Contemporary
Coastal
Management &
Climate Change

Integrating Engineering Systems,
Policy, and Resilience in a
Changing World

THE SHIFT
Moving from isolated “engineering projects”
to holistic "engineering systems.”

THE CHALLENGE
Managing the critical interface of land, ocean,
and society under deep climate uncertainty.

THE GOAL

Transcending simple protection to achieve
adaptive resilience and socio-economic
integration.
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The New Paradigm: The Coastal Zone Squeeze

Key Insight

Contemporary management
is no longer just about
resisting waves with walls.

It requires balancing
environmental, economic,
and social objectives
objectives while

maintaining public safety.

Definition

The dynamic, hazard-prone
interface where land, ocean,
and estuaries meet. It is the Urban
site of maximum conflict Development
between human ambition
and physical forces.

Amplifier:
Climate

Natural Hazards
(Storms, Erosion, Surges)

Human Pressures
(Urbanization, Tourism, Ports)
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Integrated Coastal Zone Management (ICZM)

The Strategic Layer Above Physical Engineering

Adaptive Management Cycle Core Concept

ICZM

A coordinated, multi-sector process to
manage the chaos of the coast by
balancing competing demands.

Tools of the Trade

Planning:

Setback zones, Marine Spatial Planning
(MSP), and hazard maps incorporating
Sea-Level Rise (SLR) scenarios.

Regulation:

Permitting, Environmental Impact
Assessments (EIA), and building
codes based on AR6 guidance.

Takeaway: Plans must be adaptive; regulations must evolve as science and data projections change.
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The Stakeholder Landscape

Gov Gov Residents Port Expansion

/

Navigation :
VS. Fi,?he,ies The Consequence: A lawsuit

halted the entire project for over
2 years.

State
Gov

Authorities Users

Development The
vs. Protection Project

Short-term ~.

Long-term

The Error: Fisheries
stakeholders 200km away were
excluded from the defined
“impact zone.”

Industry

Tourists

NGOs Scientists

The Lesson: Defining the
stakeholder boundary is often
harder—and more critical—than
the physical design.

Advocates Experts

Environmental
Groups

Engineers
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Evolution of Decision Making

TRADITIONAL MODEL CONTEMPORARY MODEL
N
>N
TN
“Decide, Announce, Defend” “Stakeholder-Driven & Transparent”
GAMSI Inclusive, democratic, withstands legal
(Go Ahead and Mitigate Significant Impacts) scrutiny.
 Autocratic & Fast » Slower & Complex
» Small decision groups * High legitimacy
* Economic priority  Sustainable outcomes
Risk: High environmental risk; Risk: Reduced social/legal risk
secondary impacts ignored through early engagement.

“Engineers must now possess technical AND social competence.”
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The Systems Framework: PES & SES

Loading

PES (The Resistance):
(Storm/Hazard)

Structures (Walls/Levees) +
Natural Environment
(Waves/Sediment)

Critical Insight:

PES
(Physico-Environmental Subsystem) A structure cannot succeed
without SES backing. The
PES (tabletop) takes the
physical load, but the SES
SES SES SES (legs) provides the funding,

BOEIDEE. | —
Egnnumic (The Base of Support): Egunumic

_ o maintenance, and political
Subsystem) Public, Economy, Politics, Subsystem) will. If the ‘legs’ break, the

Governance, Funding system fails regardless of

the wall’s strength.
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Redefining Failure and Risk

= -u Traditional Failure System Failure
ma® mn Structural collapse @A Society cannot bear the

consequences of the physical failure.

(e.g., a wall breaks)

Old Paradigm
R; L “d b | bk 15 IR :
Ll SE l@' @r‘ H'V WL Jﬁf" lure (1 JJE-T‘:} X x_f'ngLLh cq luerce

New Paradigm

Risk = Hazard x Exposure x Vulnerability

&, Hazard Exposure Vulnerability
The event (storm, ﬁwﬂ People and assets v Susceptibility, lack of
‘ ,'. surge, SLR). :,.“ in the path. preparedness, or inability

to cope.

Equity Note: Designing only for ‘Minimum Cost’ often protects rich areas while leaving poor areas behind.
Modern frameworks emphasize “Leaving no one behind” (Sendai Framework). R



Practical Application: The Hotel Risk Scenario
Using Math to Justify Adaptation Investment

The Scenario Data The Calculation

Baseline Risk:

oono
E%ELT $Risk = 0.02 x $10,000,000 X 0.40

/f-’\%,_ $80,000 / year |

Asset Value (Exposure):  $10,000,000 Mitigated Risk (With Flood Barriers):
Mitigation reduces Vulnerability (V) to 10% (0.10)

o bility (Baseline): 0% d $Risk = 0.02 x $10,000,000 x 0.10
ulnerability (Baseline): % damage
expected (0.40) $20,000 / year T

Storm Chance (Hazard): 2% / year (0.02)

Engineering Value: We cannot change the Hazard or the Exposure (location), but

engineering can drastically reduce Vulnerability, justifying the cost of adaptation.
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Understanding Resilience: The Three Levels

Resilient PES (Physical)

Graceful Failure: Structures that
yield gradually rather than
collapse suddenly.

.......

Resilient SES (Public)

Public awareness,
preparedness, and insurance.

Case Study: New
Orleans (Katrina)

Failure of the System: The
disaster wasn't just a
broken levee. It was a
failure of all three levels:

* Reliance on historical
data (low probability
estimates).

* Neglect of subsidence.

 Development allowed in
vulnerable zones.

Lesson: A strong wall with
an unprepared publicis a
fragile system.



The Climate Context: The Great Acceleration

The Keeling Curve (CO, Rise) @i (& Global Fossil Carbon Emissions
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E Unprecedented Rate of Change: Ice core data
< a0l confirms current warming is occurring ~10-12x
faster than natural glacial cycles. Current CO»
levels are the highest in 800,000+ years.
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Source: NOAA and Scripps Institute of Oceanography. Source: Marland, G., T.A. Boden, and R. J. Andres. 2003. "Global, Regional,
and National COz Emissions.” Oak Ridge National Laboratory, U.S. Department

of Energy, Oak Ridge, Tenn., USA.
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The Ocean Engine: Thermohaline Circulation (MOC)

T

-
— y

L5

The Mechanism: A global heat conveyor driven by
density (salt + temperature). It takes 1,000 years to cycle.

The Impact of Slowdown: » Melting ice adds freshwater
- reduces density = inhibits sinking. = The "Cold Blob'":

Evidence of reduced northward heat transport.
* Paradox: Could cause regional cooling in Europe and
major rainfall shifts while the globe warms.

ANTARCTICA




Sea-Level Rise (SLR) & Deep Uncertainty

The Data

* Current Rate: ~3.4 mm/year
(Accelerating)

* Projections (2100):
* Low Emissions: ~0.28m
* High Emissions: ~1.02m

* Extreme Scenario: Up to 5m
by 2150 (Ice Sheet Collapse)

Accelerating
Trend

The Uncertainty Trumpet

\ CETE ST LB Mid-Field:
Flow & Sediments 8% [s]js]le][efe) R
Ecology

(Low Uncertainty) t

|

_———

Far-Field:
Fisheries &
Socio-Economics
(High Uncertainty)

Distance/Process Complexity

Engineering predictions are accurate for waves, but
uncertainty explodes as we move to ecology and society.

Uncertainty

V
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Protect
(Grey & Green)

Accommodate

Advance
(Land Reclamation)

Retreat
(Managed Realignment)

__"‘{:%Adaptation Strategies & Nature-Based Solutions

Spotlight: Nature-Based Solutions (NbS)

Ecosystem-based
(NbS)

« Examples: Mangroves, Reefs,
Living Shorelines.

* The Superpower: Unlike
concrete, NbS can self-repair
and accrete vertically to keep
pace with SLR.

+ Constraint: Requires space
for landward migration.
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Designing for the Future: Adaptive Pathways

Abandoning Stationarity for Dynamic Flexibility

Metro Map ® Dead End (3

Dynamic Adaptive Policy Lock-in o Dead End

Pathways (DAPP)
. -:n.l.ﬂﬁiﬂ'-l’lj.ﬂ k i..
Tipping Point 1 Tipping Point 2 Nature-Based Solutions (NbS)
Current Plan SLR > 0.5m Extreme Storm Freq.

S Accommodate & Adapt E% 1

>

/) Lock-in

L/ (Hard Defense) g:f; % 1
® Strategic Advance * 1

Present Near-Future = Mid-Future  Far-Future 2100+ .
Method: Plan for multiple futures. Implement a strategy now,

but switch tracks when a Tipping Point is reached.
Benefit: Avoids “Lock-in" to expensive, obsolete infrastructure.

Favors flexible, staged investment over “Build Big Once".




~ The Coastal Engineer of the 21st Century

g ST
THE INTEGRATOR THE COMMUNICATOR THE INNOVATOR
Synthesizing physics, | | Translating risk and deep Designing hybrid
ecology, and economics. | | uncertainty for grey-green solutions that
- | stakeholders. fail gracefully and adapt
Moving from “Structures” | | Navigating the “Social dynamically.
to “Systems”. ' | License to Operate”.

“Engineering decisions are now inseparable from their socio-economic context. We
- donot just design for the coast; we design for the community that depends on it."
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