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Agenda

Time Agenda Item

10:00-10:30am Welcome, Intros, Review of progress to date & Charge for Mtg. #3

10:30-11:00am N. Diffenbaugh: Understanding, Reducing & Estimating Uncertainty

11:00-12:00pm Panel Discussion: Planning for, Deciding despite & Managing Uncertainty

12:00-12:30pm Extracting Preliminary Lessons

12:30-1:30pm Lunch

1:30-2:30pm Working Through Specific Examples: Information Needs & Barriers to Use

2:30-3:00pm Extracting Additional Lessons

3:00-3:45pm Selecting Appropriate Engineering Designs in the Face of Uncertainty

3:45-4:00pm Wrap-up: Review, Next Steps

4:00 Adjourn



AB 2800 (Quirk): Purpose

Examine how to integrate scientific data concerning projected climate 
change impacts into state infrastructure engineering, including 
oversight, investment, design, and construction.

Climate Change 
Impact Science

Engineering 
Standards, Project 

Planning and Design

Project Construction 
and Maintenance 

Project Decision Making



AB 2800 (Quirk):
Scope of Assessment and Recommendations

The working group shall consider and investigate, at a minimum, the 
following issues:

(1) The current informational and institutional barriers to integrating 
projected climate change impacts into state infrastructure design.

(2) The critical information that engineers responsible for infrastructure 
design and construction need to address climate change impacts.

(3) How to select an appropriate engineering design for a range of 
future climate scenarios as related to infrastructure planning and 
investment.



AB 2800 (Quirk): 
Additional Scope of Recommendations 

(A) Integrating scientific knowledge of projected climate change 
impacts into state infrastructure design.

(B) Addressing critical information gaps identified by the working 
group.

(C) A platform or process to facilitate communication between climate 
scientists and infrastructure engineers.



Project Timeline

January February March April May June July August September. . . . . . 

Mtg #1 Mtg #2 Mtg #3 Mtg #4 Mtg #5 Mtg #6

Report due
to Legislature

Global Climate 
Action Summit
San Francisco
9/12-14

Focus & 
Bound

Deliberate Deliberate Deliberate
Draft

Report
Review & 

Revise
Finalize 
Report

Deliver
Report

Outreach

✔ ✔



Meeting Dates, Locations, Topics & Tasks
Mtg Dates Locations Topics and Tasks

1 1/18 Sacramento Determine project goals; WG structure and process

2 2/12 Los Angeles Identify relevant infrastructure, sector-specific infrastructure standards, climate-
sensitivity, information needs

3 3/13 San Francisco Linking forward-looking climate science and impacts information with 
standards, codes, certifications throughout infrastructure life cycle, identify 
barriers to information use and potential ways to overcome them

4 4/11 Sacramento Sector-specific design standards and cross-sector interdependencies

5 5/9 San Diego Governance of setting/changing design standards; non-standard strategies to 
ensure climate-safe infrastructure; deliberation of draft report; agree on 
refinement needs

6 6/20 Sacramento Agree on final report revisions; delivery and outreach/promotion; project debrief



Measuring progress

Define WG goals

Identify relevant infrastructure, sector-specific 
standards, and climate info needs

Link climate science to infrastructure 
design/implementation/O&M & Barriers

Identify cross-sector interdependencies

Consider governance & implementation 

Report to Legislature & SGC

Continue post-release outreach
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The Arc of Our Work

• Identify, prioritize climate-
sensitive infrastructure;

• Agree on definitions
• Prioritize relevant 

standards, codes, 
guidelines; 

• Identify information needs

• Connect engineers’ 
information needs with 
climate science; 

• Identify barriers to 
information use, solutions

• Work through concrete 
examples

• Refine information needs 
when considering cross-
sector interdependencies

• Refine prioritization 
• Consider comprehensive 

approaches to climate-
safe infrastructure

• Goal setting
• Rules of 

engagement

Meeting 1 Meeting 2 Meeting 3 Meeting 4

: The Forward Look



Working Backwards from the Final Product

A Set of Project Findings

• The infrastructure considered in the 
work of the WG 

• Opportunities for state to affect how 
and where infrastructure is built

• Opportunities for integrating science 
into infrastructure design

• Critical information needs of 
infrastructure engineers to address CC 
impacts.

• Critical information gaps

• Informational and institutional barriers 
to integrating projected climate change 
impacts into state infrastructure design

• Ways to select an appropriate 
engineering design for a range of future 
climate scenarios as related to 
infrastructure planning and investment.

A Set of Recommendations
• Policy recommendations of how to 

encourage forward-looking infrastructure 
planning and design

• Procedural recommendations to affect 
climate-safe infrastructure development 
process (from planning, design, approval, 
construction to monitoring)

• Principles to guide infrastructure 
development, maintenance, repair to build 
equitable, climate-resilient infrastructure

• Available tools and information sources to 
use

• Recommendations on how to 
lower/overcome barriers to information use

• Research recommendations to fill 
information gaps

• Recommendations on capacity 
building/professional development

Meeting 1

Meeting 2

Meeting 5

Meeting 3

Meeting 4

Meeting 6



Today’s Focus

A Set of Project Findings

• The infrastructure considered in the 
work of the WG 

• Opportunities for state to affect how and 
where infrastructure is built

• Opportunities for integrating science 
into infrastructure design

• Critical information needs of 
infrastructure engineers to address CC 
impacts.

• Critical information gaps

• Informational and institutional barriers 
to integrating projected climate change 
impacts into state infrastructure design

• Ways to select an appropriate 
engineering design for a range of future 
climate scenarios as related to 
infrastructure planning and investment.

A Set of Recommendations
• Policy recommendations of how to 

encourage forward-looking infrastructure 
planning and design

• Procedural recommendations to affect 
climate-safe infrastructure development 
process (from planning, design, approval, 
construction to monitoring)

• Principles to guide infrastructure 
development, maintenance, repair to build 
equitable, climate-resilient infrastructure

• Available tools and information sources to 
use

• Recommendations on how to 
lower/overcome barriers to information use

• Research recommendations to fill 
information gaps

• Recommendations on capacity 
building/professional development

Meeting 1

Meeting 2

Meeting 5

Meeting 3

Meeting 4

Meeting 6



Charge for Meeting #3: 

• Task 1: Assess possibilities and limits for linking forward-
looking climate science and impacts information with 
standards, codes, certifications throughout infrastructure 
life cycle

• Task 2: Identify information gaps/research needs

• Task 3: Identify barriers to information use and possible 
ways to work around or overcome them

• Task 4: Explore approaches to select appropriate 
engineering designs in light of a range of different climate 
futures



Time Agenda Item

10:00-10:30am Welcome, Intros, Review of progress to date & Charge for Mtg. #3

10:30-11:00am N. Diffenbaugh: Understanding, Reducing & Estimating Uncertainty

11:00-12:00pm Panel Discussion: Planning for, Deciding despite & Managing Uncertainty

12:00-12:30pm Extracting Preliminary Lessons

12:30-1:30pm Lunch

1:30-2:30pm Working Through Specific Examples: Information Needs & Barriers to Use

2:30-3:00pm Extracting Additional Lessons

3:00-3:45pm Selecting Appropriate Engineering Designs in the Face of Uncertainty

3:45-4:00pm Wrap-up: Review, Next Steps

4:00 Adjourn

Agenda



Response to Identified Information Needs: 
Understanding, Reducing & Estimating Uncertainty

• Meeting #2 compilation of 
• Types of infrastructure
• Types of climate information 

currently used/needed in future

• What climate science can and 
can’t do at this time

• What is in the works and what 
will remain elusive

Noah Diffenbaugh, Ph.D.
Stanford University
CSIWG Member



Agenda
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3:30-3:45pm Selecting Appropriate Engineering Designs in the Face of Uncertainty

3:45-4:00pm Wrap-up: Review, Next Steps

4:00 Adjourn



The Core of the Challenge

What happens when you ask 
an engineer to design to a 
number that can’t be given?
• Not one number but range of 

possible values

• Available probabilities are conditional 
on emission pathways

• Some aspects known so incompletely 
that probabilities can’t be given at all



Charge to Panel: 
Planning for, Deciding despite & Managing Uncertainty

Give an example of when you were 
asked to build/design/upgrade 
infrastructure taking climate change 
impacts into account

• How did you choose “what number” 
to build to?

• How did you deal with missing or 
uncertain information?

• What challenges did you encounter 
along the entire pathway to a 
decision?

• How did you overcome these 
challenges?

• What helped?

Source: B.M. Ayyub (2015), Journal of Risk 
and Uncertainty in Engineering, ASME



Panel Discussion

Nate Kaufman, M.A.
Landscape Architect
Living Edge Adaptation 
Project

Bob Battalio, P.E.
Chief Engineer
ESA Associates

Steve Reel, M.Eng.
Project Manager
Port of San Francisco

Kit Batten, Ph.D.
Climate Resilience Chief
PG&E

John Thomas, P.E.
City Engineer
City of San Francisco
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Brief Exercise

What did you hear about…

1. What the most challenging 
uncertainties were?

2. What the barriers were to 
planning/deciding/acting in 
the face of them?

3. What helped to overcome 
them?



Opportunity for Public Comment 



Lunch

12:30-1:30pm
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Working Through a Couple of Examples

Energy Efficient AC Units
(Martha Brook, CEC)

Highway 37 Improvement
(Gurdeep Bhattal, DOT)

EXPOSURE TO CLIMATE STRESSORS

CURRENT STANDARDS, REGULATIONS, CODES, 
GUIDELINES

NEEDED CHANGES

INFORMATION FOR PLANNING, DESIGN, 
BUILDING, OPERATION ETC.

BARRIERS TO USING FORWARD-LOOKING 
CLIMATE INFORMATION

WORK-AROUNDS



Weather Data for 
Building System Design
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1. Exposure to climate stressors

A. Relevant weather parameters

B. Impacts of climate change

➢ Extreme temperatures

➢ Changes in diurnal and seasonal temperature patterns

➢ Humidity, wind, solar radiation changes – magnitudes & 

patterns

➢ Outdoor temperatures, solar radiation, wind speed / 

direction

➢ Diurnal and seasonal patterns
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➢ ASHRAE Handbooks (Guidelines)

➢ Design day outdoor temperatures

➢ ASHRAE Std 55: Indoor design temperature and humidity conditions 

for general comfort

➢ Building heating & cooling load calculations & HVAC system sizing 

procedures

➢ Title-24, Part 6 (CA Building Energy Efficiency Standards)

➢ Requirements for load calcs & HVAC sizing procedures, consistent 

with ASHRAE

➢ Hourly & design day weather data used to model building energy use 

– part of code compliance process

➢ US DOE Appliance Energy Efficiency Standards

➢ Equipment test procedures include specific seasonal and extreme 

temperature/humidity levels (e.g. SEER and EER)

2. Current Standards, etc. for Design
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➢ ASHRAE Handbooks (Guidelines)

➢ Standards & Handbooks update scope & frequency driven by 

volunteer participation in ASHRAE committees – so “it depends”

➢ Title-24, Part 6 (CA Building Energy Efficiency Standards)

➢ Updated on triennial cycle: 2017, 2020, 2023, …

➢ US DOE Appliance Energy Efficiency Standards

➢ Politically dependent – so “not much lately”

2. Design Standards/Guidelines –

historical reference period
➢ Hourly weather data: last 10 years

➢ Design Day temperature data: last 50 years?

2. Design Standards/Guidelines –
frequency of updates
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3. Needed Changes:
Future-ize weather data
➢ Design day temperature data

➢ Hourly weather data (temperature, humidity, solar radiation, 

wind, etc.)

3. Needed Changes:

Establish additional equipment performance 

test conditions that capture future weather 

expectations (e.g. more extreme temps)

➢ Title-24 could require full performance curve information be 

used for HVAC sizing & energy use calcs
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4. Information used; information 
needed
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➢ See slide 3

A. Climate data used in building system design

B. Uncertainties
➢ Yes.  Generally handled with application of “safety factors” 

– e.g. oversizing HVAC equipment by x%

➢ Building industry needs to get much better at including 

uncertainty into design decisions

C. Availability of forward-looking data

➢ No, need to translate climate change models ->> hourly & 

design day weather statistics

4. Information used; information 
needed
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➢ US DOE sets test conditions for equipment efficiency 

ratings; states cannot require different tests for “federally 

covered products”

A. Rules preventing use of forward-looking data

B. Other barriers

➢ Need future data in standard design day and hourly 

weather formats

➢ Lack of precedent, standards, guidelines

➢ Risk aversion

5. Barriers



Highway-37, Counties of Marin, Sonoma,& 

Solano



Assume the Highway is to be widened from 2 lanes to 4.

• Vulnerability Assessment identified Hwy-37 is expected to be 
impacted by SLR, Temperatures, Precipitation, Storm Surge

• For SLR the COSMOS model was selected 

• Service life of the highway is assumed to be 50-years

• Determine SLR for Year 2070



SLR MODELS

• US Army Corps of 
Engineers (USACE)

• National Research 
Council

• Scripps

• Coastal Storm Modeling 
System (CoSMoS)



DATA VARIATIONS
Variation between Models

Variation within models RCP 4.5 to 8.5 ranges from 2.5-feet to 
6.5 feet

DRAWBACKS OF DATA VARIATIONS
Design Costs multiply as more conservative values are selected
Project costs increase several fold as more conservative SLR 
values are selected
Environmental mitigation costs multiply with higher estimates 
of SLR





SEA LEVEL RISE 1-m (3.28-ft) segments impacted
Use Low Probability/High Estimate SLR (RCP 8.5) 

Impact Mrn-37 
PM 11.5 /13.65

Impact Son-37 
PM 0.0 to 2.6

Impact Son-37 
PM 4.06 / 6.2

Impact Sol-37 
PM 7.0 / 7.2



Storm Surge plus 1-m (3.28-ft) SLR

Storm Surge impacts on bridges



Asphalt Pavement Typical Service Life is 20-years.  
32 Global Climate Models (GCM) were downscaled by Localized Constructed Analogs (LOCA) methodology

California State agencies selected 10 models for use.  4 Representative Concentration Pathways (RCP) were 
developed to reflect assumed GHG emission scenarios
RCP 2.6 assumes global annual GHG emissions will peak in the next few years and then begin to decline
RCP 4.5 assumes global annual GHG emissions will peak around 2040 and then begin to decline
RCP 6.0 assumes global annual GHG emissions will peak around 2080 and then start to decline
RCP 8.5 assumes that high GHG emissions will continue increasing steadily to the end of the century.

Localized Constructed Analogs (LOCA) developed by Scripps for 30-year period temperatures, 2025, 2055 
and 2085.  Use temperatures for 2055 for evaluating pavement materials

Data Variations
RCP assumptions reflect large variations in data.  RCP data needs to be consolidated to a single assumption 
which can be used for design purposes.



Average Minimum Temperature – 2055
Average minimum temperature expected to be 3.50 F higher



Average 7-day Maximum Temperature – 2055
Average 7-day average temperature expected to be 50 F higher



Caltrans Pavement Climate Regions



HISTORICAL PRECIPITATION DATA
NOAA Atlas 14 used for runoff calculations.  Historical rainfall data estimated for 
time periods ranging from 5 minutes through 60 days.

FORWARD LOOKING PRECIPITATION DATA
Data estimated for RCP 4.5 and 8.5 emission scenarios over 3 time periods 2025, 2055 
and 2085.  Models analyzed to determine magnitude of rainfall depth for a 100-year 
storm event. 

ADDITIONAL DATA NEEDS
Percentage increase in precipitation in NOAA Atlas 14 for various time intervals and 
projected time periods



Percent Change in 100-yr Precip depth- 2085
Marin/Sonoma 6 % increase, Sonoma/Solano 4% increase

Will require additional runoff storage 
facilities, conveyance facilities, pumping 
facilities.



Alternative 1 Raise Roadway profile by 4-ft
Armor sea-side of embankment to act as a levee

Expected overtopping of highway at 
existing elevation

Roadway elevated with armored 
embankment



Advantages and Disadvantages

Advantages

• Roadway elevated above the 
projected sea level

• Areas on the land side protected 
from sea 

Disadvantages

• Additional runoff storage, 
conveyance and pumping 
facilities

• Potential ecological systems 
imbalance

• Additional structures for 
preventing flooding of existing 
low lying areas



Alternative-2 Build a Viaduct



Alternative 3 Realign Highway on levee along the coast



Work in Sector Break-Out Groups
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Reporting Back and Lessons

What did you hear about…

1. What needs to change?

2. The toughest barriers?

3. The most promising ways to 
overcome them?



Opportunity for Public Comment
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Selecting Appropriate Engineering Designs
in Light of Uncertain Climate Futures

“How to select an appropriate engineering design for a range of future 
climate scenarios as related to infrastructure planning and investment.”



Debrief

Insights about accounting for 
an uncertain future throughout 
the infrastructure life cycle?



Opportunity for Public Comment
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RESPONSE TO 
INFORMATION 

NEEDS

MAKING 
DECISIONS IN THE 

FACE OF 
UNCERTAINTY

BARRIERS TO USING CC INFO, 
CHANGING GUIDELINES, 

STANDARDS & CODES
OPPORTUNITIES TO ACCOUNT FOR 
UNCERTAINTY IN INFRASTRUCTURE

DESIGN

NEXT 
STEPS

Review of the Day



We Recommend…

National Academies of Science, Engineering & Medicine
Board on Environmental Change and Society
March 1, 2018 Seminar

“Communities in Harm's Way: Addressing 
Environmental Change and Extreme 
Weather Events”

http://sites.nationalacademies.org/DBASSE/BECS/DBAS
SE_184748
(Slides will be posted)

https://vimeo.com/15776471

Decision-scaling: A Decision Analytic Approach to Using 
Climate Information

Casey Brown, PhD, PE from University of Massachusetts

http://agwaguide.org/about/EEDS/index.html#welcome

Managing Risk and Uncertainty for Water and the 
Environment (Introduction to decision-scaling and
eco-engineering decision-scaling (EEDS))

ADAPTIVE ENGINEERING IN THE FACE OF UNCERTAINTY

http://sites.nationalacademies.org/DBASSE/BECS/DBASSE_184748
https://vimeo.com/15776471
http://agwaguide.org/about/EEDS/index.html#welcome


Next Webinar – March 21, 2018

Mobilizing the Future: Infrastructure Challenges and 
Opportunities in the TRANSPORTATION Sector

Cris Liban, Ph.D., P.E.
L.A. Metro

James Deane, AIA, CDT, 
LEED AP, PMP
High-Speed Rail Authority

Gurdeep Bhattal, P.E.
Caltrans



And Another Webinar – March 22, 2018

John Andrew, P.E.
Dept. of Water Resources

Kate White, Ph.D., P.E.
Lead, Climate Preparedness 
and Resilience Community 
of Practice
US Army Corps of Engineers

Rushing toward the Future: Infrastructure Challenges 
and Opportunities in the WATER Sector

Amir Aghakouchak, Ph.D., P.E.
UC-Irvine



Next Steps

We Will

• Continue webinar series

• Prepare meeting summary notes

• Prepare Meeting #4 
(Sacramento)

• Finalize key definitions

• [to be added over the course of 
the CSIWG meeting]

•

•

You Will

• Send in travel receipts 

• Make travel arrangements for 
April meeting (Davis/Sacramento)

• Attend and contribute to Webinar 
series

• Complete infrastructure 
homework in greater detail

• [to be added over the course of 
the CSIWG meeting]

•



Be in touch!

• To sign up to the Climate-Safe Infrastructure listserv…

• To stay up to date on CSIWG developments…

• To ask questions or send comments…

Email: Elea Becker-Lowe at Elea.Beckerlowe@resources.ca.gov or 
at climatesafeinfrastructure@resources.ca.gov

… and she will direct the inquiry accordingly.

mailto:Elea.Beckerlowe@resources.ca.gov
mailto:climatesafeinfrastructure@resources.ca.gov


Toward 

Climate-

Safe

Infrastructure

Meeting #3 of the Climate-Safe Infrastructure Working Group • San Francisco • March 13, 2018 

Thank you!


