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NASA is mandated to:

» “increase the efficiency of the Nation's air transportation system” &
“protect the environment” (51 USC §40102)

» research topics that “can be productively studied from space,
including Earth Science & Sun-Earth connections” (51 USC §20301)

* “pursue a program of Earth observations, research, and applications
activities to better understand the Earth, how it supports life, and how
human ;o\ctivities affect its ability to do so in the future.” (51 USC
§60501

» use practical benefits for society an important measure of the
success in addition to securing new knowledge

» ensure the availability and widest possible use of accurate & current
data on global warming (51 USC §60506)



Senior Climate Advisor post created in Feb 2021.

Tasked to assess NASA's climate portfolio and
recommend ways to make it better.

Climate Strategy Working Group: cross-division, cross-
directorate, cross-center.

Report “Advancing NASA’s Climate Strategy” in final stage
of production
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Surface Temperature

* GISTEMP (since 1981)
« Data from 1880

* Weather stations (GHCNv4)
* Ocean buoys/ship data
(ERSSTV5)
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Warming of 1.2°C/2°F since the late 19th Century
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Mountain Glaciers

* Landsat (since 1982)
e LandSat 4/5/7/8

* Columbia Glacier, AK
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Mountain Glac

* Landsat (since 1982)
e LandSat 4/5/7/8
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* Columbia Glacier



Antarctica Greenland

lce Sheet Mass

* GRACE (2002-2017)
» GRACE-FO (since 2018)

* Trends April 2002-Dec 2020
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Climate Models

* Need process-level information,
boundary conditions, drivers.

* e.g. GISS ModelE, NCAR
CESM, GFDL CM, etc.

* Tuning/Calibration best done
without looking at trends.

CloudSat-CALIPSO Total Cloud Cover o
S 3%

Land surface properties
topography, emissions

Global and regional
evaluation across multiple
variables & teleconnections

Parameterization
development

evaluation

Process-related diagnostics
from low earth orbit and
flight campaigns

' GISS-E3dev Surface Rainfall PDF
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Perturbed physics ensembles plus
Machine Learning to match satellite
metrics (with uncertainties) across

40+ model parameters




GEOS-5 Reanalysis

» Weather forecast model run with
ingested in situ and satellite data
* Physically consistent
atmospheric state, including non-
observed variables.
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Attribution

 GISS ModelE2.1 Ensemble
simulations with individual drivers,
natural-only, anthropogenic-only
etc.

* Multi-variate comparisons to
observed trends

2

-4

o
N
o Mid-Tr heric Tem
2 4
e |
0 | ,
o / J
"7

o 7 y

7 7

o, Hh ] % /
o Gt 7 7% '///
2
0
S
1
(=}
- 7 5 -year average

I I I T

1850 1900 1950 2000

All (Ww/95% spread)
| Anthropogenic

Natural

Tropospheric Aerosols

Volcanic

Solar
_ Ozone

Well-Mixed Grenhouse Gases

Observations

1 -year average
T T T T
1850 1900 1950 2000

0.0 0.5 1.0 1.5

-0.5

-1.0

0.0 0.5 1.0 1.5

-0.5

-1.0

)
:

77,
i 7

1 -year average

I T T T
1850 1900 1950 2000

5 -year average

T T T T
1850 1900 1950 2000



SSP3-7.0

Projections

SSP2-4.5

-2.6

SSP1

* Possible futures based on
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Shared Socioeconomic Pathways

» SSP1-2.6 emission reductions
consistent with 2°C limit

* SSP5-85
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Downscaled output

Daily variables:

*  Humidity
» NEX Global Daily Downscaled L pomperature
Projections (GDDP) . Winds
: » Surface radiation
» Using 35 CMIP6 models
* 9 variables Experiments:
* Historical
* 25 km globally - SSP2-45
+ SSP5-85

» Used for local/regional impacts,
including extremes

* Cloud access

Springtime Average Temperature (* )
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Sustainable

Sustainable Aviation

SUSTAINABLE
AVIATION FUEL
OPERATIONS

AND INFRASTRUCTURE
i USE
CLEANER FUEL
& § full lifecycle

» Airspace Operations research to
reduce fuel use
* More efficient engines
* New designs for net-zero flying

* hydrogen fuel cells

» turbo-electric powertrains
« X-57 All-electric flight
demonstrator - first tests in FY21,
flight demonstration in FY22.

USE
LESS ENERGY
by aircraft design

USE
LESS ENERGY
by how you fly



Space Technology

» Spinoffs for clean energy,
software, apps, environmental
monitoring, carbon dioxide
removal, small nuclear

* Prizes to encourage efficient
aircraft (Green flight challenge,
2011, Earth and Space Air Prize
2018)

* Partnerships with foundations,
other agencies

* Heater mounting plate lattice removed for clarity.

* Axial fin gradient reduced from 17°C (Titanium
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End Plate/ASRT-5A) to 11.5°C (outside cartridge)
and 6.3°C (center cartridge) with additive
manufactured Inconel end plate and 13X sorbent.
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National Aeronautics and
Space Administration
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Partners not just users

" ees*  Gulf of Maine

ENGAGE

* Agencies ) R h | .
* Inter-agency committees §Trees Community Trees Challenge 2021 e S e a rC n St I t U t e

« Local Government e e

« Non-profits = AN N A S A o oo
* Business .

« Community groups
* International agencies
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Prediction Of Worldwide Energy Resources

VOLUME 1439, SPECIAL ISSUE MARCH 201

Advancing Tools and Methods for
Flexible Adaptation Pathways and
Science Policy Integration

New York City Panel on Climate Change 2019 Report







One Foot of Sea Level Rise
Areas in red will be flooded after 12 inches of sea level rise
Regions near all coastal NASA centers are expected to experience at least S inches of sea level rise between now and the 2050s.
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NASA Scope 1 and 2 Greenhouse Gas Emissions from Standard Operations

NASA'’s Institutional
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* NASA's Climate Action Plan delivered to CEQ in August
* Priorities:
® Ensure Access to Space
®* Integrate Climate Adaptation into Agency and Center Master Plans
* Integrate Climate Risks into Agency Risk Analysis and Resilience
Planning
® Update Climate Modeling to Enable Better Understanding of Agency
Threats and Vulnerabilities
® Advance Aeronautics Research on Technologies and Processes that
Reduce Contributors to Climate Change

* Special Focus Areas:

® Update Climate Vulnerability Assessments

® Enhance Climate Literacy in its Management Workforce
® Agency Actions to Enhance Climate Resilience
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Advancing NASA’s

: Advancing NASA’s Climate Strategy
Climate Strategy

A whole of NASA approach
October 2021

 What is NASA’s Climate
Portfolio?

e Strengths

e Areas where improvements
can be made

* New opportunities

* Linking climate to other
Agency priorities

Sep 15 2020
1981-2010 Avg Min




Will have 7 sets of recommendations:

. Integration of climate across directorates/divisions

- Enhance NASA role in climate-related decision support
- Engage more effectively w/interagency partners and
stakeholders

- Increase data accessibility

- Further embed resiliency and sustainability into NASA
decisions

- Increase coordination on technology development

- More coherent and deeper efforts on climate
communications



kY A NASA Center for Climate Resilience?

* Help coordinate agency efforts
* New Applied Sciences focus area on Climate-related
Decision Support (FY22 budget pending)
* Extend from NASA Center Resilience to support for
USGCRP, NOAA, FEMA, FGDC efforts
* Education and training on NASA resources
* Sea level projections (via IPCC ARG)
* NEX GDDP
* |Integration with socio-economic data (SEDAC)
* Open Science initiatives for better equity and data
integration






