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Definition...

ty of individuals, communities,

ses, infrastructure and/or natural systems
- adapt, and thrive, regardless of the chronic
e shocks they experience.

Acute SHOCKS are sudden, sharp  Chronic STRESSES are slow moving
events. disasters.

= tornados and hurricands = aging infrastructure
» floods = climate change/sea levelrise
~ = extreme heat = coastal erosion
"= wildfire = recurrent flooding
= earthquakes = high unemployment/ poverty
A b " disease outbreaks/ pandemics * demand growth/capacity limitations | ]ﬂ!‘. ﬁ. L

. terrorist attacks = chronic food and water shortages ":'"TJ__;I_ . T

= cyberterrorism » regulation or market changes : '-'r_. o ..lf




Resilience Lexicon:

The "Resilience" vernacular can be different for different groups and sectors:
individuals, communities, institutions, businesses, infrastructure, or natural

systems

Business
continuity

Al

. hazards

3

Reliability

Disaster response
and recovery

Emergency -
Planning and Cyber Energy .
Preparedness Security, Security
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Resilience at Organizations...

Resilience should be at the center of every
organization’s purpose — it shapes our future and
how we thrive.

= Countries, States, Counties,
Cities, Agencies, Institutions,
Companies, Families

= |t enables our society to focus
not only on today, but also to
anticipate and adapt to the
future.

/



Resilience Challenges

03 04

Aging Operational
Infrastructure Continuity
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Impacts
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Why is Resilience such a hot-topic right

now?




Extreme Events Increasing in Frequency & Severity

United States Billion-Dollar Disaster Events 1980-2021 (CPI-Adjusted)

B Drought Count B Flooding Count B Freeze Count B Severe Storm Count Tropical Cyclone Count
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1980-2021 Billion-Dollar Weather and Climate Disaster Cost (CPI-Adjusted) ‘@’

Cost
$5M-100M
$100M-250M
$250M-500M
$500M-1B
$1B-2B
$2B-5B
$5B-10B
$10B-20B
$20B-50B
e $50B-100B
$100B-200B
$200B+

United States
. Drought: S250B+ - Flooding: $100B-200B . Freeze: S20B-50B . Severe Storm: $250B+
Tropical Cyclone: $1.1T+ 0 wildfire: $100B-200B @ winter Storm: $50B-100B @ Al Disasters: $2.1T+

Please note that the map reflects a summation of billion-dollar events for each state affected (i.e., it does not mean that each state

shown suffered at least $17 billion in losses for each event).
©Jacobs 2022
Source: NOAA National Centers for Environmental Information (NCEI) U.S. Billion-Dollar Weather and Climate Disasters.
https://www.ncdc.noaa.gov/billions/




1980-2021 Billion-Dollar Weather and Climate Disaster Cost as % of Aggregate State GSP @
(CPI-Adjusted) V
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U.S. Billion-Dollar United States
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Billion-dollar events to affect Alabama from 1980 to 2021 (CPI-Adjusted)

Disaster Events/Year Percertt Total Costs feieen o u D o es n ’t j us t i m p act

Type Frequency Total Costs

® oo , infrastructure

@ riooding 2 0.0 2.0% $100M-$250M 0.3% [ ] Can impact overall
e 3 0.1 3.1% $100M-$250M 0.3% resilien ce

. Severe Storm 44 1.0 44.9% $10.0B-520.0B 25.7% - Supply Chain

Tropical Cyclone 24 0.6 24.5% $20.0B-$50.0B 54.3% — Employee impacts
| wildfire 2 0.0 2.0% $500M-$1.0B 1.5% - Energy security
® winter storm 8 02 8.2% 51.08-52.08 e - Available funding
. All Disasters 98 23 100.0% $20.0B-550.0B 100.0%

pools

Select Time Period Comparisons of Alabama Billion-Dollar Disaster Statistics (CPI-Adjusted)

Billion-Dollar Percent of
Total Cost

Time Period Dieaiors Events/Year

1980s (1980-1989) 13 1.3 $2.0B-$5.0B 10.4%

1990s (1990-1999) 15 15 $2.0B-$5.0B 10.5%

2000s (2000-2009) 25 2.5 $10.0B-520.0B 40.4%
Source: NOAA

2010s (2010-2019) 30 3.0 $10.0B-$20.0B 25.4% National
Centers for

Last 5 Years (2017-2021) 29 5.8 $5.0B-$10.08 19.8% Environmental
Information
(NCEI) U.S.

Last 3 Years (2019-2021) 18 6.0 $5.0B-$10.08 13.4% Billion-Dollar
Weather and
Climate

Last Year (2021) 6 6.0 $500M-$1.08 1.3% Disasters.

10

All Years (1980-2021) 98 2.3 $20.0B-$50.0B 100.0% ©Jacobs 2022



Increasing event intensity driving policy change that wi

infrastructure desig
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Resilience is increasingly important as our infrastructure becomes more
connected and more digital

X

0D/ R
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COLONIAL PIPEL

/

fE—

m—
PIPELINE HACK IMPACT ON GAS PRICES

LOCAL

THE HILLSBOROUGH COUNTY SCHOOL BOARD WILL MEET AGAIN TOMORH

Hacker Tried Poisoning Water Supply After Breaking Into Florida's
Treatment System

{9 February 08,2021 & Ravie Lakshmanan

Hacker: I broke into water plant

COMM GOOD

DAILY REPORT




Industry trends demand change - while infrastr

is increasing, the number/quality of qualified workers is
decreasing

Systems

ualified
o Complexity

Staff at
Market Rate

14
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5e, supply chain issues

Orlando officials urge residents to limit water
usage to preserve oxygen supply for COVID-19

Tampa Bay Water asks
users to cut back as COVID-
19 saps oxygen supplies




Resilience means different things for every

the same end goal

Period of
regulatory change

Disruptive events

|

Period of changing
environmental
performance expectations

Systems with low resilience adapt

A :
Safe operating space: operating | _ slowly through periods of change
range that provides acceptable | and may not fully recover from
system performance ¢ disruptive events

=

» Time

©Jacobs 2022



How can we promote resilience —

buzz-word

Incorporate “resilience thinking” throughout
our community policy and leadership culture: - e

> Risk Reduction (from all known
natural and man-made hazards)

Reliability (against all known shocks
and stressors)

>

> Operational Continuity (contingency
and preparedness planning)

>

Resilience (adaptive systems that
respond well to impacts)

Proactively going beyond “the historical” to get ahead of the “new"......



Integrating Resilience Thinking Throug
Project Life Cycles: Comprehensive rlsk-based CIP decision making

Vision and Strategy Planning & Project Delivery

 Drivers & risks
« Stakeholder needs

+ Manage Dependencies
- Life cycle approach

Operations &
Maintenance

« Workforce development
« Team empowerment
+ Continuity of operations

« Lifecycle asset
management

selection

- Lifecycle planning
« Design for

shocks/stresses

Response & Recovery

 Preparedness

« Training

- Emergency operations
« Evacuation, testing,

restoration strategies

Development - Design & construction

« Risk-informed site * Supply chain

management

« Risk-informed processes
« Community engagement

©Jacobs 2022
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Resilient infrastructure approaches

avoid silos and promote collaboration

Stormwater
— Utilities

— Transportation
— Urban planning

— Smart cities

— Buildings
\ | * Asset security

| __* Reducedrisk
* Define LOS * Reliability
* Address all known * Improved performance
hazards

* Forward looking view
e Smart decision making Resilient
e System interactions and Infrastructure =

dependencies
* Maximize co-benefits
Photo from FreeFoto.com * Integrate and collaborate

Improved Reliability =
Less Risk and Liability




Co-location can create completely different risk profiles than
asset condition alone

GEYTING .ANSWEI'\’S

What's Bemg Done Here? L

[ |

21 ©Jacobs 2022



Next-generation asset condition assessment and prioritization

exposes unforeseen vulnerabilities and areas to optimize investment

= Using GIS tools and “systems-based” thinking, identify interdependencies across
multiple sections
— Analyze 3 modes of infrastructure failure
— Create rank-ordered list of vulnerable areas in city, installation, campus, or facility
— Provide maps showing most vulnerable cells
— Serves as baseline condition assessment for resilient development

Existing Conditions Collocation External Threats  Vulnerability Analysis

i e
) e

- Most
Vulnerable

22 ©Jacobs 2022



Case Study: Co-location Prioritization Pilot, Manitou Spring, CO

. Analyzed mUltiple sectors 5 Sectors 55 Sub-sectors  Hazards
for Clty Sanitation Mains Earthquakes
= Utilized multiple subsets Water - Laterals Flooding
of existi ng data Communications Raw Fire
— Hazard Miti g ation Plans Energy Valves/Fittings Landslides
— Asset inventories/condition Transportation ~ | Pump Stations... Sea Level Rise...
rating
| | P rOVi d ed u p d ate d - ""a':w,., 24 Collocations.—> WISRD Analysis
priorities for consideration
i o \ 5 3 BYE Ping Exmmals::zé:l V rade
" Challenges: . =
— Requires multi-entity CERN et R om0
CO ll.a boration N a.n ir.\ / . b '.;:\ = ] I a : = = P ‘;; ) : CZ:f:unication 0:700
— Information sharing - mi | ¢ — s - S

al NDAS. but to
.3 benefit of all

Heat Map Compare
O mvcs Plans

7S
% \
Atain. ¥

[ I | ) -
Bureau of Land Management, Esri, HERE, Garmin, INCREMENT P, NGA, USGS @;r 1 e




Case Study: Co-location Prioritization Pilot, Manitou Spring, CO

Sufficiency Rating = 95% Nov. 2017

Failed Mar. 2018 | &

24 ©Jacobs 2022



Miami Beach Integrated Water Resource Plan

Miami Beach, FL

= $400M Capital Plan Prioritization, Publicly-vetted Project Evaluation

Framework/Formulas, influencing $ 1B of future investment via policy/standards
— Risk scenarios, scoring, grouping, prioritizing

- Included:
» Coastal flooding risk » Environmental benefits
= Potable water distribution/fire suppression = Economic development
= Emergency/critical facilities & roads = Pedestrian and bicycle mobility
= Sanitary sewer delivery = Road classification
» Rain stormwater management = Road conditions

= Aesthetics

— The inputs (capital projects) came from several city sources
= _transportation master plan. stormwater drainage reports, water master plan_se

, S X - e ENG aBing i, e
- & < ok : R .-
an ~ W o~ =T . v - . Rackiy < .




Miami Beach Integrated Water Resource Plan

Miami Beach, FL

Evaluated individual capital projects against City’'s management priorities and
goals

- Aggregated individual capital projects into logical geographical Project Group
Areas that can be implemented as single consolidated projects

« Conferred with multiple departments to align city's priorities and conducted
public meeting

Recommended prioritization of capital Project Group Areas to be sequenced and
funded over time’ 560 projects were reviewed, and 401 projects were selected

~ » Objective, collaborative, and transparent process to enhance overall community
_ resilience across multiple areas




Many cities recognizing benefits of multi-departmental, multi-pronged

resilience strategies

= Resilience officials

27

= Resilience plans

This scope of work is intended to review the flood related climate hazards, assess the potential
for impacts to utility infrastructure from those hazards, establish climate based levels of
protection to inform future design criteria and determine where additional vulnerability and
risk analysis may be warranted. This initial effort will support the communication of climate
based risk for built infrastructure and the need for high performance standards and continued
investment, for County leadership and decision makers.

©Jacobs 2022



. b Challenging today.
7/ aco S Reinventing tomorrow.

City of St. Petersburg,

Florida
A Resilience Journey




St. Petersburg, FL

29

“St. Petersburg will be a city of opportunity
where the sun shines on all who come to
live, work and play. We will be an
innovative, creative and competitive
community that honors our past while
pursuing our future.”

250,000 utility customers
110 neighborhood & business associations

Progressive one-water approach — 1stin
nation with distributed reclaimed water
system

©Jacobs 2022



Resilience for St. Pete

“Water is the most
perfect traveler
because when it

travels it becomes

the path itself!”

- Mehmet Murat
ildan




Resilience Challenges Facing the City's Infrastructure

Climate Strike Draws Hundreds In St. Petersburg

St. Petersburg Mayor Rick B-,JESSlAMESZAROS&HOMASIACOBUCC\ + SEP 20,2019 . o . ‘ ‘

s « CEE ~ i T ) o Protesters in St. Petersbhurg took part in climate strikes happening across the world Friday,
Kriseman addresses sewage g Sl

problems

Millions of gallons of sewage dumped into bay

ahead of a United Nations Climate Change Summit next week.

Flooding in St. Pete and Tampa

— WARNING

INATED =

WATER IS CONTAMI

sunuc:ot AR L oWiM OR FISH
INTHIS

o
e ettt st o = S

News Weather Sports Connect

vvvvvvvvvvvvvvvvvvvvvvvvvvvv

vvvvvv

VERIFY: What's in your drinking
water?

Top St. Pete headlines in 2015:
No. 2 - Raw sewage

— by Janelle Irwin
According to an NRDC report, Florida ranked second in the U.S. for
people affected by Safe Drinking Water Act violations in 2015, but does

this mean you need to be worried about what's in your water?

31 ©Jacobs 2022



Other Resilience Challenges

As the City
City Staff . develops
Suc%:,ession Cov%arg(:r?ilt?es Rec\c\?:tt:r)nal solutions and
Planning Quality plans for
infrastructure
improvements,
they found it
critical to
. consider non-
Vertical asset related
Level of COVID19 Growth and resilience
Service Impacts New hall
Expectations Businesses CNAtenges.

32
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How did the City begm their “Resilience Journey”

Primary
driver,
eliminate
SSOs, but in
manner to
support
community
needs.

Recognizing
the many
benefits, St.
Petersburg
chose a

One Water
approach

Support Economic Benefits Enhance Vitality of Community Integrate Water Resources

33 ©Jacobs 2022



Resilience for St. Pete

Population Growth

12% projected Sea Level Rise

through 2040

Greenhouse Gas Emissions
Clean energy opportunities, energy
efficient equipment

2-ft increase forecasted
thru 2040

Sustainability ST PETE Aging Infrastructure

LEED & ENVISION certifications, Sustainability RESILIENCE potable water plant >100 years old

& Green Ordinances, STAR Community Rating CHALLENGES \S/v:v\slzi\;vztoe_rfglgr;t;ajsgl)éears old

Surface Water Quality Extreme Weather & Flooding
sewer overflow impacts on recreational waters, . sewer overflows, local flooding, King Tide
nutrient reduction for Tampa Bay Security impacts, Tropical Storm Eta on November 12,
terrorism, cyber attacks, 2020 experienced high water of 4.16 ft

active shooter
34



Global Mean Sea Level Change
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Effects on Groundwater Levels

» Direct correlation between SLR and
groundwater for tidally influenced areas

* Increase of 0.2-0.4 ft (1-2 ft SLR by 2040)
* Increase of 0.4-1.0 ft (2-5 ft SLR by 2070)

» Potential Stormwater Implications

» Reduced capacity of infiltration and surface
conveyance.

» Backflow from tidally influenced outfalls.

 Saltwater intrusion impacts on vegetation and
corrosion of assets.
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B =000 8 Putersbug Tidel peugs A APPROXIMATE ZOME OF
B oo Vel oo s INFLUENCE
2 Contrurs fat QW Lirest during weil ssrion [AVE078) 0 onE 1 o PM: ETBEED DATE- 4082017
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Potable Water Piping
Corrosion Potential

Legend

———— Water Main TDS (mg/L)

i:::i Water Service Area - 200 - 500
I scc - 1000
I 1.000 - 2,500
1 2500-5,000
[_15,000-7500

[ 7,500 - 10,000
I 10,000 - 15,000
I 15.000 - 24,000

Operational challenges with
cast iron pipe in highly saline
areas (red on map)
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St. Pete’s
Resilience
Journey

The City embarked
upon multiple
concurrent plans and
strategies to improve
its ability to provide
uninterrupted service
to its customers.

The City’'s journey will
continue as
recommendations
from these plans are
implemented.

Integrated Sustainability
Action Plan

Set of actions to protect against extreme
weather, transition to clean energy, reduce
greenhouse gas emissions and work toward
a more sustainable, vibrant, equitable, and
economically-robust community

v 0

Integrated Water Resources
Master Plan

Holistic determination of ALL water resources
capital needs including the general timing for
investment, level of service, risk, compliance
needs. Plan provides short, mid, and long-term
strategies for potable water, wastewater,
reclaimed water, and stormwater systems.

Stormwater Management
Master Plan

Comprehensive plan working with the
Southwest Florida Water Management District
to develop a strategy that offers both local
and regional stormwater management
benefits and improves insurance rates.

American Public Works
Association Accreditation

Staff developed standardized procedures
for effectively managing utility assets and
a Strategic Plan focused on the process
improvements, infrastructure, data
management, training, communication,
and hiring practices.
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The Value of Resilience? ... It depends on the system and can be estimated to
justify and prioritize investments. Typically $4-$6 benefit per $1 invested

= Benefit of resilience can be

measured in Mmany ways:
— damages avoided

— business losses avoided

— Social impacts

— Environmental impacts

— Financial impacts (bond ratings,
insurance rates)

» $4to $11 saved on average per $1 invested in Hazard

Mitigation:
— Adopting model building codes saves $11 per $1 spent
— Mitigating infrastructure saves $4 per $1 spent

ADOPT ABOVE
CODE CODE

Overall Benefit-Cost Ratio 11 4:1
Cost ($ billion)  Myear  *4ea

Benefit ($ billion) *13hear 164
Riverine Flood
Hurricane Surge
Wind
Earthquake

@ Wildland-Urban Interface Fire

Copyright © 2013 The: National Institute of Bullding Scences

Source: “Natural Hazard Mitigation Saves: 2019 Report”, National Institute of Building Sciences, 2019

©Jacobs 2022



NYCDEP (NY) found $3.5 to $7 saved for every $1 invested in wastewater
infrastructure flood resilience to guard against future Hurricanes like Sand

NYC WASTEWATER RESILIEMCY PLAM
e T s

Adaptation Cost Risk-Avoided Over50 years

I Pumping Stations ! Wastewater Treatment Plants I Total

Investing $315 Million in strategic fortification can safeguard
$1.1 Billion of vital infrastructure and save the city $2.5 Billion
in emergency response costs over the next 50 years.

41 ©Jacobs 2022



New Infrastructure Investment and Jobs Act is largest investment in the

resilience of physical and natural systems in American history

= Signed into law November 15, 2021, creates $550B in New infrastructure funding
» 2 Funding Mechanisms: Formula funding and Competitive Grants

$284 billion for Transportation $266 billion for Water, Environment, Energy
Safety Other
$11B Remediation $5B

Transit $21B \
$398

Roads & Reconnecting
Bridges Communities
$1108 $18 et E:Z!E:r&
. EV Ch esiliency
—o, i
| EV Buses
$7.5B
Ports & / ater
Infrastructure
— Waterways I Broadband $558

$17B $65B
42 $25B ' ©Jacobs 2022



Resilience being incorporated into Federal programs

» By Executive Order 14008 “Tackling the Climate Crisis at Home and Abroad”, each
Federal Agency required to generate Climate Action Plans

» Not rule or law, but sets agency direction

USDOT EPA
1. Incorporate Resilience Criteria in 1. Integrate resilience into discretionary/non-
discretionary loan/grant programs discretionary financial mechanisms as
2. Incorporating resilience into project appropriate
planning process 2. Integrate climate-related considerations into
3. Ensuring resilience of DOT facilities and rule making
assets 3. Resilience assessments of EPA facilities

= Many IIJA programs focused around resiliency criteria - still being defined

43 ©Jacobs 2022



Transportation-related programs

= 5-year surface transportation reauthorization (56%

$284 billion for Transportation increase in FAST)
S;?ff; = 2 New Resilience-Focused DOT Programs - Carbon

$398B

' Transit Reduction ($6.4B) and PROTECT Program ($7.3B)

';‘:IZ‘;‘: feconnecting w New Bridge Investment Program ($40B over 5 yrs)
$1108 %18 = Additional $ for INFRA and RAISE
' EV Chargers
3 5758 = Alabama
| EV Buses . . .
$7.58 — §5.2 billion for federal-aid highway programs and
$255 million for bridge replacements
— S400 million for public transportation
— §79 million to support the expansion of electric
y vehicle charging throughout the state.
— — $140 million for infrastructure development at
Waterways airports.

$17B

$25B

44 ©Jacobs 2022



Water, Environment, Energy programs

$266 billion for Water, Environment, Energy

Other
Remediation $5B

$218 \

Energy &
Resiliency Power
$47B $73B
Water
Infrastructure
Broadband
$658 $558

Drinking Water SRF
(CWSRF)

19B 22B 24B 2.6B 2.6B 11.7B

Clean Water SRF(CWSRF) 19B 2.2B 2.4B 26B 26B 11.7B

Emerging Contaminants

($ through DWSRF) 800M 800M 800M 800M 800M 4B

Emerging Contaminants
($ through Small &
Disadvantaged Grant
Program)

8 18 1B ‘B | 1B: 5B

Emerging Contaminants

($ through CWSRF) 100M 225M 225M 225M 225M 1B

Lead Pipe

($ through DWSRF) 38 38 3B 3B 3B

15B

= 10% match, 49% to principal forgiveness

- USACE-%$17B
— Alabama

= Water Infrastructure, $782M over 5 years

45

broadband coverage

©Jacobs 2022



Water, Environment, Energy programs — Resilience-specific

= $47Bin programs across multiple agencies to address

- ) wide range of threats to infrastructure
$266 billion for Water, Environment, Energy

Other - Cyber
Remediation $5B — Floods
i \ ~ Drought
S — Pollution
Resglf;gcv ";‘;’;; = Many are competitive grant programs
— New and existing
= FEMA BRIC and Hazard Mitigation $4.5B
* STORM - FEMA Revolving Loan Program $500M
= Multiple NOAA programs
» Dept. of Int. Wildfire programs
Water
Broadband Infra;t;;ture

$65B

46 ©Jacobs 2022



Path to capitalizing on resilience funding

= Explore any remaining opportunities to secure funding
from the American Rescue Plan Act

= Revisit your capital improvement plan (CIP) project
prioritization processes

* |n the water sector, develop SRF program applications for
high-priority projects

* Conduct scenario analyses to identify key triggers for
changes in policy and programs

= Update your financial forecasting and planning models

= |dentify opportunities to advance environmental justice
and social equity objectives as your resilience programs
are implemented

= Make sure you have the capacity to deliver projects
within funding program schedule requirements

©Jacobs 2022



Path to capitalizing on resilience funding: strategies for

securing federal grant funds

= Get an early start in developing a
funding and grants strategy

= Re-submit past applications

» Scope projects that align with grant
program evaluation criteria

= Showcase partnerships — especially
non-traditional partnerships — as part
of project applications

= Consider planning and pre-
construction grant requests

©Jacobs 2022



Federal stimulus money can be integrated with many other funding

sources to fully fund resilience programs

5 0C 6086

Federal Federal & User Fees
Stimulus State Loan Other Grant Municipal /Fund
Funds Programs Programs Bonds Balances

Private
Capital

Overall
Funding
Program

©Jacobs 2022



. b Challenging today.
Uaco s Reinventing tomorrow.




