood) —is it already occurring or not projected until far into the future?

® Degree of Impacts and Consequences - How bad is the severity of impacts?

) ) Hazard Hazard
Timeline of

Implementing
Strategies

Tod
oday 2030 2060 2080 \\\|)
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Climate
Resilience

Plan

'

Prioritize

v Develop evaluation
criteria

v' Comparison of

strategies

v’ Integration amongst
strategies

v' Political will and
public acceptance

ENGAGE WITH COMMUNITY & STAKEHOLDERS THROUGHOUT THE PROCESS



Prioritize
Evaluate and \ = 4

|dentify Top Relative costs to implement
Strategies

Losses avoided due to reduced risk

Level of protection

No regrets

Community acceptance

Environmental benefits

Benefits to vulnerable populations

Time and disruption to implement

\\\I)
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Prioritize
Roles/

Responsibilities Financial
of Strategy
Implementation Logistical

Environmental

Political

Social (Community-Oriented)

\\\I)
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Limitations é
and Barriers /

political Political pressures — needs buy-
O lt!ca in/ownership early
Savviness

“Frame” community sensitivities in

the system — e.g., nuclear power
plant that’s vulnerable

323 Process for buy-in across
stakeholders/leadership

l. ‘)‘( 3

» )
2%

\\\I)
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Develop and \

Finalize Climate Detail prioritized strategies to
Resilience Plan

reduce climate risk

ldentify timeline and milestones for
strategy implementation

> Breautive SUFme; |dentify responsibilities

* Description of the System Identify funding contributions
e Current and Future

Climate-Related Hazards Develop succinct and telling graphics
* Hazard-Related Risks & and text
Consequences

« Strategies for Climate Ensure draft plan is vetted with appropriate
Resilience stakeholders and there is "buy-in"

e Implementation Plan of
Strategies

\\\I)



Climate
Resilience
Plan

Implement

v’ Put the plan into
action

v Performance
measures to
monitor
effectiveness
and costs

ENGAGE WITH COMMUNITY & STAKEHOLDERS THROUGHOUT THE PROCESS



Climate Resilience Plan

Impleme
Produce Plan Implement Plan Review and Revise Plan W
» Detail prioritized » Develop performance » Every few years
strategies to measures monitor and revise as
reduce Cllmate r|Sk — Assess the performance needed

P . of each strate
» ldentify timeline &Y

and milestones for » ldentify critical factors

strategy that may be reducing

implementation strategy effectiveness
» ldentify

responsibilities

» ldentify funding
contributions

—
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