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The Greenhouse Theory is too new to trust!

The first paper was by Fourier in …1827

Arrhenius computes the Earth’s average 
surface temperature from the CO2

concentration in …1896

New?

NO, this is 19th century physics.



So Why the Fuss?

I think it’s because of confusion about 
“Climate Sensitivity”.

I weigh myself every morning …

The argument is that if a model is not perfect, 
it’s wrong, which is wrong …



CO2 changes are natural!

Haven’t you ever heard of ice ages?

You must be ignorant or just a 
“fake” scientist …





None of this CO2 Stuff Matters

Because the air temperature changes 
don’t agree with the theory …

This assumes that there is no “noise”.
Remember my bathroom scale?





Stock Market Index





Okay, but 3 mm/yr amounts to about 1 foot 
of increase in a 100 years.

Who cares?

But it’s not just rising, it’s accelerating.

This is hard to explain to many people.



Projections of 21st-century GMSLR under RCPs

RCP8.5 
0.53–0.98 m by 2100
8-16 mm yr-1 during 2081-
2100
RCP 2.6
0.28–0.61 m by 2100

Figure 9 from IPCC Summary for Policy Makers, 2013
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“Global mean sea level will continue to rise during the 21st century. Under all RCP scenarios the rate 
of sea level rise will very likely exceed that observed during 1971–2010 due to increased ocean 
warming and increased loss of mass from glaciers and ice sheets.”



But that’s all from computer models 
and I don’t trust those.

Why can’t we see it in the data?

This is a fair, and very scientific, question.



According to the data …

This article appeared in February 2018 in the
Proceedings of the National Academy of Sciences



Well, I don’t really care about sea level 100 
years from now.

Climate change is NOT just sea level rise, and 
it’s not just 100 years from now.



Flooding events are having 
large impacts on our cities, 
and are occurring more 
frequently. They are asking 
for guidance, which presents 
a challenge to our data 
networks and systems.





Invasive species



Regional Resilience
Environmental Planning and Community Resilience Division

Broward County



Man-made problems have 
engineered solutions.

Need them to be cost-effective.





Water Supply

1994

2014

6
miles



Drainage
2017



Harrison Street looking east

Towards the Intracoastal on

October 5, 2017

Home along the street with

vehicle wake into front yard

King Tides



Future Conditions 
Map Series

*This is not 

surface flooding, 

but water table 

response 0-3% up-front cost increase;

$6 avoided damage for $1 spent



Seawalls, 
Flood 

Barriers



ACTIVE REDEVELOPMENT



Urgent needs



Regional 
Resilience 
Standards

▪4 feet NAVD by 2035

▪5 feet NAVD by 2050

No Overtopping 

in Hollywood Lakes

during King Tide 2070

Overtopping 

in Las Olas and Hollywood

with storm surge

*Seawalls raised to 4’ NAVD



Catastrophic Loss

Seawalls >4’ 

provide some 

economic loss

protection even 

from 

catastrophic 

storms

8’

6’

4’

Information was provided by the County’s Consultant, Risk Management Solutions, Inc. (RMS). In no event shall RMS (or its affiliated companies) be liable 

or direct, indirect, special, incidental or consequential damages with respect to any decisions or advice made or given as a result of the contents of the 

Information or use thereof. The full report (once complete) with the complete disclaimer statement, will be available on the County’s webpage located at 

http://www.Broward.org/NaturalResources/Pages/Default.aspx. 



Building elevations 
need to consider 
future conditions



100-Year 
Community 
Flood Map

FLOOD RISK REDUCTION AND INSURANCE SAVINGS

FEMA requirement 

when built, 1992

Broward requirement when 

built, 1992 ≈ 2014 FEMA

Developer built 1 foot above requirement, 

saving double premium today

40% of loss can be averted; insurance for remainder



Land Use Plan 
Amendment 

Process

▪ Priority Planning Area Map- 2’ sea level rise

▪ Density change triggers review

▪ If vulnerable, must meet resilience criteria

▪ County, city, developer coordination

Priority Planning 

Area Map

Losing 10% of GDP to climate; 

opportunity is in redevelopment



RCAP2.org



▪Policy Collaboration

▪Regional Planning Baselines

▪Unified Sea Level Rise Projection

▪ Inundation maps

▪GHG Emissions Baseline

▪Regional Climate Action Plan

▪Leadership Summits

4 Counties, 109 Cities



Regional 
Climate Action 

Plan
2.0

RCAP2.org



2 feet by 2060



MONROE COUNTYDo Not Use without Permission



Miami Beach

Do Not Use without Permission



Asset Resilience
Hardening Design Guidelines

▪ Facility flood control costs developed for 

critical facilities above design flood elevation

▪ Example for Central District WWTP

▪ Existing Facility @16 NGVD

▪ New Facility a@ 20.3 NGVD

▪ Includes

▪ Free Board of 2 feet (ASCE)

▪ Safety Factor of 1 foot (based on mean high 

water)

▪ Sea Level Rise of 4 feet (USACE High in 2075)

Miami Dade County



Palm Beach County

▪ Shoreline Protection and Living Shorelines

▪ Microregional Collaboration- Southeast 

Palm Beach County

▪ Chamber Engaged on Economic Resilience

Visitflorida.com

Lakeexpo.com



Moving forward



Filling Data 
Gaps Regional 

Monitoring 
Network

NOAA PORTS
County and City gauges



Regional Energy 
Resilience

▪ Utility  and Property Scale Solar

▪ Emergency Backup

▪ Electric Vehicle Charging Networks

▪ Emissions Reduction

▪ ~8 tons/ person annually (SE FL)

▪ Under 2 MOU (→1.5 tons per person)

▪ Facing more than 2 feet of sea level rise 

(IPCC, 2018)

▪ Need 2x $$ for energy efficiency by 2040



Regional 
Economic 
Resilience

• Consistent informative, proactive 
messaging 

• Aligned advocacy for investment

• Broaden participation

• Impact Studies

• Quantify benefits of adaptation

• Reduce climate risk across sectors

• Reduce shocks to insurance premiums 

• Sustain financial and real estate markets



Flood Control

▪USACE South Atlantic Division 

Resiliency Study

▪SFWMD- Deltares Study of C-7 

Basin, Miami 

▪Need Central and Southern Florida 

Flood Control Update

▪Need appropriations



Larger, multi-purpose 

dunes

Interconnected water 

storage

Tidal water 

storage

Reconnect 

hydrology

Restore low-lying areas

New living shorelines

Elevat

e

Resilient 
Redevelopment



theinvadingsea.com

RCAP2.org

2018 Summit in 
Miami Beach

October 24-25, 2018
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One of Today’s Panelists

Paul Tschirky, Ph.D., P.Eng., D.CE
Senior Principal
Geosyntec Consultants
Baton Rouge, LA

Coastal Engineering
Resilient and Adaptive Planning and Design

ptschirky@geosyntec.com

(225) 325-3213
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Sea Level Rise and
Coastal Resiliency

Dr. Paul Tschirky

October 23, 2019
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Outline

• Sea Level Rise in Context of other Coastal and 
Climate Change Risks

• Coastal Resiliency for Sea Level Rise
– Definition
– Approaches

• Some Examples 
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Coastal and Climate Change Risk

“Two of the greatest challenges facing the nation are 
recognizing the magnitude of risk posed by flooding and 
motivating the public and decision-makers to make the 
investments and difficult policy decisions required to 
reduce flood risk."

D+

• 16 weather and climate events
• 362 deaths 
• $306 billion in damages
• Hurricane Irma >$6 billion 

property damage in Florida

2017
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Source: U.S. Census Bureau, Decennial Census of Population and Housing: 1960 to 2000; Population Estimates Program: 2008.

Risk - Growing Coastal Populations
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Coastal and Climate Change Risks

Global Climate Change

Rainfall (changes in intensity and distribution)

Storm Surge and Waves

Growth in coastal population

Sea-Level Rise

Hurricanes and Tropical Storms 
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Rising Seas
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Estimates of Future Sea Levels

• Science of sea level rise is continuously 
evolving

• Many forecasts available
• Future projections are highly variable
• Based upon models, assumptions, vigorous 

debate

• BUT no doubt sea 
level is rising.

7 feet

1 foot

2.5”
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Sea Level Rise 

• Sea Level Rise is the base on which other coastal 
hazards will be magnified

Waves

Surge
Sea LevelGroundwater 
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Sea Level Rise 

• Sea Level Rise is the base on which other coastal 
hazards will be magnified

Waves

Surge

Sea LevelGroundwater 
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What are the effects of sea level rise?

• Storm water/municipal drainage no longer works 
during high tide

• Increasing frequency of flood events
• Inundated roads (nuisance flooding)
• Salt-water intrusion

– Rivers and aquifers becoming more saline
– Re-location of municipal drinking wells

• Coastal flooding and erosion
• Plant, tree, and habitat mortality (mangrove retreat, 

coral reef degradation, etc.) 
• Lowland fields no longer suitable for agriculture
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Sea Level Rise Estimates

With 1.5 m sea level 
rise
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Sea Level Rise Estimates

With 1.5 m sea level 
rise
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Sea Level Rise Estimates

With 1.5 m sea level 
rise
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Assessing Risk
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Assessment Strategy

Flood 
Projection

• Define SLR Projection Curves using technical references
• Identify local tide gauging stations/data 
• Adjust SLR projections to reflect local conditions

Vulnerability 
Assessment

• Identify Climate factors that may contribute to flooding
• Identify nature, frequency, and magnitude of flood impacts
• Identify vulnerable elements

Adaptive 
Management

• Identify baseline mitigation
• Develop Operation, Maintenance, and Monitoring Plan
• Update and refine Flood projections and vulnerabilities
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Extreme Flood Components

With 1.5 m sea level 
rise

• Rising sea level (foundation for all other flood 
components)

• Exceptionally High Tides – “King tides” (typically 
occur 2x/year)

• Storm surge (occurs with every major storm)
• Major precipitation events (Hurricanes, Tropical 

Storms, 25/50/100-year storm events)
• Rising Groundwater
• Other factors 
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Resiliency and Adaptation

18

Resiliency
the ability of a natural or built 
system to recover from an 
extreme load or event

Adaptation
adjustment in response to changes 
in the factors that impact the 
functionality of a natural or built 
system

Disturbance
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Key Components of Resiliency

RESILIENCY

• Prepare for unknown 
(plan and evaluate 
projects for events 
outside likely scenario)

• Design for adaptability
• System response

TRADITIONAL 
ENGINEERING WORKS 

• Usually designed to 
withstand events with a 
given probability of 
occurrence at the time 
of their construction 

• Accept failure under 
more severe conditions
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Where to Improve Resiliency

Public assets and infrastructure at risk from coastal flooding

Florida’s generally low lying topography increases coastal vulnerability

Need for resilient and adaptive planning and design

Water /
Wastewater

Transportation Public 
Facilities

UtilitiesIndustrial 
Facilities

HospitalsPolice and Fire Government 
Infrastructure

Schools Beaches
Tourism
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Multidisciplinary
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~ FIGURE: North Atlantic Coast Comprehensive Study (USACE, 2015)

Multilayered

Outer Layer (Large Area) 
- Larger, engineered solutions
- Storm surge barriers, sea gates, 

Offshore structures, pump and 
levee systems

Middle Layer (Regional) 
- “Transition” zone
- Floodwalls, marshes, levees

(multifunctional) , beaches

Inner Layer (Local)
- Smaller-scale solutions
- Protect critical infrastructure
- Integrating water management

and urban planning
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Coastal Resiliency and Adaptation Approaches

Retreat
move infrastructure from vulnerable areas

Accommodate 
modify designs to allow for periodic flooding

Protect
design defenses to reduce flooding

Desmond Brown, IPS

Photo: Viorel Florescu/NorthJersey.com
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Adaptive Design Example

Example: Adaptive Design and Planning of New Hotel 
Construction

• Elevate main floor
• Below main floor is all low value assets
• Electrical servicing, backup, and vital assets on upper 

levels
• Consider future water elevation in design of gravity 

drainage (storm water and sewage)
• Structural elements consider future surge and wave 

loading
• Anticipate possible future flood protection structures 

and facilities by allowing space around main structure
• Monitor sea level and establish trigger elevation for 

adaptive action

Accommodate

Protect

Adapt
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Resiliency and Adaptive Planning and Design

• Data collection
• Field measurements

Baseline Conditions
• Storm surge modeling
• Sea level rise estimates
• Flood modeling

Define Hazards

• Probability
• Vulnerability
• Consequence / 

Criticality

Assess Vulnerability 
and Risk

• Assess a suite of 
resilient planning 
and design options –
structural and 
nonstructural

Planning and 
Design Options • Stakeholder input

• Economics
• Select a preferred 

solution(s)
• Implement

Preferred Option

• Monitor 
performance

Monitor

Adapt
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Coastal Resiliency and Adaptation Approaches
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Coastal Resiliency and Adaptation Approaches

Planning and Designing System

Technology Innovation
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Climate Change Infrastructure 
Vulnerability Assessment 

Hermosa Beach, California
• Large, coastal community affected by 

sea level rise and salinity in coastal 
areas.

• Town needed to evaluate how coastal 
shallow groundwater elevation  and 
salinity responds to projected 
increases in sea level rise in sandy, 
low-lying coastal soils and evaluated 
the vulnerability of existing sanitary 
sewer and storm drain infrastructure.

• Included:
– Climate Change Vulnerability 

Assessment 
– Groundwater Monitoring 
– Stormwater Monitoring 
– Groundwater Elevation & Salinity 

Intrusion Forecasting 
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Sea Level Rise Guidance

Martinez, California
• Golden Eagle oil refinery
• Refinery needed a closure plan for 

– 12 waste management units (WMUs)
– address sea level rise in the design
– ensure that wastes contained within 

the closed units are not released to 
human or ecological receptors as sea 
level and climate conditions change

• Study:
– Site-Specific Sea Level Rise evaluation
– Developed SLR vulnerability 

assessment guidance
– Developed adaptive management 

strategy guidance
– Coordinated aerial king tide and 

topographic surveys
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Flood Elevation Map Update for Climate 
Change Adaptation and Resiliency 

Broward County, Florida
• Coastal county in southeast Florida, 2 

million population
• Experiencing recurrent flooding and 

impacts due to sea level rise 
• County needs to update flood maps to 

inform a comprehensive plan to 
– address sea level rise impacts 
– address impacts of sea level rise on 

groundwater elevations and subsequent 
impacts to recurrent flooding

• Develop sea level rise and climate change 
projections 

• Hydrologic & Hydraulic modeling 
integrating future sea level rise, rainfall 
intensities, and land use

• Floodplain map update 
• Stakeholder engagement and public 

outreach 
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St. Augustine Coastal Resiliency Stormwater Outfall Retrofits
Goals:
• Coastal resiliency and infrastructure sustainability 

in the face of future sea level rise
• Protection of City assets and structures from high 

tide and storm impacts
• Systematic identification of critical outfalls and 

tide valve retrofit options

Tide Check Valve Program Flood Mitigation Project
• Great success has been documented where the 

valves have been installed (elimination of 
nuisance tidal flooding)

Next steps – Additional Resiliency Projects
• Master Stormwater Outfall Resiliency Retrofit 

Plan (prioritize remaining 80+ outfalls)

Coastal Resiliency Stormwater Outfall Retrofits

St. Augustine, Florida 
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Coastal and climate change risks will impact planning 
standards, design standards, building codes, insurance 
rates, property values, and municipal bond ratings. 

Implications / Responsibility

Sea level suits are the next frontier 
in climate change
litigation -

-
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What can we do faced with rising seas?

Understand and Quantify 
Coastal and Flood Hazards 
(Improve science, modeling…)

Vulnerability 
Consequence 

Risk 

Criticality 
Assess and Prioritize

Resilient Planning and Design

Adapt

Educate
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QUESTIONS ?

www.geosyntec.com/markets/resilience-and-adaptation

www.geosyntec.com
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