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Agenda

• 0830-0845 Introductions/administrative details
• 0845-0900 Sources of authoritative climate information
• 0900-0920 Sea level change and Q/A
• 0920-0940 Climate-impacted hydrology and Q/A
• 0940-1000 Installation climate resilience and Q/A
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INFRASTRUCTURE RESILIENCE AND PLANNING UPDATE

• Instructor: Dr. Kathleen D. White, U.S. Army Corps of Engineers

This short course provides an update to the tools available for resilient 
infrastructure planning with a particular focus on tools available to DoD installation 
planning practitioners at coastal installations. 
Topics include an introduction sea level change tools, an exploration of the 
statistical adjustment approaches to climate derived hydrology data, what those 
adjustments and diagnostics are, and how to apply the methods available, the 
background context on nonstationarity research, and an introduction to the 
framework based on the shift in assumptions from hydrologic stationarity to 
nonstationarity and outlines the major steps of the framework. 
The course will provide participants with an understanding of the tools currently 
available and their use.
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INFRASTRUCTURE RESILIENCE AND PLANNING UPDATE

• Instructor Short Bio:

Dr. Kate White leads the US Army Corps of Engineers (USACE) Climate Preparedness 
and Resilience Community of Practice within the USACE Headquarters, Engineering and 
Construction Directorate. 
Dr. White holds B.S. and M.S. degrees in Civil Engineering and a Ph.D. in Civil and 
Environmental Engineering. 
A registered professional engineer with over 31 years at the USACE, she develops policy, 
technical guidance, methods, and tools for climate preparedness and resilience, with an 
emphasis on water resources management issues involving extreme events and natural 
hazards. 
She received a 2013 GreenGov Presidential Award as Climate Champion and was 
selected as the USACE 2014 Engineer of the Year.
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Specific Course Objectives

1. Learn where to find authoritative information on changing climate 
pertinent to infrastructure resilience.  

2. Become familiar with changing sea level and several on-line resources to 
visualize observed and projected sea level change.

3. Understand basic concepts of stationary and nonstationary hydrologic 
conditions. 

4. Gain an introduction to the basics of climate preparedness and 
resilience for military infrastructure.  
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Sources of Authoritative Climate Information

• The U.S. Global Change Research Program (GCRP) developed and produced 
the Fourth U.S. National Climate Assessment (NCA4), vols I and II

• 1989 GCRP began as Presidential Initiative
• 1990 Created by Congress in U.S. Global Change Research Act “to assist the nation and 

the world to understand, assess, predict, and respond to human-induced and natural 
processes of global change”

• Work is directed and overseen by Principals representing the 13 GCRP member agencies 
as the White House Office of Science and Technology Policy Subcommittee on Global 
Change Research (OSTP / SGCR)
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National Climate Assessment

• The National Climate Assessment is required by the Global Change 
Research Act, section 106:

• “Not less frequently than every 4 years [USGCRP] shall prepare and submit to 
the President and Congress an assessment which:

• Integrates, evaluates, and interprets the findings of [USGCRP] and discusses 
the scientific uncertainties associated with such findings

• Analyzes the effects of global change on the natural environment, agriculture, 
energy production and use, land and water resources, transportation, human 
health and welfare, human social systems, and biological diversity

• Analyzes current trends in global change, both human- induced and natural, 
and projects major trends for the subsequent 25 to 100 years.” 
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NCA4, vol I - Climate Science Special Report

• Released 3 Nov 2017

• Key advances:
• Detection and attribution
• Extreme events (tropical cyclones, tornadoes, 

atmospheric rivers)
• Downscaled information (including sea level rise)
• Potential surprises
• Climate model weighting

• Also summarized in “Our Changing Climate,” Chapter II in 
NCA4, vol II

8

available at: science2017.globalchange.gov
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NCA4, vol II - Impacts, Risks, and Adaptation in the United States

• Released 23 Nov 2018

• Is policy relevant, but not policy prescriptive

• Places strong emphasis on regional information

• Assesses range of potential impacts, helping 
decision makers better identify risks to avoid or 
reduce

• Uses case studies to provide additional context and 
opportunities to showcase community success 
stories

9

available at: nca2018.globalchange.gov
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NCA4 Regions and Likelihood 
Terminology
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NCA4 vol II Regional Assessments 
emphasize regional risks and actions 

• NCA4 is not simply an update to 
NCA3 from 2014

• New climate-related impacts in each 
region since NCA3 (2014), and new 
response actions to address related 
risks and costs

• Greater visibility to emerging topics:
• Effects of climate change on U.S. 

international interests, including 
trade, national security, and 
humanitarian assistance

• Air quality and climate change
• Complex, interconnected human 

and natural systems
11source: NCA4 Regional 

Chapters
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NOAA State Climate Summaries, 2017

Ø NOAA State Climate Summaries 
https://statesummaries.ncics.org/

Ø Select state
Ø Select key messages, narrative (same as text                                        

in key messages), and downloads (web graphics and 
supplemental graphics)
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EPA Report on Climate Change Indicators, 2016

Ø EPA Report on Climate Change Indicators in the US, 2016 
https://www.epa.gov/sites/production/files/2016-
08/documents/climate_indicators_2016.pdf

Ø Applicable sections are
• Weather and Climate
• Oceans
• Snow and Ice
• Ecosystems
• To a lesser extent, Health                                                            

and Safety
• Some interesting background                                                                     

information and potentially                                                                             
localized data that could provide                                                                              
useful background
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https://www.epa.gov/sites/production/files/2016-08/documents/climate_indicators_2016.pdf
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Changing Sea Level
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Sea Level Change

• Regional to Local Drivers• Global Drivers
• Thermal Expansion
• Land Ice Melt-Discharge

• Vertical land movement 
• Seasonal cycles
• Ocean – atmospheric variability
• Ocean circulation
• Storm surge - tsunami
• Wind waves
• Tides

Hall et al., 2016 Regional Sea Level Scenarios for Coastal Risk Management, DoD Strategic Environmental Research and Development Program 
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mitigation

adaptation

Climate Change Commitment: We are already 
committed to centuries of changing sea level
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WHEN, NOT IF

• Chronic flooding is increasing and will continue to increase
• USACE approach is “When, not if”
• Scenario approach allows us to prepare for plausible 

future timing without “guessing” how sea level varies
• The scenarios help us to avoid over-investment today for 

far future needs or under-investment now that results in 
high response recovery costs later
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Regional and Local Sea Level Change Variation
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Changing Sea Levels Affect Total Water Surface Elevations Over the Ground

19
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Computing water surface elevations over the ground in coastal areas: 
Datums, Datums, Datums

• Datum Compliance is required for projects, especially coastal projects – many 
are noncompliant

• Why? People can die when datums are incorrect or conversions are wrong - ref. 
Katrina 
• ER 1110-2-8160 Engineering                                                                                             

and Design: Policies for                                                                                             
Referencing Project                                                                                           
Evaluation Grades to                                                                                              
Nationwide Vertical Datums 

• EM 1110-2-6056, Standards                                                                                                       
and Procedures for                                                                                               
Referencing  Project                                                                                                     
Evaluation Grades to                                                                                                         
Nationwide Vertical Datums

20
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Changing Sea Level Affects Existing 
Infrastructure

21

• 2013, ER 1100-2-8162 (EC 
1165-2-211/212) – use 3 
scenarios

• 2014, ETL 1100-2-1, adaptation 
to changing sea levels, uses 
tiered approach with level of 
effort commensurate with 
scale of decision and 
consequences

• 2019, EP 1100-2-1 continuing 
guidance for ETL 1100-2-1, 
which expired June 2019
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Project Impact Example: Sea Level Impact on Rivers

• Raising the downstream boundary increases river stage for the same discharge
• EM 1110-2-1416, section 6-8.f. Tidal conditions. “When the river profile computation begins 

at the outlet of a stream influenced by tidal fluctuations, the maximum predicted high tide, 
including wind-wave set up, is taken as the starting elevation at a station usually located at 
the mouth of the stream.”

• ER 1100-2-8162:  “As used in this ER, locations with oceanic astronomical tidal influence, 
as well as connected waterways with base-level controlled by sea level. In the latter 
waterways, influence by wind driven tides may exceed astronomical tidal influence. Coastal 
areas include marine, estuarine, and riverine waters and affected lands.”
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Sea level change tools

• Sea level change calculator - 2013 
• Sea level change tracker - 2018
• Atlas of sea level change - 2019
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https://www.usace.army.mil/corpsclimate/Public_Tools_Dev_by_USACE/sea_level_change/
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Sea Level Tracker Example Output

• Capability to show monthly values, other tidal statistics (e.g., MHHW, MLLW), extreme water 
levels (annual through 1% AEP) and critical elevation thresholds to show when and if they are 
exceeded

24
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DOD DoD Group (CARSWG)

• Multi-agency team of researchers developed the 
report and an accompanying online database to 
provide regionalized sea level and extreme water 
level scenarios for three future time horizons 
(2035, 2065, and 2100) for 1,774 military sites 
worldwide

• These scenarios are plausible and scientifically 
credible future sea level and extreme water level 
values.

25
https://www.serdp-estcp.org/News-and-Events/News-Announcements/Program-
News/DoD-Report-on-Regional-Sea-Level-Scenarios

https://www.serdp-estcp.org/News-and-Events/News-Announcements/Program-News/DoD-Report-on-Regional-Sea-Level-Scenarios
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DOD Regional Sea Level Scenarios Database

• Database is CAC-
accessible (url below)

• Need to request access 
ahead of time

• Site lookup by name or 
map view

26

https://sealevelscenarios.serdp-estcp.org/

https://sealevelscenarios.serdp-estcp.org/
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DOD Scenarios Example: Alaska
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Example: NG Nome Armory OMS 
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Ocean Acidification, the “Other CO2 Problem”

29

• Natural waters with low pH can become “aggressive” towards concrete 
structures 

• pH of about 6.5 is the threshold for damaging effects
• pH < 6.5, acidified water attacks and begins to dissolve the Portland 

cement which binds concrete  
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Climate-Impacted Hydrology
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Extreme Precipitation
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Drought
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Compound events: Droughts and Floods

33

Heavy 
precipitation May-
June 2015 Within 
Multiyear Drought

Utilizing > 50% Flood Control Storage: 37 projects
Utilizing > 100% Flood Control Storage: 11 projects 

Cumulative rainfall 20-27 May 2015
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Sunday 26 May 2019: successive events

34
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Correlated events we are facing

• Successive precipitation events
• Floods and droughts
• Aridity or wildfire and precipitation causing sedimentation
• Precipitation and sea level rise
• Snowmelt and precipitation
• Precipitation and storm surge
• Others:

• Decreased arctic sea ice and thawing permafrost increasing coastal erosion
• Increasing ocean acidification that alters metal mobilization and also impacts 

habitat
• Temperature or salinity impacts that encourage invasive species in a wetland 

marsh that previously provided some wave attenuation…
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Key factor in water decision-making: stationary or not?

5
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Detecting  “Strong” 
Nonstationarities

• ETL 1100-2-3
• Consensus – Agreement between multiple 

statistical methods that detect the same type
of nonstationarity

• Robust – Agreement between multiple 
statistical methods that detect different types
of nonstationarity

• Magnitude – The size of the change in the 
streamflow before and after the detected 
nonstationarity

• Next step: monotonic trend analysis
• Then: attribution
• Then: project

1942

1942

1942

37https://www.usace.army.mil/corpsclimate/Public_Tools_Dev_by_U
SACE/Climate-Impacted_Hydrology/

https://www.usace.army.mil/corpsclimate/Public_Tools_Dev_by_USACE/Climate-Impacted_Hydrology/
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Example:  Regional nonstationarity detection for unimpaired 
stream gauges

3
8

Tool for single streamgage analysis: 
https://www.usace.army.mil/corpsclimate/Public_Tools_Dev_by_USACE/Climate-Impacted_Hydrology/

https://www.usace.army.mil/corpsclimate/Public_Tools_Dev_by_USACE/Climate-Impacted_Hydrology/
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Trends: Climate Hydrology Assessment Tool (CHAT)
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• Platte River near Ashland
• Statistically significant slight upward 

trend in annual peaks
• Increasing trend in future, also 

statistically significant

https://www.usace.army.mil/corpsclimate/Public_Tools_Dev_by_USACE/Climate
-Impacted_Hydrology/

https://www.usace.army.mil/corpsclimate/Public_Tools_Dev_by_USACE/Climate-Impacted_Hydrology/
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ECB 2018-14 Risks

• Projected benefits or reductions in 
risk due to climate should also be 
briefly discussed 

• Table B-1 provides examples that 
might be included in a decision 
document or climate appendix for the 
measures and features of a given 
resilience measure alternative

40
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Installation Climate Resilience
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Prepare, anticipate, pre-
plan, stockpile….

Adapt, 
transform….

Absorb, resist, 
withstand, fail safely….

Recover quickly and 
wisely…….

Decision making for Climate preparedness and resilience

2
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Moving from theory to practice

In theory, theory and practice are the same.
In practice, they are not.

- Attributed to Albert Einstein

43

Or maybe it was Yogi Berra
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Decision-Makers’ Perspective –
Actionable science, not necessarily latest or most complex science

• Decision-makers especially need to consider surprises or cases where a weak signal could result 
in large consequence – these are situations where models provide only part of needed 
information

• Decision-makers begin with the requirements for acceptable performance and reliability of their 
asset/project/system and then

• ID the impacts or combinations of impacts that increase vulnerability and decrease 
performance and reliability 

• Assess likelihood of occurrence
• Use this knowledge to plan and implement measures to prepare, absorb, recover wisely, and 

adapt or transform to reduce future occurrences
• The information supporting the assessment does not necessarily have to be complex but it does 

have to be actionable

44
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“All models are wrong; some are useful.” George EP Box
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What information matters to decision-makers?

• Depends on investment horizon, decision-scale, and risk tolerance
• Special consideration for spatial and temporal scales – tradeoff 

between precision and accuracy

• Short term horizon: 
o New or existing asset/project, or both?
o Is asset vulnerable now? Does schedule rely on uninterrupted work?
o Under what conditions does the asset/project perform?

• Mid-term:
o Do observed and/or projected changes increase vulnerability?
o Are the consequences more severe?
o Are fiscal exposure and legal liability increasing?

• Long-term: 
o What adaptation pathway or transformation is necessary?
o What is the lead time necessary to adapt/transform?

45

•Critical thresholds 
and triggers that 
impact performance

Identify 
performance 
requirements

• Assess performance 
under plausible future 
conditions

• ID consequences of 
nonperformance 

Performance 
assessment

• Qualitative/quantitative
• Range of timing of 

critical variables
• Monitoring strategy 

Likelihood of 
plausible 

future 
conditions

• Suite of alternatives
• Lead time to take action
• Economic , 

environmental, social, 
engineering analyses

Adaptation
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SLC and Thresholds

46

Indicator 

value
(e.g.,

MSL + .5% AEP)

Time

Threshold value of indicator
when intervention is needed

Lead time for planning, design  
and construction 

Monitor and 
Record values 

of indicator

Date of 
review

Projected  future 
ranges of indicator

Initial Decision 
point based on 

range of 
conditions*

* Can be adjusted based on monitoring closer to decision point 
4
6
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Current 
situation

Action A
Action B

Action C
Action D

Transfer station to new policy action

Adaptation Tipping Point of a policy action (Terminal)

Policy action effective

Changing conditions

Time high -end scenario

Time low-end scenario
0

0 10 70 80 90 100
Years

10 70 80 90 100

1

2

3

4

5

9

Pathway Co-benefitsCosts Benefits
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Time horizon 100 years
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Source: Haasnoot et al. (2013), etc.

Determine Adaptation Pathways At the Start
(Adaptation ≠ Adaptive management)



#SerdpEstcp2019

Key Takeaways from 2018

• Phased approach consistent with NAVFAC CC Planning Handbook 
gives structure to level of effort of analysis

• Start with the systems of systems that include the social, 
environmental, and economic requirements and constraints to 
decision-making

• Understand the range of conditions under which performance is 
acceptable now and in the future to help focus on conditions 
causing vulnerabilities

• We can’t engineer our way out of every situation: transformation 
may become necessary
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Key Takeaways:

1. Authoritative information on changing climate pertinent to infrastructure resilience is presented 
in the Fourth National Climate Assessment (Volumes 1 and 2) and agency climate 
preparedness and resilience sites, including the NOAA state climate summaries.  

2. Several agency web sites serve as resources for understanding and visualizing observed and 
projected sea level change, including the NOAA Sea Level Trends and Sea Level Rise Viewer 
and the USACE Sea Level Change Calculator and Sea Level Tracker.

3. Hydrologic nonstationarity caused by changing land use and land cover, river regulation, or 
climate can be detected using several statistical tests which detect abrupt or smooth changes in 
a hydrologic time series. 

4. Climate preparedness and resilience for military infrastructure improvesreliability of missions 
and operations and reduces response and recovery costs. 
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Preview: Vulnerability Change Over Time

File Name
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