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Natural Hazards Impacting Florida

e Hurricane
Storm Events

* Precipitation
Events

e Sea Level Rise
 Wildfires
* Drought

e Sinkholes

Irma making landfall in the Florida Keys
Credit: NOAA
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A law enforcement vehicle patrols a flooded street in Everglades
City, Florida, U.S., September 11, 2017. REUTERS/Bryan Woolston
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US 98 in Franklin County. FDOT
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Sharing Our Ideas

Web

Poll Everywhere — multiple ways to access the polls:

 Visit www.PollEv.com/fdotplanning from your phone,
tablet, or laptop to access the polling questions

Text

 Text “FDOTplanning” to 22333 to join the poll and
respond to the polls via text message H

Important note: A record of the poll responses will be
kept for statutory records retention requirements
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http://www.pollev.com/fdotplanning

What type of organization do you represent?

Local government
M/TPO

FDOT

Private sector
Regional organization

Other
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What is your professional area of expertise?

Engineering ﬂ
Planning B 12%
Science 5%
Landscape Architecture E 4%

Other |EN 5%
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Why Resiliency?

Resiliency -- The ability of the transportation system to adapt to
changing conditions and prepare for, withstand, and recover from
disruptions.

Why? Mitigate risk, make wiser investment decisions, and provide
more reliable transportation.

Fixing America’s Surface Transportation (FAST) Act

* Resiliency/reliability; reduce stormwater impacts; reduce
vulnerability

FDOT 23 Code of Federal Regulations (CFR) Part 667
* Evaluate options for facilities that have been
repaired/reconstructed 2+ times due to emergency events




FDOT Resiliency Initiatives

Statewide Planning

* Florida Transportation Plan

* Transportation Asset Management Plan (TAMP)
FDOT Resiliency Policy

SIS Vulnerability Assessment

Tools, Guidance, Standards

* Guidance for MPOs

* Sea Level Scenario Sketch Planning Tool

e Case Studies/Adaptation Planning

Research

Interagency Coordination/Collaboration

Projects

FDOT)

RESILIENCE QUICK GUIDE:

INCORPORATING RESILIENCE IN THE MPO
LONG RANGE TRANSPORTATION PLAN

JANUARY 2020
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Florida Transportation Plan

TRANSPORTATION
SOLUTIONS THAT
ENHANCE FLORIDA'S
ENVIRONMENT

TRANSPORTATION
SYSTEMS THAT
ENHANCE

________ FLORIDA'S
-0 W COMMUNITIES

FLORIDA

({
\
Transportation Plan @
VISION ELEMENT/YD: TRANSPORTATION

SOLUTIONS THAT
STRENGTHEN
FLORIDA'S ECONOMY

Published
MAY 2020

www.floridatransportationplan.com

SAFETY AND SECURITY FOR
RESIDENTS, VISITORS, AND BUSINESSES

AGILE, RESILIENT,
AND QUALITY

TRANSPORTATION
INFRASTRUCTURE

CONNECTED,
EFFICIENT, AND
RELIABLE MOBILITY
FOR PEOPLE

AND FREIGHT

TRANSPORTATION
CHOICES THAT
IMPROVE ACCESSIBILITY
AND EQUITY
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Exposure and Potential Road Closure Detour
Traffic (Highway Corridors) - Statewide

Storm Surge Depth
Inundation (Category 5)

| B
- Low
100-Year (1%) Flood Hazard Areas

Exposure Tier (Flooding + Storm Surge +
Detour Impact)

Tier 1 (Highest Potential Exposure Impacting
High Traffic Segments)

Tier 2
e Tier 3
—— SIS Facilities
Out of State Highways
Urban Areas
; District Boundaries

Neighboring States

For Planning Purposes Only

B 8 FDOTY

Goals &
Objectives

P EH G G
Action Plan

Develop
Adaptation
Strategies

April 2018

Data Source: Florida Department of Transportation, Florida Division of Emergency Management, Federal Emergency Management Agency

Asset Data
Climate
Data

Vulnerability
& Risk
Assessment
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Research

FDOT — Completed/Ongoing

* Development of a Methodology for the Assessment of
Sea Level Rise Impacts on Florida's Transportation
Modes and Infrastructure

e Development of GIS-Based Tool for Assessment of SLR
Impacts

e Risk in Transportation Planning & Implications for
Planning and Project Implementation

* Transportation Resilience and Vulnerable Populations

» Resilience Index for Transportation System

NCHRP Projects
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Upcoming FDOT Projects

Research

* Incorporation of Climatic and Hydrologic Nonstationarity
into FDOT Planning and Design Guidelines & Processes

* Florida Sea Level Scenario Sketch Tool Updates &
Enhancement

Study

* Integrating Resiliency in the Transportation Planning
Process: A Baseline Assessment of Florida’s MPQOs




Sharing Our Ideas

Web

Poll Everywhere — multiple ways to access the polls:

 Visit www.PollEv.com/fdotplanning from your phone,
tablet, or laptop to access the polling questions

Text

 Text “FDOTplanning” to 22333 to join the poll and
respond to the polls via text message H

Important note: A record of the poll responses will be
kept for statutory records retention requirements

FDOT)
TRANSPORTATION

SYMPOSIUM



http://www.pollev.com/fdotplanning

What methods does your organization use to address climate change
including sea levelrise?

Conducted or plan to conduct a
Vulnerability Assessment or Climate Study

Created or adopted a Climate Action Plan

Adopted policies to address SLR/climate
change

Hired a climate or resiliency specialist to
work in-house

Hired a consultant to work on climate
issues

Other

{

SYMPOSI




SYIVI POSIUM

TOWARD A RESILIENT
TRANSPORTATION SYSTEM

Crystal Goodison,
Associate Director + Associate Scholar, UF GeoPlan Center




UNIVERSITY OF FLORIDA
GEOPLAN CENTER

The GeoPlan Center is a geospatial research and
teaching facility, in the UF School of Landscape
Architecture & Planning.

We support land use, transportation, and
environmental planning in the State through the
following activities:

Standardize, enhance, and distribute geospatial
data

Design and maintain enterprise mapping systems
and tools for visualization, analysis, and decision
support

Turn data into information
Training and education

Efficient Transportation Decision Making

FLOR |u|:?i\_
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OUTLINE OF PRESENTATION

History of UF GeoPlan resiliency work with FDOT

Sea Level Scenario Sketch Planning Tool
Current Features

Updates coming

Upcoming Work:
Assessing MPO Data Needs for Transportation Resiliency

Research Project — Framework for Project Level Analysis

18



WHERE WE'VE BEEN

)
. . 2016-17: 2017 2019-20
Initial Skgtch FHWA Pilots, NOAA 20I2 Training NOAA 20I7
Tool Build. projections, projections,
usace 203 [ Dasle Ty g vorkshors [ aa update
o Feedback W map around State Jpeate,
Projections Viewer training

v
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SEA LEVEL SCENARIO SKETCH PLANNING TOOL

Geospatial tools and data to assess

== Map Viewer: Visualize
potential impacts of current and future

areas of inundation

flooding on the transportation system and affected
: infrastructure
Planning-level analyses shows where and
when sea level rise is projected to occur in GIS Data Layers: SLR
Florida under various SLR scenarios Inundation Surfaces
: : & Affected
Data available statewide, but use local SLR Infrastructure layers
projections

SLR Calculator:
Create custom
inundation layers

Publicly accessible tool & data:
sls.geoplan.ufl.edu

20



DATA AVAILABLE
IN THE

MAP VIEWER

35 coastal counties mapped

5 Sea Level Rise Projections
Four time periods: 2040, 2060, 2080, 2100

Segment-level analysis of current & future flood
risk:

Future flood risk: from 20 SLR scenarios

Current flood risk: 100-year & 500-year
floodplains, storm surge zones

Base transportation data used:

Focus on State owned facilities (RCl on and off
system)

21



SLR PROJECTIONS MAPPED

. . . NOAA et al. 2017 Relative Sea Level Change Scenarios for : KEY WEST
Current SLR projections in _
—8— NOAAZ01T Extreme
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Coming:
NOAA 20 ] 7: Year
* Upper curve ~ 10ft T

(3m) by 2] OO 2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100

Year
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MAPPING INPUTS

1. USACE Sea Level
Change Calculator (calculates
USACE & NOAA SLR

Projections)

2. NOAA Sea Level Trends

3. NOAA Tidal Grids (regional MHHW
conditions)

4. High resolution elevation data

Consider regional Unified SLR Projections
when choosing inputs

Sea Level Trends

East Coast =~ WestCoast ~ Gulf Coast  Alaska  Hawaii  Global View in Google Earth

o)
Jackson
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|
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5 X541

Leaflet | Esri, HERE, Garmin, FAO, NOAA, USGS, EPA, NPS

The map above illustrates regional trends in sea level, with arrows representing the direction and magnitude of change. Click on
an arrow to access additional information about that station.

Sea Level Trends
mm/yr (feet/century)

W 15t021(5t07) [ 6t09(2to3) MM 3to0(-1to 0) M -12t0 9(-4t0-3)
B 12t015(4t05) []3t06(1t02) [ 6to-3(2to-1) M -15t0-12(-5t0-4)
B 9t012(3to4) [ 0to3(0to1) M 9to-6(3t02) M -18t0-15(-6t0-5)
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http://corpsmapu.usace.army.mil/rccinfo/slc/slcc_calc.html

UFGESPLAN CENTER Florida Sea Level Scenario Sketch Planning Tool

M A P ~ Scenario Selector ~ Jump to: { COUNTY | » BAY = 23 Basemaps -

i

Agency

V I EW E R USACE NOAA
Projection Curve(NOAA)
Low | IntLow | IntHigh | High j 2 Mo Forest
F E AT U R ES Time Period X fv ¥ £

2080 >

== oS

Select a scenario ' 3 R

~ Layers

SLR 2030 NOAA High (C5)
™ Vrnw (45-438 fug o
[ Affected Transportation

(W RSLR by County (2080 {

(W SLR Depth Inches (208

(# (O Current Flood Risk Homosass
() (& Florida Base Layers =0
~ Legend

Florida Base Layers
Coastal Areas Mapped

SLR 2080 NOAA High, MHHW ¢g5-okoland
Affected Transportation
Roads (2080 C5)
< 18%
10% - 24%
25% - 49%
— 50% - 100% v 12311162 27°33'42561" N

60km
30mi




EXPLORE THE DATA

UFGESPLAN CENTER Florida Sea Level Scenario Sketch Planning Tool
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v Scenario Selector

OO0 X

H oy

USACE | NOAA
Projection Curve(NOAA)
Low Int Low Int High High

Time Period

2080 =

v Layers

SLR 2080 NOAA High (C5)
B 8 MHHW (4.5 - 4.8 ft)
(3@ Affected Transportation
(¥ RSLR by County (2080 C5)
(@ SLR Depth Inches (2080 C5)
(3 Current Flood Risk

(@ Florida Base Layers

v Legend

Florida Base Layers
Coastal Areas Mapped

O

v

1:144,448 30°22'52.629" N 87°04'13.207" W

My (2 of 4)
Roads (2080 C5)

Name

Functional Class

Feet Affected (2080 C5 Mhhw)
% Affected (2080 C5 Mhhw)
Begin Mile Pt

End Mile Pt

Length Of Segment (feet)
Type

Evacuation Route

County

Avg Daily Traffic - Min

Avg Daily Traffic - Max

Min Lanes

Zoom to

FT PICKENS RD
RURAL: LOCAL
32526

56

0

11.09
58506.111731
RCI OFF

YES
ESCAMBIA
7300

24000

Pensacola




EXPLORE & EXPORT ATTRIBUTE TABLE

UFGE<SPLAN CENTER Florida Sea Level Scenario Sketch Planning Tool

al el g Y
Jump to: | COUNTY | ~ , ESCAMBIA
J’ X g “ras

= o
Agency i Q W{“:{ = _‘f? “1‘ ﬂ?}!
—-* X > { p Go &
USACE NOAA ’ ) Course

Pansacola

Projection Curve(NOAA) Ngu‘al Air
tation

~ Scenario Selector (ad

Low  IntLow @ IntHigh High

Time Period

2080 =

1:144,448 30°23'03.488" N 87°08'31.988" W

Roads (2080 C5) [x]
@ Zoom~v © Clear~ C Refresh Table

v Layers

5 (& SLR 2080 NOAA High (C5) -0 '
MHHW (4.5-4.8 ft) - NAME Functional Class Feet Affected (2 % Affected (208 Begin Mile Pt End Mile Pt Length of Segn TYPE Ev (+)

>+ Affected Transportation
O SIS Highways (2080 C5) VIA DE LUNA DR URBAN: MAJOR CO__ 16,332 m 0.000 17,871 680 | RCl OFF m

& (£ Roads (2080 C5) FT PICKENS RD RURAL: LOCAL 32,526 0.000 11.090 58,506.112 RCI OFF

< 10%
10% 0240/ BAY ST URBAN: LOCAL 4637 50 0.000 1.755 9,200.008 RCI OFF NC
/0 - /0

25% - 49% VIADE LUNADR RURAL: MAJOR CO... 8,274 15 0.000 10.274 54,157.604 RCI OFF NC
— 50% - 100% ORIOLE BEACH RD URBAN: LOCAL 575 14 0.000 0.763 4,053.071 RCI OFF NC

+ SIS Rails (2080 C5
8 SIS F:Lisht(ies (2080)05) CORONADO DR URBAN: LOCAL 149 7 0.000 0.457 2,244 339 RCI OFF NC

(¥ RSLR by County (2080 C5) INNERARITY POINT ... URBAN: MAJOR CO... 1,286 0.000 9732 51,119.324 RCI OFF NC
(@ SLR Depth Inches (2080 C5)
W SUNSET AVE URBAN: LOCAL 90 0.000 1.220 6,470.771 RCI OFF NC

(3 Current Flood Risk s
PERNINN KEV ND 1IDRAN- DRINCIDAI n nnn 12 ang Q@ 722 9244 B NN VE
(@ Florida Base Layers 4 »

1 -9 of 9 results




COMPARE SCENARIOS WITH SWIPE TOOL

h Planning Tool

v Scenario Selector : ;
== Basemaps v

Agency
USACE | NOAA
Projection Curve(USACE)
Low @ Intermediate High

Time Period

2100 hd

v Layers

SLR 2040 USACE Low and
(3 (@ NOAA Low (C1) MHHW (0.3 -
0.4 ft)
(O Affected Transportation
(@ RSLR by County (2040 C1)
(& SLR Depth Inches (2040 C1)

SLR 2100 USACE High (C4
SICavm" (5-53f) -
(O Affected Transportation
(@ RSLR by County (2100 C4)
(& SLR Depth Inches (2100 C4)

(O Current Flood Risk
(¥ Florida Base Layers v

27



GET THE DATA.

File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help
UFGESPLAN CENTER FloridaSealc " [, ; e T T AR ey e

, R A2k K- O R @ L 3 XloolsPro | & | By~

v Scenario Selector . Jump to: | Tablef Contents 2 x =
08 3

Agency = &7 SLR 2080 NOAA High (C5) MHHW (4.5 - 4.8 ft)

i ve | In [# [ Affected Transportation
USACE | NOAA o = B RSLR by County (2080 C5)

Projection Curve(NOAA) Wove Down BTN SLR Depth Inches (2080 C5)

Value

Low | IntLow | IntHigh | High Turn On All Sublayers l High: 92

Time Period

2080 2

Turn Off All Sublayers “Low: 0

Transparency

Show Scenario L ayer Swipe

Service Metadata

v Layers Download

() (& SLR 2080 NOAA High (C5) —  Remove Layer
MHHW (4.5 - 4.8 ft)

(O Affected Transportation
(& RSLR by County (2080 C5) - n:‘“ (
(¥ SLR Depth Inches (2080 C5) GoSora

Naval Air

(O Current Flood Risk pLeLens
(@ Florida Base Layers

7
R Q Results |;1rcT00|bux |Tab|e0f... nCatalcg ae|an ¢

2mi
Florida Base Layers

(.nastal Areas Manned

v | | 1:144,448 30°23'16.629" N 87°14'34.777T" W A




WHAT'S COMING: THIS FALL

~
|~ = = 2]
NOAA UPDATED LOCAL TRAINING
2017 BASE DATA' ROADWAYS WEBINAR
Our website: Crystal Goodison,

sls.geoplan.ufl.edu cgoody@ufl.edu
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WHERE WE'RE GOING

~
2011-13 2013-15 2016-17 019-20 AL

Initial Al orl ok  V 2017: 2019-20: Survey of 2021 - 22
Sen e FHWA NOAA 201 Training {8 NOAA 201 MPO Framework

Build Pilots, Data projections, workshops projections, RES!|I§!1(y for project
USACE 2b13 scale, new map around more Activities level
Proiecti Feedback viewer State training and Data analyses
rojections Nonds

/)
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UPCOMING RESEARCH (2020 - 22)

2020-21: State of the Practice & Data Needs for MPO
Resiliency

Identify data
needs

Deep dive into resiliency activities in FL, obstacles, and data
needs for implementing resiliency into the planning process

2021 -22: Building Geospatial Framework to Move from
Planning to Project Scale

Partnerships to
build data
products

Expanding beyond SLR to incorporate other data
sources/climate. For ex: precipitation, inland flooding, etc.

Looking for partners to help us develop data and determine
interoperability

Facilitate
analysis and
display through
online system

Building online tool and geoprocessing framework to
facilitate on-demand analysis of specific transportation
projects and more comprehensive consideration of future
conditions

31



32



What are the challenges in applying resiliency principles in project
designs?

“Awareness” “Funding” “lack of a consistent method in applying risk mitigation costs” “Unknowns” “Paying now for later” “Project scope requirements & funding limitations™ “Identifying countermeasures” “Budget”
“questionable data”™ “Existing policies, current government approach is not set up to accommodate” “4$58” “funding” “Money” “Politics” “Cost” “how to design for the UNKNOWN ” “Money.” “Value added”
“Cost and resistance” “Changing Directions” “Infrastructure planning is not set up to look at long-term; too focused on near-term, especially infrastructure in coastal areas” “Funding” “Money budget” “policy” “Collaboration”
“POLITICS AFFECTING GUIDANCE™ “we can do it, but others may not, so what is the point” “Funding and politics” “Funding” “cost-effective solutions” “being able to predict the future” “Insurance” “Politics and money”

“low buildings” “Balancing cost vs. benefit” “Concurrence” “Cost” “Uncertainty” “Reality” “Money” “Funding - Cost” “Lack of standards” “Ever changing conditions”™ “PD&E studies used old information”
“Money” “There aren't really design standards related to resiliency.” “Agreement on SLR Scenarios by Government Agency Stakeholders”™ “Elevating roadways and treatment facilities along side existing development/topography due to increased tailwater.”
“designing for unknown” “Budget” “Getting agency direction on how to address.” “The design time frame longer than 20/30 years may not be realistic. Advances in technology and real time conditions may change the scenario.” “Buyin” “future”
“forecasting parameters may change drastically” “Unclear targets” “Funding” “Politics.” “Funding” “Uncertainty” “Understanding of priority” “money” = Justifying the Cost” “Funding & politics”

“Funding, sufficient data to make decisions on a project level. There is no universal definition of resiliency.” “Subsurface infrastructure maintenance” “Policy” “roadway specs” “Budgeting these requirements” “Funding” “Money”
“technology changes in future” “No standards for design” “Point of diminishing returns” “Accepting change by public” “Funding!!!! These are expensive projects.” “D” “feasible design criteria” “Drainage challenges”
“Politics” “Funding” “Public perception” “FDOTPLANNING” “Geometric constraints”™ “guidance and cost.” “Politics” “Funding” “Cost. lack of Consistency or Policy” “Politics” “Funding”

“Amount of existing R/W or the need to pay for additional R/W to allow for a resilient TF.” “modeling inaccuracies” “Public perception” “funding” “Data” “Budget constraints” “Unknowns”

“knowledge”

“Lack of projects demonstrating success” “Impacts to adjacent land uses” “Money”

“Green infrastructure designs that are seen as more resilient are more maintenance intensive. There is a lack of long-term maintenance data.”
“Current land use.” “New poll” “Scope” “Money” “being flexible, learning to address uncertainty”

“iustification for return on investment. making a case.” “Funding” “funding”

FDOT)
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Outline

»Changing environment: Need a new paradigm for infrastructure

design (coastal and interior regions)
»Rising Sea Levels
»Changing Rainfall Extremes

»Dealing with Uncertainty: Dynamic Adaptive Pathways in

Project Implementation

Sea Level
Solutions Center
FLORIDA INTERNATIONAL UNIVERSITY



Drivers of Change: Sea Level Rise and
Increases in Riverine Flooding

Sea Level Rise Trends Peak Flow Trends

Sea Level Trends
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Impacts of Changing Climate and Rising Sea Levels
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Heat waves
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Non-uniform water table increase:
modeling results (Miami Dade)

Difference in wet season soil sto
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Hydrologic Design: Moving from
Stationarity to Nonstationarity

TYPE STORM DRAIN FREQUENCY
General design 3-year
_ _ ‘ * General design work that involves replacement of a
Historical roadside ditch with a pipe system by extending side
Observations drain pipes 10-year

» General design on work to Interstate Facilities

e Quftfalls 25-year

» Interstate Facilities for which roadway runoff would have
no outlet other than a storm drain system, such asin a
sag inlet or cut section 50-year

» Qutlets of systems requiring pumping stations

FI1U

Sea Level
Solutions Center
FLORIDA INTERNATIONAL UNIVERSITY




Relevant FDOT Literature

FDOT Drainage Manual dated January 2020
FDOT Drainage Design Guide dated January 2020

Regional guidance documents developed by regional district, if
applicable

FHWA Hydraulic Engineering Circular No. 17, 2" Edition

FHWA Hydraulic Engineering Circular No. 25, Second Edition or any
updates

2Dg(s)l3 n Storm Surge Hydrographs For the Florida Coast (September

NOAA ATLAS 14 Point Precipitation Frequency Estimates
NOAA Sea Level Trends at Tide Gages around Florida
NOAA Regional Sea Level Projections

Regional Sea Level Projections published by various organizations
such as the SE Florida Climate Compact in Florida and the Tampa Bay
region.

“..sea level rise coupled
with storm surges can
Inundate coastal roads
that would not have
Inundated in the past,
necessitate more
emergency evacuations,
and require costly, and
sometimes recurring,
repairs to damaged
infrastructure. Inland
flooding from unusually
heavy downpours can
disrupt traffic, damage
culverts, and reduce
service life. High heat can
degrade materials,
resulting in shorter
replacement cycles and
higher maintenance
costs.” (HEC-17)
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Causes & Detection of Nonstationarity

aUSGS
USGS 02263800 SHINGLE CREEK AT AIRPORT NEAR KISSIMMEE, FL
3588
O
'§ 3oag p| )
- Natural Variability or a
3 2000 Systematic Trend?
.;E 2088 o
. g 1500 oo
Anthropogenic Land use changes 8 5 oloo
. x ° o o
(Human-Induced) |Climate Change g N °o o 5 ° 7 oo
2 °o 7o 0% o o %o Oo ™
Factors Development of water : . o Pgo ©o 5%, %8 %o
- fale) O
resources projects 6 ° °
1964 1978 1976 1982 1988 1994 2088 2886 2812 2013

Statistical Methods: Parametric & Nonparametric

US Army Corps of Engineers:

Nonstationarity Detection Tool (NSD) — PROD
http://corpsmapu.usace.army.mil/cm_apex/f?p=257:1:0
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http://corpsmapu.usace.army.mil/cm_apex/f?p=257:1:0

Sources of Global and Regional Sea
Level Change

Global Sea-Level Change Thermal Expansion

What causes sea level to change?

Land-Based

Ice Melting
Thermal Expansion As glaciers,

As water warms, Greenland and
Land Water Storage | it expands Antarctica Ice
Changes in runoff dlC e gl § Sheets melt, they
and storage of N & add mass
surface and ground
water affect Storage
sea levels

Regional Sea Level
Factors that Affect Regional

and Local Sea Level

VLM Effects

Vertical Land Movement Dynamical Sea Level Ice Melt Effects

subsidence, tectonic land surface and deep gravitational and other

movement, water and ocean circulation changes due to redistribution

resource extraction, and changes of land-based ice mass
glacial isostatic

adjustment

Sea Level
Solutions Center

FLORIDA INTERNATIONAL UNIVERSITY




Planning for Sea Level Rise

NOAA Technical Repert NOS CO-OPS 083

GLOBAL AND REGIONAL SEA
LEVEL RISE SCENARIOS FOR THE
UNITED STATES

Silver Spring, Maryland
January 2017
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National Ocean Service
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Sea Level
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Relative Sea Level Rise near Key West, FL
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Return Period under Stationarity

® No-Flood/Flood occurrence

N Geometric
Distribution:

2 . i P i E i E i ;p Return Period:
=3 e e R L___. Design T=1/p

+ i +. i i flood

q 9 As ow et If T=100 yr then
q=1-p i i i i i e'\:ent hasf, 1/%

1 2 3 X-1 x time (years) chance o

exceedance

Probability 1-p 1-p 1-p .. p

NF = No flood event exceeding z;, F = Flood event exceeding z,
Sea Level
F I . Solutions C
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Nonstationarity: Extreme Floods

2000 3000

500 1000

0

Sea Level

FI1U
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Nonstationarity: Sea Level Rise

Design, z,-

Key West
§ - = Annual Mean ®
N ®  Annual Maximum
] Trend-Mean
[ e Trend-Location Parameter
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Why Designs under Stationary
assumption may fail?

Shingle
N
o ; I
Key West © - «100 SLR Curve:USACE Int <
- H . o
= : o — Return Period
© - «100 SLR Curve:USACE Int - - —— Probability
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Future Year
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New Paradigm: Return Period and Risk under
Nonstationarity

»Return Period is defined as the “expected time for the first
exceedance” (expected waiting time)

o X Methods under stationarity
r=ex]=1+) | [a-po T =1/p
x=1t=1
> Risk
n
R=1-||a-p) R=1-1-p)r
=1



Example: Key West

Key West
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Hydrologic Design considering Nonstationarity

JExpected Waiting Time —

s | | i Return Period (EWT)
g 1 Increasing exceedance I .. . .
| probabilties i v'Waiting time for the first
2 8| | Foodevents ! execeedance
g " I LU
g (it b , JExpected Number of
-2 R A S Events (ENE)
Tg e Nt T v'Tolerance for frequency of
Ry, : flooding
= .:. - ® %%Prajectllfe,n%} . .
| ——— " dDesign Life Level (DLL)
1950 2000 2050 2100 2150

v'Design for a specified risk
(say, 5%)

Revisiting the Concepts of Return Period and Risk
for Nonstationary Hydrologic Extreme Events

Jose D. Salas, M.ASCE"; and Jayantha Obeysekera, M.ASCE? 50



Rainfall Flooding and Heat Stress

10“1 2014 Historic Palm Beach Flooding January 9-10 2014
s, SFWMD &n: :.mdau

Killer Heat in the
United States
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Climate Projection Uncertainties
‘ Downscaling J‘Scenarios (2081-2100) ‘
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Spatial Trends in Florida (Temperature)

CMIP5 RCP85 - [2025-2055 versus 1970-2000]
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NOAA Atlas 14 Volume 9

-‘ a .-. .\. PDS-based depth-duration-frequency (DDF) curves
atitude: 25. ®, Longitude: -80. ®
- 0] \ et Latitude: 25.7906°, Longitude: -80.3164
< H ume
BB ) . .. “Palm Bay 60
! ! ! T ! ! ! ! ! ! T T ! ! T !
rtF/’etersburq ’ Lo : : o : : : . Co Lo A
. . . . . . . . . . . . . . . . werage recurmrence
g g mE 08 50 Lot rtenal
. fort StLucie : (vears)
o] = ; —_
= 40 2
- West Palm a :
h & : — 5
5 30 : — 10
oca Raton = — 25
ompano Beacl = : : / — 50
5 0T : R — 100
a o] o — - d — 200
10f : e
: = g e : — 1000
a 0 _ [ | I | L1 L L1
= s = = = [ —.— b= = = o ol )
= = = = = L L = L L
- e £E § f fF E L %L FEEEE FEES
T T T = TR N e - ===
- = ] o R — o~ M=o
Duration

Sea Level

FI“ Solutions Center

FLORIDA INTERNATIONAL UNIVERSITY




HEC-17 Approach: Climate Change
Indicator

Historical ] fFuture If CCI < 0.4, historical data
e likely sufficient
: If CCI > 0.8 further analysis
55 of projected conditions may
T be warranted.
24-hour Pr.e;cipitation




Extreme rainfall: Is there any skill?

Determination of Future
Intensity-Duration-Frequency Curves
for Level of Service Planning Projects

Extreme Rainfall Analysis in Climate Model Outputs to Determine
Temporal Changes in Intensity-Duration-Frequency Curves

Official ATLAS 14 IDF at Station 08-0478

s 1015 30 6 120

360 T 1440 2830 5760 1400 43200

Precipitation intensity (inchesfhour)

10g(D) (mins)

Sea Level
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« BCCA bias corrected
downscaling method
used by US Bureau of
Reclamation: mute out
the extremes

* Much lower and less
variable extremes in the
downscaled models
compared to the
observational dataset

* Bias is larger than delta

NOAA Atlas 14 weather stations
and closest UBR BCSD5/BCCA grid cell centers

Arrgws ok FL Keys stations (sbminated from analysis) 1o 2 active rd cel

< Atlas 14
* UBR

NOAA Atlas 14

Precipitation-Frequency Atlas
of the United States

Volume 9 Version 2.0: Southeastern States
(Alabama, Arkansas, Florida, Georgia,
Louisiana, Mississippi)
T T T T
-88 -86 -84 -82 -80

Fn—!l

Lon

24-hr_25-year

24-hr_50-year

24-hr_100-
year

-5 (-62.3%)

-5.86 (-63.3%)

-6.82 (-64.2%)

-4.94 (-61.4%)

-5.76 (-62.1%)

-6.71 (-62.9%)

-4.67 (-58.1%)

-5.45 (-58.7%)

-6.34 (-59.2%)

-4.53 (-56.3%)

-5.24 (-56.3%)

-6.01 (-55.8%)

Perc | 24-hr_2-year 24-hr_5-year | 24-hr_10-year
5% -2.35(-57.4%) | -3.28 (-59.6%) | -3.99 (-60.8%)
10% -2.33 (-57%) -3.25(-59%) | -3.96 (-60.4%)
50% | -2.25(-54.9%) -3.1(-56.3%) | -3.76 (-57.3%)
90% | -2.19(-53.5%) | -3.05(-55.3%) | -3.66(-55.9%)
95% | -2.16(-52.9%) | -3.03 (-54.7%) | -3.64(-55.3%)

-4.43 (-54.7%)

-5.11 (-54.5%)

-5.84 (-54.1%)




Multiplicative Quantile Delta Mapping
(probably a better method)

/ Modeled-Current

/ Modeled-Future

fm—p.adjz Xm—o * [F‘nzlp (G)/ Fo_—lc(G)]

%/ Xm—p.adj= Xm-o * |[Change Factor, CF ]
|

Xm-o Xm-p.adj Precipitation

Sea Level
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Dynamic Adaptive Policy
Pathways (DAPP)

Decisions are made over time in dynamic interaction with the
system and cannot be considered independently.

O An approach that explicitly includes decision making over time and
sequences of decisions (pathways) under uncertainty.

O Supports planners to design a dynamic adaptive plans: short-term
actions, long-term options, adaptation signals.

“Different roads leading to Rome”

Haasnoot et al. (2013) Glob. Env. Change. 10.1016/j.gloenvcha.2012.12.006

FI1U
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Dynamic Adaptive Policy
Pathways (DAPP)

1 Time horizon 100 years
Action A
Pathway Costs Benefits Co-benefits
Current 1O o+ 0
Sltuatlon 2 o +++++ 0 0
Action C 3 o +++ 0
Action D 4 O o+ 0
Changing conditions > 5 o 0 0 -
: : /\/ - - - . 6 o o —— 0 -
0 10 70 80 90 100 )
Time low-end scenario /\/ 7 o +++ 0
: : : : T > 8 + - -
Time high-endoscenario 10 70 80 20 100 9 8 o ++ + ---
Years
o Transfer station to new policy action Pathways that are not necessary in
' Adaptation Tipping Point of a policy action (Terminal) the low-end scenario

emm» Policy action effective

A Signal

0 Decision node

Sea Level
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Flood Risk Management In
Miami-Dade County : C-7 basin

Hydr0|oglc D”Vers Adaptathn OpthﬂS N MO: SLR 3 scenario
Rainfall; Storm Surge . M1:Local Flood Mitig foad  8TENGVD flood level
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Summary: Five Resilience Principles

»Adopt a system’s approach;
»Look at beyond-design events;

»Build and prepare infrastructure according to ‘remain
functioning’

»Increase recovery capacity by looking at social and financial
capital; and

»Remain resilient into the future

Resilience in practice: Five principles to enable societies to cope with
extreme weather events

Karin de Bruijn™", Joost Buurman®, Marjolein Mens®, Ruben Dahm?, Frans Klijn™*

Sea Level
Solutlons Center
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Questions?
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Contact Information

Jennifer Z. Carver, AICP Crystal Goodison Jayantha Obeysekera, Ph.D., P.E.
Statewide Community Associate Director + Associate  Director, Sea Level Solutions
Planning Coordinator Scholar, GeoPlan Center Center

Florida Department of University of Florida Research Professor, Institute of
Transportation 352.392.2351 Environment

Office of Policy Planning goody@geoplan.ufl.edu Florida International University
850.414.4820 305.919.4119
Jennifer.carver@dot.state.fl.us jobeysek@fiu.edu
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