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Agenda/Topics

1. Discuss/Define types and approaches to Coastal Infrastructure 
Vulnerability Assessments 

2. Introduce the Climate Preparedness and Resilience Register 
(CPRR) Framework 

3. Define types of Performance Thresholds used in CPRR 
assessments of Coastal Infrastructure Vulnerability 

4. Define work flows and performance models used in CPRR analyses
5. Demonstrate the CPRR framework and methods through case 

study examples 
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Coastal Vulnerability Assessment Frameworks
Literature Review 
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Criteria used to compare frameworks 
1. Scenarios
2. Common Tidal, Geodetic Vertical Datum Reference
3. Total Water Levels (Classification scheme for coastal water levels)
4. Performance  
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Approaches to Coastal Vulnerability Assessments

• Impact focused – Static time horizon –
example year 2085, impacts may be 
developed under one or more scenarios

• “plan view” – map impacts 

• Performance focused – Dynamic time 
horizon, includes past and projected 
future under one or more scenarios 

• “elevation view” – plot time series 
against time scale 

• Able to assess vulnerability for a wide 
range of coastal infrastructure types –
Flood Risk Reduction, Navigation, 
Transportation, Environmental 
Restoration

• What does the inundation map for the current 
1% coastal water level look like in 2085

• NOAA Sea Level Rise Viewer 

• Lots of local products – California 

• How will a coastal levee perform against non 
stationary risk levels caused by sea level 
change. 

• How will current operations of surge barrier 
gates change in a 50 to 100 year time period 
under multiple sea level change scenarios

• How does pumping capacity and O&M costs 
change under rising sea levels 

• Can we identify tipping points/thresholds 
across scenarios 
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Questions addressed by vulnerability assessmentTypes of Coastal Vulnerability Assessments 
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Climate Preparedness and Resilience Register (CPRR)
(O’Brien, 2017)
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Climate Preparedness and Resilience Register (CPRR)
(O’Brien, 2017)
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Datum 
Adjustment 

Coastal 
Water Levels

Scenario 
Projections 

Performance Thresholds/
Impacts 

Baseline
Data

(Non stationarity)
Projections Performance 

Impacts/Thresholds 

CPRR Framework
For Coastal Infrastructure

General Climate Change
Framework

USACE Guidance

Tools/Data Sources

ECB 2018-3
Total Water Level 
Guidance (in Preparation)

NOAA tides and 
currents 
https://tidesandcurrent
s.noaa.gov/
Coastal Hazards System 
(CHS)
https://chswebtool.erdc
.dren.mil/
Sea Level Change Curve 
Calculator
http://corpsmapu.usace
.army.mil/rccinfo/slc/slc
c_calc.html

ER 1100-2-8162
Incorporating Sea Level 
Change in Civil Works 
Programs

Sea Level Change Curve 
Calculator
http://corpsmapu.usace
.army.mil/rccinfo/slc/slc
c_calc.html

ER 1100-2-8160:
Policies for Referencing Project 
Elevation Grades to Nationwide 
Vertical Datums 

VDatum
https://vdatum.no
aa.gov/
NOAA tides and 
currents
https://tidesandcu
rrents.noaa.gov/

ER 1110-2-8159
Life Cycle Design and Performance
ETL 1100-2-1
Procedures to Evaluate Sea Level 
Change Impacts, Responses and 
Adaptation

NOAA Sea Level Rise Mapper
https://coast.noaa.gov/slr/
Sea Level Change Curve Calculator
http://corpsmapu.usace.army.mil/rcci
nfo/slc/slcc_calc.html

https://tidesandcurrents.noaa.gov/
https://chswebtool.erdc.dren.mil/
http://corpsmapu.usace.army.mil/rccinfo/slc/slcc_calc.html
http://corpsmapu.usace.army.mil/rccinfo/slc/slcc_calc.html
https://vdatum.noaa.gov/
https://tidesandcurrents.noaa.gov/
https://coast.noaa.gov/slr/
http://corpsmapu.usace.army.mil/rccinfo/slc/slcc_calc.html
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Performance Thresholds used in the CPRR Framework

• Design - defined as the engineering design level.  Performance may 
continue past design level

• Adaptation – limit of performance for a particular engineered 
structure or measure

• Cost/Operational – continued performance occurs at a significant 
increase in cost or change in operations

• Societal/Livability – defined as the overall viability of basic 
infrastructure under future sea level change

• Ad-Hoc – defined for specific target or function
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Performance Time Series Examples
Elevation, Function 
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Levees 
Floodwalls
Roadways
Navigation depth
Jetty crest height

Wave Overtopping
Pump efficiency
Navigation gate closures 
Wetland accretion
Shoaling Rates 

Elevation-time, Critical Infrastructure Elevations                  Function-time, Pump efficiency, 1800 cfs pump station
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Performance Time Series Types
Reliability, Reliability based metrics 

• Reliability-time performance 
models may be developed from 
Elevation-time and Function-time 
models

• Several reliability based metrics 
may be developed from a base 
reliability model

• Reliability index
• Probability of failure(non-

performance)
• Annual exceedance probability (AEP)

• Additional metrics allow multiple 
project elements to be compared 
together (by scenario)
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CPRR Framework Methods/Workflow
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CPRR Framework Methods/Workflow
Elevation-Time Series Example
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Datum 
Adjustment

Coastal 
Water Levels

Scenario 
Projections

Performance 
Thresholds

Elevation

Select Critical 
Infrastructure 

Elevation 
(NAVD88)

Select Critical 
Water Level

Plot Projected Critical 
Water Levels by 

Scenarios
Locate Intersections 

with Critical 
Infrastructure Elevation 

Determine Performance 
ThresholdsFunction

Reliability
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CPRR Examples – Elevation (Design) threshold for several Key 
Infrastructure features, San Francisco waterfront
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CPRR Examples – Elevation threshold for several Key 
Infrastructure features, San Francisco waterfront (AEP)
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CPRR Examples – Adaptation Threshold defined by topography 
and flooding pathways, Ala Wai canal, Hawaii  
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5 feet MSL 
Flooding 
transmitted 
by Ala Wai 
canal

7 feet MSL 
Flooding 
transmitted 
by Ala Wai 
canal + open
coast 

Topography south of Ala Wai canal at 7 feet MSL defines a 
adaptation threshold. Design elevations for a proposed 
floodwall above 7 feet will not ameliorate flooding south of 
the canal, since the flood pathways have changed 
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CPRR Examples – Cost/Operational Threshold
Navigation Gate Closures (NGC) for a Surge Barrier
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• Surge Barrier protects a small harbor from coastal flooding due to hurricanes and nor'easters
• Historical NGC 1970-2014 ranged from 0 to 26 per water year 
• The surge barrier is not staffed, crew are dispatched to operate barrier as needed.  A operational threshold 

of 52 NGC/water year (once per week) was defined as a significant cost threshold, since the surge barrier 
would have to be staffed with a full time crew due to the increased closure frequency
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CPRR Examples – Cost/Operational Threshold

Navigation Gate Closures (NGC) for a Surge Barrier, Methods
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NGC per Water Year, 1970-2014

CPRR Workflow Diagram
NGC Operation CDF (1970-2014) NGC Forecast Model 
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CPRR Examples – Societal/Livability Threshold defined by 
transportation network
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Would non-structural measures 
(raising homes) be effective ? 

Proposed 
levee
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CPRR Summary Points

• CPRR Framework informs robust Coastal Vulnerability Assessments
• Tiered approaches possible, additional levels of detail may be added
• Approach is scalable, and be used on a wide range of coastal 

infrastructure types 
• Allows for separable a design element analysis which may be incorporated 

into a systems approach which isolates the most vulnerable elements
• Design parameter uncertainty may be incorporated into the vulnerability 

assessments as more information becomes available using reliability-time 
series

• The CPRR Framework is very effective in assessing adaptive and 
resilience measures necessary to maintain performance of existing coastal 
infrastructure and for planning/engineering proposed coastal infrastructure
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Case Studies, More Information 

19

Patrick.OBrien@ColoState.edu

https://mountainscholar.org/handle/10217/185711
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