


Climate change and weather extremes bring
chaos

Threatens food and water
supplies

Destroys ecosystems
Damages infrastructure

Imperils public health, safety,
and welfare

Where the sun beats, and the
dead tree gives no shelter.

The Waste Land, T.S. Eliot (1922)




It is time for civil engineers to turn
climate talk into climate action.

Rachel Skinner, Past President
Institution of Civil Engineers

The climate crisis is an emergency — treat it
like one

Bring climate change into every conversation
Consider climate change in every project
Design and build for the right outcomes

Stress test all projects against a wide range

of climate extremes

STATE OF THE NATION 2021
Six ways for civil engineers
to act on climate change

https://www.ice.org.uk/media/3wyp
vanx/ice-state-of-the-nation-

2021.pdf
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Hello, is anyone listening?”
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Hazardous and toxic wastes

Increased public awareness applied
pressure for government action

Governmental action and funding jump-
started growth in a new market (e.g.,
Superfund)

Forward-thinking geotechnical firms seized
new market opportunities

The profession responded by honing
existing technologies and developing new
ones to meet market needs




Hazardous and toxic wastes

Universities implemented research to improve how we
analyzed and treated hazardous and toxic wastes

Geoenvironmental engineering rapidly became
recognized as a subdiscipline

ASCE changed the name of one of its flagship
publications

Geotechnical and
Geoenvironmental

Engineering




Hazardous and toxic wastes

New threats exposed consulting firms to claims of
negligence and professional liability

Concern for professional liability led to development
of loss prevention aids and education

GEOPROFESSIONAL
BUSINESS
AN WA ASSOCIATION




The climate crisis a similar game-changer

2024 WAS THE Public awareness and need for government

HOTTEST YEAR action are growing

ONRECORD = Will government action stimulate a new
7 e el

Is there a market opportunity for geotechnical
engineers?

What existing and new technologies are
required to compete?

If we do nothing, will we face claims of
negligence and professional liability?

What loss prevention aids and education are
needed to protect geotechnical engineers?




Hazardous wastes vs. climate change

Recognition of climate change as a new
market is developing more slowly — but it’s \
happening!

A/

.» LISTEN

1 P ‘

,‘ 4““ l ‘t’ “EF

ITHE MTE IS
CHANGINU WHY §

\RENT WEG

Not all geotechnical engineers embraced
geoenvironmental engineering — we have
no choice, we all must be involved




The climate crisis is the biggest challenge and the greatest
opportunity that geotechnical engineers have ever faced

We design and build infrastructure that shapes
people’s lives

We are responsible for ensuring the health, safety, | - Climate change
and welfare of people who rely on infrastructure _ What will happen if we do nothing?
Changing climate stressors threaten safe and O ‘
reliable infrastructure performance

We must use our problem-solving skills and
Influence to lead transformational change

We must use this opportunity to create new
markets for our services

If we don’t, we face serious exposure from claims
of negligence and professional liability



The climate crisis Is a game-changer
Geoprofessionals are well positioned to respond to the climate crisis

We are first onsite making We are familiar with managing
recommendations for uncertainty and analyzing risk

* Site development We are expert at identifying geo-hazards
- Construction and applying risk and life-cycle cost

- Foundation design analyses to reduce risk

We are comfortable dealing with We pioneered the observational method
materials and conditions that (now called adaptive management)

 Are often difficult to predict
« Change with time
* Require engineering judgment







TECHNICAL ISSUES
uifer depletion

ams and levees
Erosion
Expansive soils
Floods
Foundations
Landslides
Oversaturated fill and backfill
Pavements
Permafrost thaw
Piping and internal eros
Seawalls
Sea level rise
Soil desiccation
Water supply




Ready or not, we are in a climate crisis

Practitioners

Are you warning clients about the adverse
effects of a changing climate?

- If not, are you concerned about your
professional liability?

Clients

- Are you asking your advisors about climate
change effects on project performance?

Educators

- Are you teaching your students how to deal
with climate change?

Researchers

- Are you seeking ways to improve
Infrastructure resilience?

DON'T .BELIEVE IN
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What’ ihappenmg’?

*Climate
What we expect.

Weather
What we get.

Change

The future is uncertain. We no longer know what
to expect.
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2024 In review, It keeps getting warmer

The average global temperature July 22, 2024, was the hottest day on
exceeded 1.6°C (2.9°F) record
2024 was 0.12°C (0.22°F) warmer 2015-2024 was the hottest decade on

than 2023 record




EMISSION LEVELS DETERMINE
TEMPERATURE RISE

B Current path of

emissions increase Wl L D CARDS

Will we be motivated to act?

How successful will we be in
reducing emissions?

Can we curtail our dependence
on fossil fuels?

Immediate and rapid
reduction in emissions

™
o

S
()
(@)}
c
©
A o
O
D
s |
-
o
)
Q.
5
'._

globalchange.gov







"'v..

T R
11) R B SR80
Y. - SPED S . o
sk RLCE LY
. W
a e

)
!




Changing climate stressors affect infrastructure
performance

Heatwaves cause service interruptions, physical
damage, and premature deterioration

The frequency of severe wind is increasing and
the geography susceptible to wind hazards is
widening

Changing precipitation patterns cause drought in
some areas and increase flooding elsewhere

Coastal flooding is made worse by sea level rise




B Drought Count B Flooding Count B Freeze Count B Severe Storm Count Tropical Cyclone Count

B Wildfire Count B Winter Storm Count — Combined Disaster Cost — Costs95%Cl — 5-Year Avg Costs
28 S600

US BILLION-DOLLAR DISASTERS 28 BILLION-

1980-2023 (CPI-ADJUSTED) DOLLAR EVENTS
$600 BILLION

THREE BILLION-
DOLLAR EVENTS
$75 BILLION
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suolj)ig uiisod

|
illuft
1) |'|\|'I ||'

1980 1582 1984 1586 1988 1990 1992 1994 1996 1998 2000 EI‘JI'JE 2004 2006 2008 2010 2012 2014 2016 2018 21110 2023

| U LR
n: N\ /{E | ".E.--i S ‘
BN Sl III '

ﬂ_







We have moved from stationarity to non-stationarity

1951-1980

Stationarity (conditions we expect)

STATIONARITY AND
* Though weather changes daily, the climate in a PREDICTABILITY
region will remain constant

« Enabled design of safe, reliable, and long-lived |
Infrastructure using historical climate conditions MORE
to predict the future FREGUERT

Extremely cold Cold Normal Hot Extremely hot

Non-stationarity | 2005-2015

NON-STATIONARITY
AND UNCERTAINTY

Climatic conditions are no longer constant
Effects of non-stationarity are uncertain
Using historical climate conditions is no longer .
reliable 19511980 7 ‘
BASE PERIOD i
Future conditions are more difficult to predict Vi

Extremely cold Cold Normal Hot Extremely hot




The past is no longer prolog




Policy-driven standards may no longer be valid

The “100-year flood” may occur more frequently in some locales

« Base Flood Elevation (BFE) is the elevation of flooding that has a one-percent
probability of occurring in any given year (“100-year flood”)

« Basis of the National Flood Insurance Program (NFIP) and for most FEMA levee
certifications
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Policy-driven standards may no longer be valid

Will the 100-year BFE occur more frequently, say 50-years
or even 25-years?

Will climate change cause

How will this affect the NFIP, levee certifications, and other this to be the BFE of the
flood-related policies and practices? 50-year or 25-year flood?




Building codes will need to be updated

“The design rainfall rate shall be
based on ... rainfall rates
IBC determined from approved local

weather data.”

INTERNATIONAL
BUILDING

SECTION 1611
RAIN LOADS

1611.1 Design rain loads.

Each portion of a roof shall be designed to sustain the load of rainwater that will acg@mulate on it if the primary drainage
system for that portion is blocked plus the uniform load caused by water that rises abovk the inlet of the secondary drainage
system at its design flow. The design rainfall shall be based on the 100-year hourly rainfall rate indicated in Figure 1611.1 or
on other rainfall rates determined from approved local weather data.




Building codes will need to be updated

Climate change is rapidly making local

An unexpected item is blocking rainfall records obsolete
ettTes’ cllmate cha

If precipitation rates increase in a particular
area

« Using a more conservative rate makes good
sense

 But, how conservative should we be?

- What if we guess wrong?




The challenge of non-stationarity

ENGINEERING\

Blindly following current codes, standards, and design
guidelines may no longer result in safe and reliable
performance over the life of the project

If there is a discrepancy or confusion when applying
building codes:

« How will the standard of care be defined?

« Who will determine the standard of care?

What is our ethical responsibility in a dynamic environment?
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Whata n we do?
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What can we do?
We have three choices — mitigate, adapt, or suffer.




People suffer from weather extremes

Is 70 degrees F that much different
than 68 degrees F?

489,000 people died in heat waves
globally in 2019

Extreme heat has cost $16 trillion
since 1990

260,000-600,000 people die each
year from smoke from wildfires

3 billion people survive b

HEAT-RELATED DEATHS

1,500 HEAT-RELATED DEATHS

HEAT-RELATED DEATHS

IN THE U.S. HAVE
DOUBLED SINCE 2010

1,000

3-YEAR
AVERAGE
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2010

ANNUAL
DEATHS

0
2010 2020

YEAR
S0URCE: CDC WONDER




Climate change Is causing global diaspora

Estimate >200 million
climate refugees by 2050

Triggered by

Heat

Famine

Drought

Sea level rise

Climate change will fuel
civil unrest




What can we do?
We have three choices — mitigate, adapt, or suffer.
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What can we do?
We have three choices — mltlgate adapt, or suffer.

Either you abandon fossil fuels, or
you find a way to get that carbon

back.

Klaus Lackner, Professor, Arizona State University

Climate change mitigation technologies
« GHG management
« (Geoengineering




Mitigation: GHG management

2050

orst impacts of climate

ivable planet

issions

rbon capture




Mitigation: Geoengineering

\FACE ALBEDO

e cloud reflectivity
INPUT (Star Wars)
orbit

into the atmosphere

Solar Climate
Intervention Methods

4) Space-based methods

3) Increasing the amount of
stratospheric aerosol (SAl) 5) Decreasing the
amount of high
altitude cirrus

clouds (CCT)
10-16 km

2) Increasing the reflectivity
of marine clouds (MCB)

R L L el I LR
Boundary Layer Top

smission of longwave radiation




Can technology save us?

It's iImmature and in most cases
unproven

It's very expensive

We may not be able to control it — I.e.,
the cure may be worse than the
disease

The moral hazard

Research may popularize the idea that geoengineering is a magical fix

If we believe a cure is around the corner, we may give up trying to reduce
emissions



If we hope technology

will save us...

.. We may be In
for along wait




What can we do?
We have three choices — mitigate, adapt, or suffer.

-
S,
1

Climate adaptation (US EPA)

* Preparing for and accommodating current and projected effects of warmer
temperatures, extreme weather events, and sea level rise

» Adapting to changes we can no longer avoid rather than preventing them entirely



Adapting to the climate crisis

What are the effects of changing climate
stressors on infrastructure?

When will they occur? How bad will the 1. SET
o ’ . Fouron, ) seseces

SCOPE

We cannot rely on stationarity — what 6. MAKE

DECISIONS 2. COMPILE
should we do? DECISIONS 2.c

ANALYZE
RESULTS DATA

What are the infrastructure vulnerabilities of
concern?

What are the consequences if our

predictions are wrong? 4. PERFORM

RISK
ANALYSIS

‘How do we accommodate change that

fers from what we predict? After FHWA

= |
. 1



Adaptation options for a changing climate (from FHWA)

RETREAT RELOCATE

Retreat
Relocate

solate

mprove

* Robustness
 Redundancy
* Resilience
Revise, adapt,
accommodate




Adaptation options for a
changing climate

ROBUSTNESS:
Improve ADD STRENGTH

 Robustnhess
 Redundancy
 Resilience

Lt At
vir A
v

REDUNDANCY: USE
BELT AND SUSPENDERS

RESILIENCE: IMPROVE
THE CAPACITY TO
WITHSTAND OR RECOVER




Adaptation options for a
changing climate

OVER-BUILD IN
ADVANCE OF
NEED

FOUNDATION
gl DESIGNED TO
i ACCOMMODATE
" AHIGHER WALL

Revise, adapt,
accommodate




OPEN THE INVESTIGATE
CONVERSATION CLIMATE
HAZARDS

.
ASSESS

VULNERABILITY

RISK
ANALYSIS




Open the conversation

Projects built to current climate-related
standards are less safe because of non-
stationarity

Current standards have not kept pace,
confusing how to proceed

Developing new codes and standards is a
deliberate, time-consuming process

Until there is widespread acceptance of climate change, opening
the conversation may be challenging

Conversation openers:

e US EPA

* US Army Corps of Engineers

« American Institute of Architecture



Climate hazards and vulnerability

US EPA Climate Risk Assessment

Resources . :
Assessing Your Project's

Provides worksheet to assess a project’s climate risk Climate Risk

Guides the conduct of a basic climate risk assessment

Con_siders risk_to pro_ject components and their EPA developed a worksheet, B
resilience to climate impacts Assessing Your Project’s Climate Risk
Supports a climate risk assessment based on current (pdf) (634.29 KB) , that can help
climate hazards and future hazard predictions applicants and recipients perform a

Helps identify adaptation actions to improve resilience high-level risk assessment for 2

or adaptive capacity specific project.


https://www.epa.gov/system/files/documents/2024-06/cdti_risk_assessment_worksheet_final_5-21-2024.pdf
https://www.epa.gov/system/files/documents/2024-06/cdti_risk_assessment_worksheet_final_5-21-2024.pdf

Climate hazards and vulnerability

USACE ECB 2018-14 |ldentifies and communicates threats from

: : . . climate change
Requires consideration of climate change on

all projects May affect the design and the potential for

_ _ e future modifications
Assumption of stationarity is no longer

appropriate Complexity of analysis depends on level of

_ _ uncertainty
Focus is on relevant climate stressors

ENGINEERING AND
oy Corrs CONSTRUCTION BULLETIN

of Engineers.

No. 2018-14 Issuing Office: CECW-EC Issued: 10 Sep 18 Expires: 10 Sep 20
10 Sep 20. Rev 1 10 Sep 22
10 Aug 22 Rev 2 19 Aug 24

SUBJECT: Gumdance for Incorporating Climate Change Impacts to Inland Hydrology in Crvil
Works Studies, Designs, and Projects.



https://wbdg.org/FFC/ARMYCOE/COEECB/ecb_2018_14_rev_3.pdf
https://wbdg.org/FFC/ARMYCOE/COEECB/ecb_2018_14_rev_3.pdf

bi

AlA’s hazards guide

Identify threats from potential geologic hazards and
changing climate stressors

Hazard and Climate
Risk: a user’s
guide and form for

Estimate future climate conditions
acknowledging risk

Develop a hazard risk profile, including climate hazards
~stimate expected frequency and impact
are risk rating

https://content.aia.org/sites/default/

files/2021-
12/Users Guide to the Hazard a
nd Climate Risk Acknowledgeme

nt Form v2.pdf



https://content.aia.org/sites/default/files/2021-12/Users_Guide_to_the_Hazard_and_Climate_Risk_Acknowledgement_Form_v2.pdf
https://content.aia.org/sites/default/files/2021-12/Users_Guide_to_the_Hazard_and_Climate_Risk_Acknowledgement_Form_v2.pdf
https://content.aia.org/sites/default/files/2021-12/Users_Guide_to_the_Hazard_and_Climate_Risk_Acknowledgement_Form_v2.pdf
https://content.aia.org/sites/default/files/2021-12/Users_Guide_to_the_Hazard_and_Climate_Risk_Acknowledgement_Form_v2.pdf
https://content.aia.org/sites/default/files/2021-12/Users_Guide_to_the_Hazard_and_Climate_Risk_Acknowledgement_Form_v2.pdf

Hazards screening

Opens the door to talking about climate
change with clients

Initiates discussion of non-stationarity

Sets the stage for getting to the right outcome
Underscores the value of resilience

Creates the opportunity to offer new services

Encourages discussion of negligence and
professional liability

Provides an opportunity for buy-in by the
owner, stakeholders, and the project team




GEOLOGIC HAZARD
EARTHQUAKE

HAZARDS SCREENING

THREAT PROJECT POTENTIAL POTENTIAL FAILURE | CONSEQUENCES OF
LEVEL COMPONENT VULNERABILITY MODES FAILURE

EXPANSIVE SOIL

LIQUEFACTION

SLOPE INSTABILITY

SUBSIDENCE
CLIMATE STRESSOR
HEAT

INTENSE RAINFALL

SEALEVEL RISE

SNOW AND ICE

WIND
CLIMATE HAZARD
DROUGHT

LANDSLIDE

NUISANCE FLOODING

PERMAFROST THAW

SEVERE EROSION

WATERSHED FLOODING

WILDFIRE




e Jo Nolei (ol V.V L IS SCREENING

EXPANSIVE SOIL UE MODES FAILURE

GEOLOGIC HAZARD

LIQUEFACTION
EARTHQUAKE
EXPANSIVE SOIL SLOPE INSTABILITY ) SITE_SPECIFIC
LIQUEFACTION SUBSIDENCE HAZARDS
SLOPE INSTABILITY CLIMATE STRESSOR
SUBSIDENCE HEAT
NTENSE RAINFALL
e SEA LEVEL RISE
INTENSE RAINFALL
SEALEVEL RISE SNOW AND ICE
SNOW AND ICE WIND
CLIMATE HAZARD HAZARDS THAT
2SSl RESULT FROM
i LANDSLIDE CHANGING
LANDSLIDE
NUISANCE FLOODING NUISANCE FLOODING CLIMATE
PERMAFROST THAW PERMAFROST THAW STRESSORS
SEVERE EROSION SEVERE EROSION
WATERSHED FLOODING WATERSHED FLOODING

WISEEIRE WILDFIRE




GEOLOGIC HAZARD
EARTHQUAKE

THREAT PROJECT POTENTIAL POTENTIAL FAILURE | CONSEQUENCES OF
LEVEL COMPONENT VULNERABILITY MODES FAILURE

HAZARDS SCREENING

EXPANSIVE SOIL

LIQUEFACTION

NOT APPLICABLE

SLOPE INSTABILITY

LOW

SUBSIDENCE
CLIMATE STRESSOR
HEAT

MEDIUM

HIGH

INTENSE RAINFALL

SEALEVEL RISE

SNOW AND ICE

WIND
CLIMATE HAZARD
DROUGHT

LANDSLIDE

NUISANCE FLOODING

PERMAFROST THAW

SEVERE EROSION

WATERSHED FLOODING

WILDFIRE




HAZARDS SCREENING

THREAT PROJECT POTENTIAL POTENTIAL FAILURE | CONSEQUENCES OF
LEVEL COMPONENT VULNERABILITY MODES FAILURE

GEOLOGIC HAZARD
EARTHQUAKE

EXPANSIVE SOIL

LIQUEFACTION

Sl PROJECT |  POTENTIAL | POTENTIAL FAILURE | CONSEQUENCES OF

N'I‘ COMPONENT VULNERABILITY MODES FAILURE

HEAT
INTEN
SEAL
SNO
WIND
CLIM
DROUGHT

P

— g ——————————————————————————————————————— —

LANDSLIDE

NUISANCE FLOODING

PERMAFROST THAW

SEVERE EROSION

WATERSHED FLOODING

WILDFIRE
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A

Project.example

1. SET

7. MONITOR
OBJECTIVES
AND REVISIT AND DEFINE

6. MAKE
DECISIONS
AND APPLY
RESULTS

SCOPE

2. COMPILE
AND
ANALYZE
DATA

3. ASSESS
VULNERABILITY,

4. PERFORM
RISK
ANALYSIS

After FHWA




Proposed new water treatment plant

Publicly owned utility in south-central Wisconsin

Located on gently rolling terrain in the floodplain
of a small stream

Because of space limitations, a floodwall is
planned to reduce flood risk

As the sole water supply for a small community, it
classifies as critical infrastructure

The owner expects a 50-year service life

Owner’s goal is to minimize capital costs




Characterizing the need for resilience

What is the estimated service life of the facility?
Is the facility critical infrastructure?

Does a climate-change-induced failure: CRITICAL INFRASTRUCTURE

- Present a life-safety risk? Facilities and assets so vital

that their destruction or

« Affect the performance of other infrastructure? : o .
incapacitation would disrupt

« Cause other infrastructure to fail? the public’s security,

How important is continuity of operations? How long economy, safety, health, or
can the facility be out of service? welfare.

How difficult and costly will it be to repair or retrofit?

What is risk tolerance of the owner, stakeholders,
and the affected public?




BEDROCK GEOLOGY OF WISCONSIN

UNIVERSITY OF WISCONSIN-EXTENSION
EXPLANATION Geological and Natural History Survey

DEVONIAN
APRIL 1981
- dolomite and shale REVISED 2005

SILURIAN
dolomite

ORDOVICIAN
Maguoketa Formation—shale and dolomite

- Sinnipee Group—dolomite with some imestone
and shale

St Peter Formation—sandstone with some limestone
n L shale and conglomerate

E Prairie du Chien Group—dolomite with some
sandstone and shale

CAMBRIAN
II] sandstone with some dolomite and shale

MIDDLE PROTEROZOIC

....... Keweenawan rock—
. $s, sandstone
””” v, basaltic to rhyolitic lava flows
,,,, N 1, gabbraie, anorthositic and granitic rock

Wolf River rock—
9. rapakivi granite, granite, and syenite
a, anorthosite and gabbro

LOWER PROTEROZOIC
quartzite

- granite, diorite, and gnetss

8, metasedimentary rock, argilite, siltstone,
quartzite, greywacke, and iron lormation
vo, basaltic to rhyolitic metavoleanic rock with
some metasedimentary rock

ga, meta-gatbro and hornblende diorite

LOWER PROTEROZOIC
OR UPPER ARCHEAN

my, metavolcanic rock
an, granite, gneiss, and amphibolite

Hortzontal scole is same os map.



2. COMPILE
AND
ANALYZE
DATA

3. ASSESS
VULNERABILITY/




& Climate Resilience Evaluation X
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<« &) 23 epa.govfcrwu/climate-resilience-evaluation-and-awareness-tool
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Home | Creating Resilient Water Utilities (CRWU)

Creating Resilient Water Utilities
(CRWU)

Resilient Strategies Guide

Climate Resilience Evaluation and
Awareness Tool

Climate and Weather Data Maps
Adaptation Case Studies

Adaptation Planning in Action Videos
Risk Assessments

Community Co-Benefits StoryMap
Training and Engagement Center
Climate Adaptation Funding

Climate Finance Working Group

Contact Us about Creating Resilient Water
Utilities (CRWU),

Climate Resilience Evaluation and Awareness

Tool

Oops, something went wrong. Check your browser's developer console for more details.

What is Climate Resilience Evaluation and
Awareness Tool?

Climate Resilience Evaluation and Awareness Tool (CREAT) is a tool that assists water sector
utilities in assessing climate-related risks to utility assets and operations. Throughout CREAT’s
five modules, users consider climate impacts and identify adaptation options to increase
resilience. The modules are:

1. Climate Awareness: Provide basic utility information; increase awareness of climate
impacts;

2. Scenario Development: Understand utility risk; design scenarios of threats based on climate
data;

3. Consequences and Assets: Outline potential consequences; catalog critical assets;

4. Adaptation Planning: Inventory current actions that provide resilience; design adaptation
plans; and

5. Risk Assessment: Assess risk from a changing climate; compare risk reduction of adaptation
plans.

Visit CRWU’s Training and Engagement Center to view CREAT's Welcome Video as well as the
How-To Videos for completing its Modules.

Related
Information

CREAT methodology
guide

Access CREAT data
CREAT Training Videos
CREAT Climate

Scenarios Projection
Map (3

Streamflow Projections
Map

EPA National
Stormwater Calculator




Climate stressors and

hazards of concern T e -
: : | | P LAl NORTH '

Climate stressors of concern include | LARE SunERId

heat and intense precipitation (both rain 2l I, UPPER PENINSULA

and snow) OF MICHIGAN
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Climate hazards of concern include
watershed flooding and nuisance |
ﬂood |n g """"" Change in Average Annual

Precipitation

Costont i Central Warm/ B ‘
Dry Wet v

2035 0.7% 3.3% 6.8%
2060 1.3% 6.4% 13.3%
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US EPA’s CREAT Climate Change
Scenarios Projection Map
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https://epa.maps.arcgis.com/apps/MapSeries/index.html?appid=3805293158d54846a29f750d63c6890e
https://epa.maps.arcgis.com/apps/MapSeries/index.html?appid=3805293158d54846a29f750d63c6890e
https://epa.maps.arcgis.com/apps/MapSeries/index.html?appid=3805293158d54846a29f750d63c6890e

Climate stressors and hazards of concern

CLIMATE CHANGE SCENARIOS
(SOUTH-CENTRAL WISCONSIN)

HOT/DRY CENTRAL m

CHANGE IN 100-YEAR STORM INTENSITY

STORMY

SCENARIO

CHANGE IN AVERAGE ANNUAL 2035 3.5°F(1.9°C) | 2.9°F(1.6°C) | 2.6°F (1.4°C)
TEMPERATURE 2060 6.8°F (3.8°C) | 5.7°F(3.2°C) | 5.1°F (2.8°C)
2035 1 1 1
NUMBER OF DAYS OVER 100° F (55.5° C)
2060 5 3 3
CHANGE IN AVERAGE ANNUAL 2035 0.7% 3.3% 6.8%
PRECIPITATION 2060 1.3% 6.4% 13.3%

LESS STORMY

TS ey



Climate stressors and hazards of concern
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In all cases, projections are for warmer, wetter weather

Predicted heat increase of 5.1-6.8 degrees F by 2060

* Designers of electrical and mechanical systems may
conclude that following current codes and standards may

be satisfactory
Predicted increase in 100-year storm intensity of 6.9-

19.5 percent
* Must be considered in structural design and flood risk

Climate stressor projections do NOT show the

potential for extreme weather events that

could overwhelm project components
designed using current codes and standards
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LESS CHANCE
FOR COLD
WEATHER

AVERAGE

INCREASED THERMAL ENERGY IN
THE ATMOSPHERE LEADS TO MORE
EXTREME WEATHER EVENTS

CLIMATE CHANGE

MUCH MORE
HOT WEATHER

Stationarity

The US EPA defines extreme
weather as rarer than the 10
percent or 90 percent
probability density function

Non-stationarity

Weather events currently
considered to be extreme are
likely to become more
commonplace



What are the system and component

vulnerabilities?

POTENTIAL FOR
STRUCTURAL COLLAPSE
FROM RAINWATER OR
SNOW LOADS

POTENTIAL FOR
POOLING
RAINWATER ON
FLAT ROOFS




What are the system and component
vulnerabilities?

POTENTIAL FOR
OVERTOPPING

POTENTIAL FOR N y
NUISANCE RN |

FLOODING POTENTIAL FOR
WALL
INSTABILITY

POTENTIAL FOR
UNDERSEEPAGE
AND PIPING




CLIMATE STRESSOR

HEAT

Mechanical and
electrical equipment

Equipment malfunction
Equipment overload

HAZARDS SCREENING, WATER TREATMENT PLANT, WISCONSIN

THREAT PROJECT POTENTIAL POTENTIAL FAILURE | CONSEQUENCES OF
LEVEL COMPONENT VULNERABILITY MODES FAILURE

Energy inefficiency
Equipment failure

Cost of service
interruption

Cost of retrofit, repair, or
reconstruction

INTENSE RAINFALL

Roof system
Roof drainage
Building structure

Roof pooling
Structural overload

Roof leakage
Roof collapse

Cost of service
interruption

Cost of retrofit, repair, or
reconstruction

SNOW AND ICE

CLIMATE HAZARD

NUISANCE FLOODING

Roof system
Roof drainage
Building structure

Electrical/mechanical
equipment

Internal drainage
system

Parking lot pavement

Snow melt/roof ponding
Structural overload
lce dams/pooling

Internal drainage
system overload
Pavement/subgrade
damage

Roof leakage
Roof collapse

System malfunction
System failure

Internal drainage
system failure

Pavement damage
Pavement failure

Cost of service
interruption

Cost of retrofit, repair, or
reconstruction

Cost of service
interruption

Cost of retrofit, repair, or
reconstruction

WATERSHED
FLOODING

Floodwall

Inadequate height of
floodwall

Floodwall instability
Underseepage

Site flooding from:
Overtopping
Floodwall
collapse
Piping failure

Cost of service
interruption

Cost of retrofit, repair, or
reconstruction




HEAT

Mechanical and
electrical equipment

Equipment malfunction
Equipment overload

HAZARDS SCREENING, WATER TREATMENT PLANT, WISCONSIN

|
THREAT PROJECT POTENTIAL POTENTIAL FAILURE | CONSEQUENCES OF
LEVEL COMPONENT VULNERABILITY MODES FAILURE
|

Energy inefficiency
Equipment failure

Cost of service
interruption

Cost of retrofit, repair, or
reconstruction

INTENSE RAINFALL

Roof system
Roof drainage
Building structure

Roof pooling
Structural overload

Roof leakage
Roof collapse

Cost of service
interruption

Cost of retrofit, repair, or
reconstruction

Bnonf svustam

Snnw maltirnnf nondinn

Cost of service

Cost of service
HEAT Mechanical and Equipment malfunction | Energy inefficiency interruption
electrical equipment Equipment overload Equipment failure Cost of retrofit, repair, or
reconstruction
Cost of service
Roof system . . .
f
INTENSE RAINFALL Roof drainage rrifrmn i S L interruption ,
Buildi truct Structural overload Roof collapse Cost of retrofit, repair, or
e s reconstruction
T Pavement failure
Inadequate height of Site flooding fmnjl: Cost of service
WATERSHED floodwall * Overtopping interruption

FLOODING

Floodwall

Floodwall instability
Underseepage

¢ Floodwall
collapse
Piping failure

Cost of retrofit, repair, or
reconstruction



CLIMATE STRESSOR

HAZARDS SCREENING, WATER TREATMENT PLANT, WISCONSIN

THREAT PROJECT POTENTIAL POTENTIAL FAILURE | CONSEQUENCES OF
LEVEL COMPONENT VULNERABILITY MODES FAILURE

Cost of service

Morhanicral and al=laal afficiency ntorrintion
Electrical/mechanical System malfunction
equipment Internal drainage System failure Cost of service
- system overload Internal drainage interruption
Lo B 22 - :;}:{:;l (ege Pavement/subgrade system failure Cost of retrofit, repair, or
: damage reconstruction
Parking lot pavement g Pavement dgmage i
Pavement failure
| ROOT system Snow melt/root ponding —
SNOW AND ICE H Roof drainage Structural overload Roof leakage Interruption

CLIMATE HAZARD

Building structure

Electrical/mechanical

lce dams/pooling

Internal drainage

Roof collapse

System malfunction
System failure

Cost of retrofit, repair, or
reconstruction

Cost of service

equipment . . :
NUISANCE FLOODING H Internal drainage system overload Internal dralnage interruption
svstern Pavement/subgrade system failure Cost of retrofit, repair, or
F’B;rking lot pavement damage Pavement damage reconstruction
Pavement failure
Inadequate height of =i floo(;l:’ngﬂfrnn:l: Cost of service
e85 s l2h H | Floodwall floodwall " Floodwall interruption
FLOODING Floodwall instability R Cost of retrofit, repair, or
Underseepage cotapse reconstruction

e Piping failure




DESIGN AND
IMPLEMENT ADAPTIVE

ANALYZE

MANAGEMENT PLAN
LIFE-CYCLE '

COSTS

PERFORM
- RISK ANALY SIS




Analyzing risk

Hazards screening identifies:

» Potential failure modes from changing
climate stressors

« Consequences of failure

Estimate the probability of failure

Calculate the risk
Risk = probability x consequences

How do we estimate probability

under conditions of non-stationarity?

4. PERFORM
RISK
ANALYSIS
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PROBAEBILITY
0.1

2000-2009

1960-1969

10
RETURN TIME (YEARS)

https://nap.nationalacademies.

org/download/21852

WESTERN RUSSIA, 2010

HEATWAVE EXCEEDED AVERAGE
TEMPERATURES BY > 5°C

33-YEAR RETURN TIME

99-YEAR RETURN TIME


https://nap.nationalacademies.org/download/21852
https://nap.nationalacademies.org/download/21852

=

P =T .
DIrop ab | I |ty = | The scenario approach is vulnerable to “too-
- small” thinking, exploring only changes that
appear realistic rather than extreme conditions.
Gerry Galloway, University of Maryland

EXPERT ELICITATION
LIKELIHOOD
OF FAILURE ESTIMATED LIKELIHOOD
REMOTE F < 1/1,000,000

F <1/100,000

F <1/10,000
MODERATE |

|

Sl 4. PERFORM
RISK

VERY HIGH F > 1/1,000 ANALYSIS

https://iwrlibrary.sec.usace.army.mil/searchRes
ults?series=Best%20Practices-Manual



https://iwrlibrary.sec.usace.army.mil/searchResults?series=Best%20Practices-Manual
https://iwrlibrary.sec.usace.army.mil/searchResults?series=Best%20Practices-Manual

ditions?

nat actions can reduce risk now or In

6. MAKE
DECISIONS
AND APPLY
RESULTS

eliminate risk: Is the

y A [ ol |

| L.

4. PERFORM |
RISK '

. ANALYSIS



alternatives

tall electrical and mechanical

equipment that can easily be
upgraded

se conservative designs

R00f drainage system to reduce
Ing on flat roofs

structure to support unusual

6. MAKE
DECISIONS
AND APPLY
RESULTS

4. PERFORM

ANALYSIS



Adaptation alternatives (contd.)

Provide for aggressive roof and

parking lot drainage system
maintenance

Overbuild the foundation for the
floodwall so that, if required, the wall
could be raised

Use a cutoff wall even if it's not needed
based on current conditions to reduce
the chance of a piping failure




J adaptation alterne

Which is more cost-effective?
» Use conservative designs for weather
extremes that may or may not occur

Use current codes and standards and
dapt as required

econstruction to fix damaged
will disrupt service and

6. MAKE
DECISIONS
AND APPLY
RESULTS

4. PERFORM

ANALYSIS



cost analysis

daptation options
Over-build now?
Retrofit later?

ife-cycle cost analysis

nables comparing economic performance of
native designs over the project’s life

S initial investment plus long-term

ation as well as costs to repair,

6. MAKE
DECISIONS
AND APPLY
RESULTS

4. PERFORM
RISK ‘
ANALYSIS




Monitor and Revisit

Ignoring climate change and doing
business as usual is faith-based
engineering

7. MONITOR
AND REVISIT

However, assuming worst-case conditions
may be imprudent and wasteful

Adaptative management enables adjusting
to conditions that differ from the best
predictions of changing climate stressors

Continuing with business as usual
and hoping for the best outcome is

faith-based engineering




Adaptive management plans are Exploration
like the Observational Method

Design for most
likely condition;
—> contingency
designs for other
conditions

Construction

Performance
Monitoring during
Construction

KARL TERZAGHI




Adaptive management plans

Provide a flexible decision-making

A 1. PLAN 2. EXECUTE

Designed to achieve specified Estimate how climate Seek ways to improve
h ] stressors may affect resiliency and
objectives

performance performance
Use ongoing knowledge acquisition, ’ ?\\

monitoring, and evaluation >
Enable continuous improvements in ‘ ’
project implementation 4. ACT 3. MONITOR

Take pre-planned Observe changes in

actions to improve climate stressors and

performance determine thresholds for
taking action

=




Devising an adaptive management plan

Risk analysis

« Establishes performance expectations 1. PLAN 2. EXECUTE
« Guides future adaptation Estimate how climate Seek ways to improve
_ _ _ stressors may affect resiliency and
The future is uncertain — climate performance performance
stressors will likely differ from best 7
predictions e
iy

An AMP requires

component performance 4. ACT i ‘MONITOR

* A plan to monitor climate stressors and

. ion i i+ - Take pre-planned Observe changes in
A plan of action if conditions differ Rl e izl il g b
* The resources to monitor performance determine thresholds for

taking action
* The thresholds for action

The resources to act, if required

o, e =

i




ADAPTIVE MANAGEMENT PROGRAM

PROJECT
COMPONENT

POTENTIAL
VULNERABILITY

MONITORING NEEDS | POSSIBLE ACTIONS

Temperature and

CLIMATE STRESSOR |

Upgrade or replace

Mechanical and

Equipment malfunction

temperature trends

equipment to increase

= electrical equipment Equipment overload Equipment performance | capacity and improve
Energy efficiency efficiency
Extreme rainfall events | Repair drains
hee v Roof poolin Drai int diblf] int
INTENSE RAINFALL Roof drainage p g rain maintenance an mprove maintenance
e Structural overload performance Retrofit structural
Building structure
Structural performance | system
Roof system Snow melt/roof ponding Extr.eme .ra,:nfall eventz :eralr draln_st
SNOW AND ICE Roof drainage Structural overload S el Sh e el

CLIMATE HAZARD

NUISANCE FLOODING

Building structure

Electrical/mechanical
equipment
Internal drainage

Ice dams/pooling

Internal drainage
system overload

performance

Structural performance

Extreme rainfall events

Drainage system
maintenance and

Retrofit structural
system

Repair or replace
drainage system

system Pavement/subgrade performance Repair or replace
: damage Pavement system and pavement
Parking lot pavement
performance
Inadequate height of Elxot ;Zn:z r?:;lerl]:vents Raise wall
WATERSHED e floodwall L 05 Reinforce wall
FLOODING Floodwall instability

Underseepage

Wall performance
Seepage

Add seepage control
measures




CLIMATE STRESSOR

HEAT

ADAPTIVE temperature and

PROJECT
COMPONENT

Mechanical and
electrical equipment

temperature trends
Equipment performance
Energy efficiency

Upgrade or replace
equipment to increase
capacity and improve
efficiency

INTENSE RAINFALL

Roof system
Roof drainage
Building structure

Extreme rainfall events

Drain maintenance
and performance

H Structural performance

Repair drains
Improve maintenance

Retrofit structural
system

SNOW AND ICE

CLIMATE HAZARD

NUISANCE FLOODING

Roof system
Roof drainage
Building structure

Electrical/mechanical
equipment

Internal drainage
system

Parking lot pavement

Extreme rainfall events

Drain maintenance and
performance

Structural performance

Extreme rainfall events

il Drainage system

maintenance and
performance
Pavement system and
performance

Repair drains
Improve maintenance
Retrofit structural

| system

Repair or replace
drainage system
Repair or replace
pavement

WATERSHED
FLOODING

Floodwall

Extreme rainfall events

| Flood depths and

frequency
Wall performance

| Seepage

Raise wall
Reinforce wall

Add seepage control
measures

IBLE ACILIONS

le or replace
ent to increase
y and improve

CY

drains
e maintenance
r structural

drains
e maintenance
structural

or replace
e system
pr replace
pnt

all
e wall

epage control
es

l TTTPOgT




PROJECT
COMPONENT N

CLIMATE STRESSOR

HEAT

ADAPTIVE MANAGEMENT PROGRAM

Mecha
electric:

INTENSE RAINFALL

Roof s
Roof dr :
Building structure

NEED

OVER-BUILD IN
ADVANCE OF

POTENTIAL

fjgrade or replace
[ uipment to increase
: aCIty and improve

FOUNDATION
| DESIGNED TO
ACCOMMODATE

nce

SNOW AND ICE

CLIMATE HAZARD

NUISANCE FLOODING

Roof system
Roof drainage
Building structure

Electrical/mechanical
equipment

Internal drainage
system

Parking lot pavement

A HIGHER WALL

#prove maintenance

® " pair or replace
inage system
Pav¢ i
da

WATERSHED
FLOODING

Floodwall

Inad)se
floog ,
Floou . e
Underseepage

Wall performance

measures
Seepage
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How can we motivate action?
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It's the right thing to do.

Most owners and stakeholders may not care.

Considering climate change is not yet standard
practice.

The risk to future generations if we don'’t take climate
change seriously.

The Tragedy of the Horizon: “The impact of climate
change is ... beyond the time horizon of most
policymakers diminishing their urgency to act.”

While an altruistic consideration, the tragedy of the
horizon hampers action.

Here's the real tragedy: The effects of climate change
are happening now and will only worsen in the future.

The potential for cost savings from creative and
sustainable solutions.

May be seen as more conservative and more costly.

Need to overcome the mindset of basing decisions on '
lowest first cost.

Fear of claims and litigation arising from the adverse
effects of climate change on project performance.

The default standard of care is based on adherence to
current codes, standards, and design guidelines.

Will the standard of care evolve as the changing
climate degrades infrastructure performance and
imperils public safety?




Potential ramifications for the design engineer

Negligence, failure to meet the standard of care

Claims by the client
« Failure to adapt to changing climate stressors

 |naccurate estimates of the elevation and duration
of flooding

* Inadequate floodwall design

« Structural damage (under-design)

« Inadequate drainage design

« Consequential damages

Third-party claims

* Injury or death (e.g., structural collapse)
« Slip-and-fall

* Personal damages




In ongoing legal battle, judge says I-12
barriers contributed to 2016 flooding in
Walker

Jeremy Krail
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: COLLISIONS ' : =8 ACTEDAS DAM

The 2016 “no-name” storm caused three times the

rainfall that occurred during Hurricane Katrina



In ongoing legal battle, judge says I-12
barriers contributed to 2016 flooding in
Walker

Storm estimated to be a 1000-year rainfall event

Median barrier on I-12 acted as a dam ponding runoff that
flooded Walker

$20 billion in damages

A 2020 ruling concluded that design firms can be sued for
negligence even though the barrier was built to state
standards (50-year storm event)




Subdivision Community
April 6, 2018

423 Residential Homeowners File Suit Against
Costello, Inc. For Faulty Design Of The Riverstone

Flooding in the wake of Hurricane Harvey

Claim filed against designer of levee and
pumping systems

Design based on 100-year base flood
elevation

Plaintiffs claimed that design failed to
consider five previous events with greater
rainfall

Hurricane Harvey was the third 500-year
event in three years






HAZARDS SCREENING

THREAT PROJECT POTENTIAL
LEVEL COMPONENT VULNERABILITY MODES FAILURE
GEOLOGIC HAZARD |
EARTHQUAKE
EXPANSIVE SOIL
LIQUEFACTION
SLOPE INSTABILITY
SUBSIDENCE
HEAT
INTENSE RAINFALL

Putting it all together...

Open the conversation on climate
change

SEALEVEL RISE

Screen for hazards (geologic, SNOWAID 7.monmor ) LSET

climate stressors, and climate ANDREVIST - AND DEFINE
hazardS) LANDSLIDE

DROUGHT

NUISANCE FLOODING

PERMAFROST THAW EE%?;?E NS 2. COMPILE
i 1 : SEVERE EROSION AND

Identify adaptation alternatives SECET AND APPLY o

WILDFIRE R DATA

TR

Perform risk and life-cycle cost
analyses

Select preferred alternative 4. PERFORM

ANALYSIS

Prepare and implement an
adaptive management plan

e L |}



The climate is changing...

Heat retained by GHGs is causing a Non-stationarity is the new reality and the future
climate crisis IS uncertain

Weather extremes, wildfires, and sea level Some building codes and policy-driven

rise are affecting the performance and standards may no longer be reliable

reliability of infrastructure _ _
Blindly following codes, standards, and current

Climate change effects on infrastructure practices may no longer result in safe and
threaten the public’s health, safety, and reliable performance
welfare

Keep calm, many practices won’t change
Geotechnical engineers have a special
responsibility because we design and build
the infrastructure that shapes the way that
people live



Like it or not...

The climate crisis is an emergency and a
game-changer for geotechnical engineers

Enhance knowledge, skills, and attitudes
Recognize ethical responsibilities

Bring climate change into every
conversation

Consider climate change in every project

Seize opportunities to advise clients about
the effects of a changing climate

Apply risk and life-cycle cost analyses and
adaptive management

Design and build for the right outcomes

Stress test all projects against a wide range of

climate extremes
Improve awareness of potential liability

Refuse business as usual
« Avoid faith-based engineering

« Don’t work for climate deniers
Embrace radical change

Share your successes (and your setbacks)



LAWRENCE H. ROTH, PE, GE, BC.GE, BC.WRE, FASCE
Consulting Engineer

C 916.740.0930
e Ihroth@msn.com



mailto:larry.roth@arcadis.com
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