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Building Climate Risk Assessments from Local
Vulnerability and Exposure
Overview



Why is Climate Risk Assessment Important?

« Climate change impacts and risks are
becoming increasingly complex and more
difficult to manage (IPCC AR6, 2022).

« Climate change impacts on infrastructure
vary by region.

« |dentifying at-risk assets and the types of
climate conditions that drive problematic
responses, stakeholders and scientists can
co-develop risk information to suitably
address those risks.
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https://www.ipcc.ch/report/ar6/syr/
https://commons.wikimedia.org/wiki/File:Storm_Surge,_200_miles_away_%282951065260%29.jpg

Training Learning Objectives

By following the approaches described in this fraining, participants will be able to:

Recognize the dramatic contextual nature of climate risk assessments and
adaptation planning

ldentify components of their own system that are vulnerable or exposed to
climate risks

Work with stakeholders to construct climate risk information that is useful for their
decision-making processes

Use risk information to identify adaptation strategies for implementation
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Prerequisites

« Fundamentals of Remote Sensing

 Infroduction to NASA Resources for Climate Change Applications

« Selecting Climate Chanage Projection Sets for Mitigation, Adaptation and Risk
Management Applications
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https://appliedsciences.nasa.gov/join-mission/training/english/arset-fundamentals-remote-sensing
https://appliedsciences.nasa.gov/get-involved/training/english/arset-introduction-nasa-resources-climate-change-applications
https://appliedsciences.nasa.gov/get-involved/training/english/arset-selecting-climate-change-projection-sets-mitigation-adaptation
https://appliedsciences.nasa.gov/get-involved/training/english/arset-selecting-climate-change-projection-sets-mitigation-adaptation

Training Outline

Part 1: Theoretical Framework for Part 2: Developing Climate
Demand-Driven Climate Adaptation Support for NASA
Adaptation Support Centers
Tuesday, September 19, 2023 Thursday, September 21, 2023
11:00-12:30pm and 3:00-4:30pm EDT 11:00-12:30pm and 3:00-4:30pm EDT
(UTC-4:00) (UTC-4:00)

Homework
September 21, 2023 — Due October 5, 2023 — Posted on Training Webpage

A certificate of completion will be awarded to those who attend all live sessions and
complete the homework assignment(s) before the given due date.
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Part 2 Objectives

By the end of Part 2, participants will be able to:
« |dentify how adaptation decision support theory is applied in practice

« Deepen familiarity with NASA resources and methodologies
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How to Ask Questions

* Please put your questions in the Questions box and we will address them at the
end of the webinar.

« Feel free to enter your questions as we go. We will try to address all questions
during the Q&A session after the webinar.

 The remainder of the questions will be answered in the Q&A document, which will
be posted to the training website about a week after the training.
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Part 2 - Trainers

Alex Ruane Sanketa Kadam

NASA Goddard Institute NASA GISS & Columbia
for Space Studies (GISS) University
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Developing Climate Adaptation Support for
NASA Centers




The Climate Adaptation Science Investigators Phase 2
Initiative (CASI2)

Mission: Provide the latest scientific research on climate change to help NASA facilities
managers adapt to increasing climate risks in timely and effective ways.

 CASI provides a portfolio of key current and future climate risk information for Center
managers and their regions.

 These products are co-generated and linked to decisions protecting Center assets,
infrastructure and workforce.

 Please note that CASI-2 is an ongoing initiative; we will present preliminary results
with a more formal report planned for late 2023/early 2024.

Rosenzweig et al, 2023 (in prep) Climate Adaptation Science Investigators Workgroup (CASI):
A Partnership Between Scientists and Facility Managers to Enhance Climate Resilience at NASA
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Example of Climate-Driven Impacts on NASA Facilities
2020 Bobcat Fire (Near JPL in Los Angeles County, California)

Started Sept 6, 2020, to the northeast of JPL in the San Gabriel Mountains (115,796 acres)

While the fire was most active, JPL was impacted by the smoke, particularly affecting operations from Sept 15-21.
Understanding the conditions driving these types of fires helps to interpret projections of future fire weather.

Two days of high daytime VPD with little nighttime recovery allowed for the fire to grow rapidly on September é6th.

Start of Bobcat fire, Vapor Pressure Deficit (VPD) 77 Junipets
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“ NASA ARSET - Building Climate Risk Assessments from Local Vulnerability and Exposure 12


https://earthobservatory.nasa.gov/images/147324/bobcat-fire-scorches-southern-california
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Identify in CASI Initiative

CASI Connects with Infrastructure Planners

Map Out and Identify the Stakeholders and their Mandate:
« Primary Audience/Stakeholder: Office of Strategic Infrastructure (OSl)
« Decisions being made on different time horizons

« CASIresponds directly to the U.S. Executive Order 14008 that requires all
federal agencies to develop and implement climate adaptation plans.

OFFICE OF STRATEGIC INFRASTRUCTURE

Assistant Administrator: Dr. Joel Carney

Deputy Assistant Administrator: Denise Thaller
Deputy Assistant Administrator for Business Management: Rick Marrs
Headquarters Support
Ombuds Program . rer
CAS' InTerOCTS g Services Division

with nearly all
OSlI Divisions

Facilities Real Estate Logistics Management Environmental Management

Division Division Division Management Office NASA DiViSiOﬂS
Director: Erik Weiser Director: Dr. Olivette Hooks Director: Denise Thaller (Acting)

Deputy Director: Jeff Haught Deputy Director: Vincent Cappello Deputy Director: Brendan Deyo

Space Environments Testing

Director: Mike Mastaler

NASA ARSET - Building Climate Risk Assessments from Local Vulnerability and Exposure 19 .



Identify in CASI Initiative
Establish Regular Contact with Key People

Primary Actors within Office of Strategic Infrastructure:

e Division Directors
* Master Planners, Energy Managers, Environmental Managers
« Center Managers — Points of Contact
e Why? They manage center operations with operational budget connecting
to HQ allocations.

OFFICE OF STRATEGIC INFRASTRUCTURE

Assistant Administrator: Dr. Joel Carney
Deputy Assistant Administrator: Denise Thaller
Deputy Assistant Administrator for Business Management: Rick Marrs

Headquarters Support
CASl Interacts R Services Division

with nearly all
OSlI Divisions

Facilities Real Estate Logistics Management Environmental Management
Division Division Division

Space Environments Testing o
Management Office NASA Divisions

Director: Erik Weiser Director: Dr. Olivette Hooks Director: Denise Thaller (Acting) Director: Mike Mastaler

Deputy Director: Jeff Haught Deputy Director: Vincent Cappello Deputy Director: Brendan Deyo
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Identify in CASI Initiative

CASI connects with ongoing decision processes

 Center operations already deal with weather and climate risks.
* Operations budgets include proactive planning for long-term resilience.
 Each Center has its own master planning process.

Agency
Climate Action Plan Is\{r\s]s:eer el
Strategy gy
Climate Observations and - Identified Agency CIPP
Modeling Products Across I(\':/\('e’rmefr' Res;)hepcef Plan R?S':’oq::e Prioritized
Broad D i Itigation Projects i
road Domains g | Actions In Projects
Agency Resilience Plan Center Master
Strategy Plans
Phased
Agency & Center Master Planners Projec’rs

help facilitate the connections

NASA HQ works with each Center in this process with findings informing the agency’s master planning process.
NASA ARSET - Building Climate Risk Assessments from Local Vulnerability and Exposure 21




Identify in CASI Initiative

CASI connects to ongoing agency-wide risk assessments

The Department of Energy’s National Renewable Energy Laboratory
(NREL) conducts regular assessments of vulnerability and exposure as
part of NASA Agency-wide risk assessment.

« Rotates through detailed assessments at ~2 centers each year

* Not just climate (earthquakes, social unrest, tfech/IT hazards, natural
triggered technological accident risks [NATECH], etc.)

« NREL makes recommendations for risk reduction investments

i sNREL

NATIONAL RENEWABLE ENERGY LABORATORY
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Identify in CASI Initiative

Scientific and Extended Pariners

« Center weather and climate scientists form backbone of scientific assessment
= Provide unigue scientific expertise
= Have established relationships with local leadership and workforce
= Understand center culture and day-to-day experience
= Supported by NASA Earth Science Division (ESD)

 Many additional engaged pariners
= Somewhat blurry line between partners and stakeholders because results
have multiple uses:
- NREL is helping develop CASI products, and will use them for own purposes
- Keep spots for particularly engaged partners
= CASI engages with these groups via consultations and dissemination of
preliminary and final findings

NASA ARSET - Building Climate Risk Assessments from Local Vulnerability and Exposure 23 .



Identify in CASI Initiative

Clarifying the Interest and Influence of Stakeholders

Office of Strategic Infrastructure has Mandate/Interest:
* Prioritizing maintfenance and rehabilitation of current infrastructure
* Making investments in future infrastructure that is meant to last

Understanding the decision scopes and processes of stakeholders:
 Whatis practical flexibility in budget?

 Whatis command structure on decisionse

« What meftrics and time horizons are used to measure successe

NASA ARSET - Building Climate Risk Assessments from Local Vulnerability and Exposure




Identify in CASI Initiative

Identify Sector Problem to Address and System Scale

Select areas of acute need and determine key
characteristics relevant in designing scientific approach

Agency-Wide Master Planning

« Scoping out new properties, new construction

 Recognize that Centers are always changing with
diverse priorities

Center Scale

 Challenges are cross-cutting and can overlap/conflict
across divisions
and departments

AR & 3 un} A 3y : f
NAS. "MhrsLlfSp‘ac'e Flight Center, =
. . Huntsville, Alabama

R
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Identify in CASI Initiative

Identify Sector Problem to Address and System Scale

Within the Center, different system challenges have

different inherent scales.

* Building infrastructure

* Operations facilities

« Logistics and supply

 Redl estate

* Ecosystem directly next to facilities

e Stormwater infrastructure

« HVAC (Heating, Ventilation, and Air Condifioning) or
energy load may be location-specific within Center.

AR & 3 un} A 3y : f
NAS. "MhrsLlfSp‘ac'e Flight Center, =
. . Huntsville, Alabama

R
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Methodology

Develop
Context-Specific
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Develop in CASI Initiative
Ensuring that Scientific Products are Targeted and Relevant for Decision Support

 Bottom-up approach of
engagement with Center
Points of Contact (POCs)
through monthly meetings
(agency-wide and center-to-
center)

Agency-wide/HQ Agency-wide/HQ

Divisional Heads Divisional Heads

* Top-down approach
organized with NASA
headquarters folks building
agency-wide plans Centers and Center Centers and

Managers Center Managers

e |dentify challenges together

NASA ARSET - Building Climate Risk Assessments from Local Vulnerability and Exposure



Develop in CASI Initiative
Agreeing on the Process of Engagement Between Partners

Create inclusive and focused process to create
targeted products

- Align Roles and Responsibilities
« Local scientists provide local trust and context
- Division heads help provide space for these
discussions
- Master planners ensure project objectives align
with overall organizational goals
- GISS CASI-2 Leadership
« Refines overall scientific protocols
« Connects findings across Centers
* Manages relationship with stakeholders
OSl leadership works with GISS leadership to
ensure overall agency objectives are met

CASI-1 Meeting at Ames Research Center

NASA ARSET - Building Climate Risk Assessments from Local Vulnerability and Exposure



Develop in CASI Initiative
Agreeing on the Process of Engagement Between Partners

Create inclusive and focused process to create
targeted products

 Develop Communications Plan
- Communications among project science tfeam
- Center-by-center communications meetings to
manage relationship with stakeholders
- important that these groups have frequent
engagement

« Agree on co-development and sustained
engagement process

* Develop data sharing plan

« Develop communications and dissemination plan

CASI-1 Meeting at Ames Research Center

NASA ARSET - Building Climate Risk Assessments from Local Vulnerability and Exposure




Develop in CASI Initiative
Working with Partners to Develop Decision-Relevant Products

Co-Generation/Co-Production
is a form of knowledge

production based on the
dynamic interaction between « Are these products useful and usable? How can they

scientists and stakeholders to be made more useful?
develop useful, usable, and )

used information products.

« What decisions should the products focus on aiding?

 How would you like 1o see the data presentede (Maps,
graphs, tables)

« Are there other CASI products you would suggeste

« Are there other Subject Matter Experts you suggest be
included in this workgroup?

NASA ARSET - Building Climate Risk Assessments from Local Vulnerability and Exposure 31 .



Identify
System of Interest
and Stakeholders

Climate Risk
Assessment
Methodology

Develop
Context-Specific
Analysis

Evaluate

Risk, Exposure, and
Vulnerability
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Evaluate in CASI Initiative
Center-Specific Climate Information Needs (In Particular)

 Western Centers need information on drought and
wildfires

« Coastal Centers need information on sea level rise and
coastal flooding

* Launch Facilities need information on severe wind speed

« Broad Interest in heavy precipitation/flooding and
extreme heat

Wildfires reached within a mile of JPL
(2009). Rosenzweig et al., 2014

NASA ARSET - Building Climate Risk Assessments from Local Vulnerability and Exposure 34 .



Climatic Impact-Drivers

Capturing Diversity of Climate Change Factors

CASI Work Groups:

)
el

Sea Level Rise and Coastal
Flooding

« Sea levelrise projections
« High fide flood levels

« Extreme water levels

« Coastal inundation maps

Extreme Weather Events

« Droughts & high
temperatures

« Heat-humidity extremes

« Inland floods

b &

NASA ARSET - Building Climate Risk Assessments from Local Vulnerability and Exposure

Fires and Air Quality

Wildfire risk
Smoke risk

Energy

Energy management tools

Water Budgets

Water management tools




Evaluate in CASI Initiative
Summary of Climate Projection Needs

a)

« Fine-Resolution to see finer features given that Centers
are small compared to climate model grid cells

e e
\ \ATES
T T O S S N

- “
Y
R eetguaieutil 8 gues
B T SLRNENTORR o
== m\%‘
s B =

- Bias-Adjusted to ensure observed features are well- AR B = ae

N
=

represented below grid-scale | %&%&j‘

« Latest Climate Model Outputs from CMIP6 to ensure
we are using the best data

« Multiple Emissions Scenarios to give stakeholders a
range of plausible futures to prepare for

« Multiple Climate Models are used to find the multi-
model mean

« Distinguished Ensemble t0 exclude ‘hot’ models so our
projections don't have a hot bias

» Lots of Variables to provide climate projection data
for all climate change risks

Example comparing different model resolutions

IPCC 2013 WG figure 1-14
NASA ARSET - Building Climate Risk Assessments from Local Vulnerability and Exposure 36




Evaluate in CASI Initiative
Selection of Climate Projection Sets - NEX GDDP

NASA Earth Exchange (NEX) GDDP
CMIP6 Bias-Adjusted Projections

Year of Crossing 2C Warming
Relative to 1950-1979 under
SSP5-8.5 Scenario
Source: NASA NEX-GDDP;
https://www.nasa.gov/nex/gddp

Variables in the NEX dataset
include: minimum, maximum, and
average temperatures,
precipitation, relative humidity,
specific humidity, downwelling
longwave and shortwave radiation,
surface windspeed

NASA NEX Global Daily Downscaled
Projections (GDDP) includes 35 General
Circulation Models (GCM) from the Coupled
Model Intfercomparison Project Phase 6
(CMIP6), which is the latest iteration of climate
models. (Thrasher et al., 2021, 2022)

NASA ARSET - Building Climate Risk Assessments from Local Vulnerability and Exposure
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Evaluate in CASI Initiative
Avoid ‘Hot’ Models

* “Hot Models” (see IPCC ARé6 Glossary plus WGI CH7: Forster et al., 2021;
Hausfather et al., 2022)

Equilibrium Climate Sensitivity (ECS) = The equilibrium (steady state)
change in the surface temperature following a doubling of the
atmospheric carbon dioxide (CO,) concentration from pre-
industrial conditions.

e |[PCC Assessed very likely range for ECS: 2.0-5.0°C

Transient Climate Response (TCR) = The surface temperature
response for the hypothetical scenario in which atmospheric
carbon dioxide (CO,) increases at 1% yr-! from pre-industrial to the
time of a doubling of atmospheric CO, concentration (year 70).

* |[PCC Assessed very likely range for TCR: 1.2-2.4°C

Beware of models with ECS or TCR beyond assessed range. ‘Hot

Models’ may be overly sensitive to greenhouse gas emissions and
aerosol changes.

NASA ARSET - Building Climate Risk Assessments from Local Vulnerability and Exposure

Equilibrium Climate Sensitivity (°C)

Climate sensitivity of models

) Climate models from the new generation (=)
are on average more sensitive to carbon dioxide
than those of the last generation (2)

IPCC best
mssmmm estimate

CMIPé ARS6

2
= | IIIIIIIIIII [
(4]



Evaluate in CASI Initiative
Avoid ‘Hot’ Models

Global Temperature Projections Across Models and
Ensemble Subsets (High Emissions Scenario)

By selecting models
that fall within IPCC
Assessed “Likely”

- Historical and Assessed Warming
© — e All models (r1)
e GDDP TCR subset

range of Transient <
Climate Response =
(TCR) we staymore  § ¥ 7
in line with assessed <
future projection:s. 5
R
Q
=
@©
|_
o _

1850 1900 1950 2000 2050 2100

NASA ARSET - Building Climate Risk Assessments from Local Vulnerability and Exposure Credit: Gavin Schmidt, NASA GISS



Evaluate in CASI Initiative
Selection of Climate Projection Sets

g+7 +7
Low, intermediate, and high projections based on 2 o6 | AdCRUT (obs) -
IPCC AR6 SSP1-2.6, SSP2-4.5, SSP3-7.0 scenarios it
€ ,5||— ssP2-45 FE
© [|—— SSP3-7.0
Timescale 2020s to 2100; Spatial Scale ~27km (higher £ +4| —— SSP5-8.5 +4
resolution later via NEX LOCA at 5-6km); LIS 10km o ; ;
e+ +
0]
Outputs — Projections calculated as averages and o *2f .
distributions across 22 models (avoiding ‘hot models’) ~§ +1 +1
: . | T T T4 A— 0
Delivery — Maps, Tables and Data tailored for NASA S 1850 1900 1950 2000 2050 2100

Centers resilience decisions

Also evaluating newly released LOCA-2 (Localized Constructed Analogs) dataset produced by UCSD.
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Evaluate in CASI Initiative
Elaborate land surface information

Linkages with the NASA Land Information System

CASI linked with the NASA Land Information System (LIS)
to provide higher resolution and elaborated
hydrological variables beyond what NASA NEX-GDDP
natively provides.

LIS is:

- A system for uncoupled and coupled land
modeling and data assimilation

- Runs a variety of land surface models (Noah, Noah-
MP, CLM, VIC, CABLE, JULES, etc.)

- Integrates satellite, ground, and reanalysis data
with'a comprehensive data assimilation
infrastructure

- Includes high performance support for fine
resolution and ensemble modeling

Kumar et al., 2006

NASA ARSET - Building Climate Risk Assessments from Local Vulnerability and Exposure



Evaluate in CASI Initiative
Elaborate land surface information

LIS Elaborations of NEX-GDDP Outputs

An LIS-based configuration has been
setup to develop hydrological
projections for the NASA Climate
Adaptation Science Investigators
(CASI) Inifiative.

- Further downscaling (fo ~1 km)

- 22 GCMs, 3 Emissions Scenarios

-  Augmentation of extreme events
at land surface

- More hydrological variables

NASA ARSET - Building Climate Risk Assessments from Local Vulnerability and Exposure

LIS Soil Moisture on August 1st, 2015

37.75°N A

37.5°N+

37.25°N -

123°W  122.75°W  122.5°W 122.25°W

Soil moisture data from LIS simulation for Aug 1,
2015, at Ames Research Center at Tkm resolution
(units are volumetric m3/m3)
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0.25
0.20
0.15
0.10
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Evaluate in CASI Initiative
Selection of Climate Projection Sets

NASA seq Level Rlse PrOjeCtlonS S@,_-//E?Z\cs)eé:z;c:ﬁeaﬁ;glsTool @ seateveLciance ML SEATEVEL CENTER
hitps.//sealevel.nasa.gov/data tools/15 p ox B
] ¢ .}o Canad .
Has the following features: R ’
Norn
« Many GCMs and scenarios S v
Ocean
» Connections to fide gauge 2y T -
observations B
« Distinguishes different contributions to
sea level increase . . ey, ™
® CO pTUI"eS |chl |O nd movemen-l- Observed Flooding Sea-Level Rise Projected Flooding About
influences
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Evaluate in CASI Initiative
Vulnerability and Exposure Assessment

Evaluate climate risks for primary assets and
costs on NASA Centers

- Workforce
-  Operations

« Bullt Infrastructure

. Mission Facilities (e.g., launchpads, test s
facilifies) N e N N R LV R
. 5 ONE‘%TEPcWSfR ) & ARTEMIS 1 Yo
« Energy and Cooling Systems ot Cana

- Transportation Infrastructure
- Ecosystems on Center Grounds
- Water Resources

NASA ARSET - Building Climate Risk Assessments from Local Vulnerability and Exposure



Evaluate in CASI Initiative
Breakdown of Risk Components for a Specific Asset

Coastal
hardening

Hazards

Impact of
relocation

Roads/Access
to site
Proximity to
coast

Employees
working
indoors and

Thermal
outdoors

tolerance of
built
infrastructure

Cables/other
outdoor
infrastructure

Exposure Vulnerabilities

NASA ARSET - Building Climate Risk Assessments from Local Vulnerability and Exposure



Identify
System of Interest
and Stakeholders

Climate Risk
Assessment
Methodology

Assess
Magnitude and
Frequency of
Impacts

Develop
Context-Specific
Analysis

Evaluate

Risk, Exposure, and
Vulnerability
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Assess in CASI Initiative

« Multiple acute and
chronic risks challenging
each Center

« Different threat levels
given unique contexts

i e

4
0
%
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Background Large-Scale Patterns of Warming

MSFC

2.44

1.75
AFRC
JPL 11
. MAF  SSC "
iNe J
2050s Ensemble mean change in Annual
temperature (compared to 1981-2020)
NASA ARSET - Building Climate Risk Assessments from Local Vulnerability and Exposure SSP2-4.5, 22 NEX GCMs 48




Mean Temperature Change per Scenario at Ames Percent Precipitation Change per Scenario at Ames
6 = 25 =
=== BSR1-216 [oW SSP1-2.6 Low
= SSP2-4.5 Intermediate
—— SSP3-7.0 High
—— Observations (Model)

= SSP2-4.5 Intermediate
20 = = SSP3-7.0 High
- QObservations (Model)

15 =
4- /

10 - ﬁ / F

Patterns of Mean Change
Different Levels of Certainty at NASA Ames

Mean Temperature Change in Deg C
% Precipitation Change in mm

-15 -
-1=- 1 I 1 1 1 1 =20 - 1 I 1 1 1 1
1980 2000 2020 2040 2060 2080 2100 1980 2000 2020 2040 2060 2080 2100
Mean Trend > Internal Variability Mean Trend < Internal Variability for
for Temperature Precipitation
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Assess in CASI Initiative
Exireme Weather - Heat Index at Langley (LaRC)

No. of Days where Heat Index >= 100F (SSP1-2.6
Heat Index is a combination of extreme Low Scenario)

heat and humidity, which compound to
have substantial effects on outdoor
workers

* Ensemble mean projections indicate
more than 70 days per year will have
dangerously high Heat Index (>100°F) No. of Days where Heat Index >100F (SSP3-7.0 High Scenario)
at Langley by the end of the century
under the High Emission Scenario. “

* Even under the low emissions scenario, w0
the threat is substantially higher (>20 »
days per year).

CASI Exiremes 0
Working Group

—TIEEN 25th Percentile

75th Percentile
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Assess in CASI Initiative
Energy - Building Zones for Jet Propulsion Laboratory (JPL)

Climate designations created by the American Society of

Heating, Refrigerating, and Air-Conditioning Engineers Current US ASHRAE Climate Zones
(ASHRAE) to describe the climate conditions for buildings
« Based on the integration of daily surface temperature a—zl 3 ol .

to create annual Cooling Degreee Days (CDD) / Marine (C) Dry (B) | I

IECC Climate Zones

OA Extremely Hot Humid
0B Extremely Hot Dry
B 1A Very Hot Humid
1 1B Very Hot Dry
B 2A Hot Humid
B 2B Hot Dry
B 3A warm Humid
% 3B Warm Dry
B 3C warm Marine
4A Mixed Humid

Heating Degree Days (HDD), annual precipitation
(Lower Number -> Warmer)

* By our calculations, the current ASHRAE climate zone
of JPLis 3 and is projected to change to 2 after 2090 in

-e
—

¥

.-
s

) o ) ) \
the highest emission scenario. The climate zone does e 4 Moed Marine
not change in the other emissions scenarios. B By

B 5C Cool Marine

B 6A Cold Humid

I 6B Cold Dry

W 7 Very Cold

B 8 Subarctic/Arctic
© ASHRAE

s
Jo
"‘

*  Why is this important? The ASHRAE zone designation
determines building codes required for any
new/modernized building (e.g., HVAC, lighting, o

insulation, etc.)
CASI Energy
@ Working Group

. . _ - Paul Stackhouse, Bradley Hegyi
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Assess in CASI Initiative
Energy - Building HVAC Needs at Goddard Space Flight Center (GSFC)

Changing Seasonal Profile of Heating and Cooling @ CASI Energy

Working Group

Monthly Change in the Average Number of Cooling Degree Days Monthly Change in the Average Number of Heating Degree Days
_Goddard Space Flight Center, 2065-2085 minus 2015-2035 Goddard Space Flight Center, 2065-2085 minus 2015-2035
B SSP3-7.0 ] ol i
80 1 EEN SSP2-4.5
B SSP1-2.6

S

Change in Cooling Degree Days
Change in Heating Degree Days

40.
—60
20 WSS sSP3-7.0
=70 1 BN SSP2-45
mmm SSP1-2.6
—-80
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
Month Month

. . _ - Paul Stackhouse, Bradley Hegyi
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Assess in CASI Initiative

Fire Weather - Growing Risks at Jet Propulsion Laboratory (JPL) and

Ames Research Center (ARC)

» Fire Weather Index (FWI) was calculated
using meteorological variables from climate
projections.

« Conditions around JPL are significantly more
conducive to fire than at Ames Research
Center.

« Under the high emission scenario (SSP5-8.5),
both ARC and JPL are expected to
experience approx.

15% increase in fire weather index.

Increasing Conditions
Fwi

& CASI Fire and Air Quality

Working Group
10

FWI climatology difference (future — present)
1985-2014 2041-2070

2071-2100

Annual Mean FWI around ARC and JPL (Historical + SSP5-85)

—JPL | I"»i",*x;l‘,! ‘lll‘::"‘-"“‘l; m
e ARG \ JALA

201 U R A
4 g il

]

Il
()

(it
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Assess in CASI Initiative

Multiple Perspectives
on Hydrology of
Ames Research Center

CASI Water Budgets

. Working Group

a4

Sﬁﬁacelnund

| hades)

q’ridn (blue s

hours (October 24, 2021):
(Based on Sentinel-1 SAR)

wxd L.V

af

Heavy Rainfall Event of 2.7 inches/24-

[ High: 120

Presént ET Water
§ Flux (cm per year)

o

ter

Chris Potter
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Assess in CASI Initiative
Coastal Risks at Stennis and Wallops

Location: ® US. Interagency scenario: ®
Bay Waveland, MS o il ; -
‘ vatio Sea-level rise by 2100 429 ft f —— e -
Show map @D Meters @D Feet : A Relative to 2000 ’ - :
Local sea-level rise scenarios ® Contributions ®
Source: 2022 U.S. Interagency Taskforce (ITF) Report In the year 2050
Q¢ ¥a
o Observed 14 W Vertical land motion
7 High " Land water storage
~— Intermediate High 12 B Antarctic ice sheet
6 === Intermediate (current selection) ’ W Greenland ice sheet
= Intermediate Low ' Glaciers
;3 5 —Llow Tg 1 W Sterodynamic
g g
& 4 2 08
: o
3 3 3 06
© @
& 2 @
0.4
1 P/ F i
, . b2 Wallops Island Example DSM (2 m horizontal resolution, +/- 10 cm vertical
¥ * , accuracy)
1980 2000 2020 2040 2060 2080 Intermediate .
ITF Scenario Sea Level Rise

and Coastal Risks
e Working Group
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Assess in CASI Initiative
Different Risks at Different NASA Centers

Comparison Plot
50 year change (2065-2085 minus 2015-2035)
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6000 {4 Ke m Langley (La)
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Annual number of Extreme Hot days (>35 Deg C) at NASA centers, SSP2-4.5
100 -
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—— GISS
~— GISS
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JPL
= ]SC
— KSC
~— LARC
— MAF
60 = = MSFC
— SSC
WWF
e \WSTF

Growing risk of extreme
heat at NASA Centers
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Assess in CASI Initiative
Multiple Risks at Same NASA Center (Ames) (1/4)

Mean Temperature Change Annual Average Air Quality Index
Mean Temperature Change per Scenario at Ames | | [ I
6" N S 5 140 |- Unhealthy (Sensitive) NASA Ames -
—_— SSP3:::g‘::hmemate <
5 - —— Observations (Model) © 1 20 -

o

S 100

- :% Moderate

g .. = 80
2
5 =

g o = 60
@ ge)

D 40
= 1= q)

S 20
. =

| | | ]
N 2020 2040 2060 2080
1980 2000 2020 2040 2060 2080 2100 Year

NEX GDDP Ensemble; Sanketa Kadam, Cynthia Rosenzweig,

Laura Iraci, Elizabeth Wiggins
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Assess in CASI Initiative
Multiple Risks at Same NASA Center (Ames) (2/4)

Heating Degree Days: Average Yearly Sum across CMIP6 Model

Shifting cold and warm season energy demands at NASA Ames

Ames Research Center

Cooling Degree Days: Average Yearly Sum across CMIP6 Models

Ames Research Center

AR —— High 3600 -
5 — Medium
1000 i\ — Low 3400 -
; 900 '.“’.i v
= \ @ 3200
= ‘Vv \l"‘\ “. A D
U 800 - Y )
& \‘ Y 3000
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dd
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Assess in CASI Initiative
Multiple Risks at Same NASA Center (Ames) (3/4)

Heat also compounding with increasing drought conditions

Mean Temperature Change

AMES Mean Temperature Change per Scenario at Ames

== SSP1-2.6 Low
= SSP2-4.5 Intermediate
= SSP3-7.0 High
—— Observations (Model)

60 1
50 1

wi DA

301

20 1

i ‘
VAL T o VALV

04 !

Mean Temperature Change in Deg C

o o o P o° o o 2

D4, Extreme Drought Category per US Drought Monitor
Definition (<2 % root zone soil moisture) (SSP2-4.5)

1 1 1 1 1 1
1980 2000 2020 2040 2060 2080 2100
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Assess in CASI Initiative

Multiple Risks at Same NASA Center (Ames) (4/4)

Coastal and Inland Flooding:
Chronic and Episodic Hazards

ARC Surface Inundation (blue shades) after Heavy
Rainfall Events [based on Synthetic Aperture Radar
(SAR) images from the Sentinel-1 satellite]

Local sea-level rise scenarios ®

Source: 2022 U.S. Interagency Taskforce (ITF) Report

Sea-level rise (feet)
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Assess in CASI Initiative
Emissions Scenario Matters

Exireme Hot Days (>35 °C) at GSFC (Ensemble Average)

80

20 ——SSP1-2.0 ——SSP2-4.5 ——SSP3-7.0
Low Infermediate High
Emissions Emissions Emissions

60

50

AN
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» Risks are generally lower for SSP1-2.6 (low emissions) than SSP2-4.5 (intermediate
em|55|ons?, and both are less than SSP3-7.0 (high emissions).

Mitigation beyond Center gate is still critical to addressing adaptation challenge.
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Implement & Monitor Identify
|[dentify Interventions, System of Interest
Scales, and Monitor and Stakeholders

Climate Risk
Assessment
Methodology

Assess
Magnitude and
Frequency of
Impacts

Develop
Context-Specific
Analysis

Evaluate

Risk, Exposure, and
Vulnerability
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Implement and Monitor in CASI Initiative
CASI2 is an ongoing initiative

* We will present preliminary results with a more formal report planned for
late 2023/early 2024.

« Adaptation and mitigation planning still underway across NASA
(timeline for implementation not dictated by CASI)

« Planis to deliver CASI2 report and maintain collaboration through
consideration of inferventions and their implementation

NASA ARSET - Building Climate Risk Assessments from Local Vulnerability and Exposure



Implement and Monitor in CASI initiative
Mapping decision processes and CASI products to decisions in each OSI Division

Office of Strategic Infrastructure

Environmental Facilities and Logistics Management
Management Division Real Estate Division Division

Decision Environmental Clean Natural Resources NASA NEPA NASA CRM Program Greenhouse Gas
Areas: Up and Restoration Risk Management Compliance for Cultural Assets Management
/“
Center water

L

SN

rn period on re weather
extreme drought inde budget
Frequency and moke events Evapotranspiration
magnitude of Air quality index heating degree Maps of heavy

inundation maps extreme heat days days rainfall flooding
64 .
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Implement and Monitor in CASI Initiative
Informing Ongoing Decision Processes

* |dentify reactive and proactive interventions that
target acute climate risks

* Recognize multiple fime horizons and metrics for
success

* Scope out feasibility according to costs, fechnical
capabilities, increase in resilience (effectiveness),
intervention lifespan, personnel requirements,

economies of scale, existing rehabilitation cycles, mA Wh“e sqnds Test Fadilify, Las Cruces;
and leadership support , New‘mex.co |

* Align interventions with existing rehabilitation cycles

e Deliver findings in existing or new communication
products
— E.g., included in facilities’ annual reports, NASA
Design Standards document, etc.
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Implement and Monitor in CASI initiative
Creating Targeted and Synergistic Adaptations

- Working now to create synergies and co-benefifs g ———
between adaptation, mitigation, and other & e e
Center priorities.

/i
v/

ehoud Assembly th*ll;fy
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Fundamental CASI Findings
Growing Climate Risks Identified by Each CASI Working Group

Sea Level Rise and Coastal Flooding . . .
— Sea levelrise strongly dependent on scenario, with currently rare coastal flooding
risks becoming increasingly normal.

« Exireme Climate Events
— Increased heat-humidity events, heavy rainfall, drought, and extreme storms.

« Fires and Air Quality
— Rising risk for wildfire and smoke impacts, particularly for Western centers.

 Energy
— Decreased seasonal heating and increased seasonal cooling loads.
— Climate zones and associated building energy standard (ASHRAE) changes.

-  Water Budgets _ . _ o
— Increased evaporative demand at all centers, even in some regions with increased
rainfall.
— Increased drought in many Western centers.
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Fundamental CASI Findings

Examples of Growing Climate Risks Across Centers

« All Centers are projected to experience increase in extreme heat, with shift from heating
toward air conditioning expenses.

« Langley is projected to shift from ASHRAE climate zone 3 to 2 in the 2060s under the high
emissions scenario.

« Ames is projected to experience large increase in frequency of moderate to unhealthy air
quality conditions from fires after the late 2070s under the high emissions scenario.

« Goddard is projected to experience a 38% increase in extreme inland flood days per year
by 2100 under the infermediate scenario

« Wallops projections indicate that chronic flooding (at least 50 days per year) becomes likely
on an annual basis beginning in 2038 under NOAA's intermediate sea level rise scenario.

« Kennedy projections indicate that it is likely to see an increase in chronic coastal flooding
beginning in the 2040s and has a 98% chance of at least 20 flooding days in a year by 2030.

« Johnson is projected to experience an increase in cooling degree days by at least 5%
under the low emissions scenario, 9% under the infermediate, and 14% under the high
emissions scenario.
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Fundamental CASI Findings

Providing Targeted Information to Support Climate Decisions

CASI data and products help Agency and Center Master Planners
incorporate climate risk information into ongoing planning processes.

Climate Action Plan

Strategy
ldentified
CASI Data .
Products Center Resilience Plan Climate
Support Mitigation Projects Response
Actions In

Agency Resilience Plan
Strategy

Agency & Center Master
Planners help facilitate the
De connections.

Mang gy
driveg Shape of CASI Pro

ducts and ongoing research
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Agency
Master Plan
Strategy

Agency CIPP
Prioritized
Projects

Center Master
Plans

Phased
Projects




Theoretical Approach Helps CASI Achieve

Decision Support Goals
Based Upon Inclusive and Comprehensive Climate Risk Assessment

» ldentify partners, stakeholders, and vulnerable assets
— CASI approach allows climate information to be tailored to decision processes

« Develop scientific plan to assess shifts in climate conditions
— CASI approach allows for contextual analysis in close collaboration with partners

« Evaluate vulnerable assets and conditions driving climate risk
— CASI approach selects climate products to match hazards that drive risk for key
assefts

« Assess changing climate risks across centers, hazards, and scenarios
— CASI approach is producing risk assessments and characterizing uncertainty across
models and scenarios

« Implement findings intfo decision processes, then monitor and re-assess
— CASI approach connects information with decisions in support of sustained scientific
engagement and flexible adaptation pathways tailored for each Center

NASA ARSET - Building Climate Risk Assessments from Local Vulnerability and Exposure 71 .



)

I

s




Summary

CASI provides a portfolio of key current
and future climate risk information for
Center managers and their regions.

These products are co-generated and
linked to decisions protecting Center
assets, infrastructure and workforce.

Centers can use risk information to
identify adaptation strategies for
Implementation

NASA ARSET - Building Climate Risk Assessments from Local Vulnerability and Exposure
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Monitor

Identify

Climate Risk
Assessment
Methodology
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Homework and Certificates

- Homework:
— One homework assignment
— Openson 9/21/2023
— Access from the training webpage
— Answers must be submitted via Google Form
— Due by 10/5/2023

« Cerfificate of Completion:
— Attend all live webinars (attendance is recorded automatically)
— Complete the homework assignment by the deadline

— You will receive a certificate via email approximately two months after
completion of the course.
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https://appliedsciences.nasa.gov/get-involved/training/english/arset-building-climate-risk-assessments-local-vulnerability-and

Contact Information

Trainers:  ARSET Welbsite
 Alex Ruane * Follow us on Twitter!
— alexander.c.ruane@nasa.gov — @NASAARSET
« Sanketa Kadam  ARSET YouTube
— ssk2241@columbia.edu
CASI Point of Contact: Visit our Sister Programs:
 Nick Pelaccio « DEVELOP
— nick.pelaccio@nasa.gov e SERVIR
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