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Why NASA?

* NASA develops, launches,
maintains, analyzes, models,
synthesizes and distributes data
products from a large array of Earth
viewing satellites.
Earth Science develops these
observations in themes related to
Earth-atmosphere properties:

* Atmospheric composition

* Weather and Atmospheric

Dynamics

* Climate Variability and Change

* Water and Energy Cycles

* Carbon and Ecosystems

e Earth Surface and Interior
NASA Earth Science plans future
improved observations that will
impact knowledge and
understanding of the Earth-
atmosphere system.
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Where does POWER Fit in NASA?

To foster the usage of NASA's observation and modeling data, NASA's Earth Action Program supports
interaction and partnerships within US government, international agencies, large and small businesses
and the general public to inform specific applications and decisions in these key areas:

Earth Mission Wildland f"v Climate &
Engagement Fires Resilience
Capacity Ecological .
Building Conservation REEE
Di Water Health &
Energy Resources Isasters Resources Air Quality
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Research to Action: NASA
POWER improves the capability
to integrate NASA Earth
Observations & model data
specific to surface solar
irradiance & meteorological
parameters into decision

processes related to energy, W
buildings, & agriculture. — I\ 2
Benefit Sector Relationships: .~ S o~ g N
Long-term partnerships, /\Ass:stmgmfn\e{gy
collaborations & user interaction System Design Ng A
within targeted benefit sectors \\ e Y N
provides critical feedback on X S ) . A
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Federal Sustainability Plan

— N

U.S. 2030 Greenhouse Gas
Pollution Reduction Goal

B

U.S. Precision Agriculture
Connectivity Act of 2018

B

2021 Federal Executive
Order 14030

~ N

2021 Federal Executive
Order 14057

Paris Climate Agreement

Trends ~15% +

Expected growth per year
through 2030

United Nations Sustainable
Development Goals

UN Sustainable Energy for
All Initiative

ISO 50001 Energy
Management Systems

GEH reschre

Trends 1 6 _1 8%

Expected annual growth
through 2025

NASA POWER aims to become a trusted,
critical source in informing decisions that will
reduce emissions and help achieve the U.S.
goal of Net-Zero Greenhouse Gas (GHG)

Emissions by 2050.

Hourly data and higher spatial resolution data to
support building energy management, energy
efficiency standards/benchmarking, & energy
performance compliance requirements.

Reduced latency time that is important for
building energy management applications.

International Energy Agency
World Energy Outlook

Trends X2

Demand for data to
double by 2029

Long-term (30 year) climate averages to be
updated automatically every 5-10 years to
support feasibility studies, design, & policy
analysis.

Climate change projections of key parameters
to support climate risk assessment for energy
planners.

B WN

https://www.sustainability.gov/federalsustainabilityplan/index.html



LaRC ASDC, DOE
NREL, RETscreen

International USGS, ASHRAE DSSAT IEA 7
Sustainable Building Near Real Time (NRT) Web-Based Data Visualization,
Community Data Availability API, & GIS Capability Added

2012 2021-2022

(@ (&
&

2018

N7 \C/A\

Surface Meteorology Daily Time-Series Data Enhanced Climatology Hourly (2021) &
& Solar Energy (SSE) & Agriculture Community Data Availability Cloud Based (2022)

Average Dally Solar Radiation for 2000 Jan

WCRP SRB v1 CERES FLASHFIlux WCRP/GEWEX SRB v2.5 CERES SYN1Deg
Total Data Requests exceeding 326 million



POWER Starts with the User ‘ ‘

oms)~  SOURCE HOSTING &
%00 | VALIDATION |III\ |/ TRANSFORMATION I l

- . - : Ap;:;::;on \
S O U R C E , - - ; 3 Data Ne CDF
ANALYSIS & ‘ ‘
Catalogs

Provision of free, customized,
value-added, application
ready, trusted solar &
meteorological data for both
current and future climates.

IDENTIFICATION
DISTRIBUTION

NASA
LaRC SRB .%

Resolution

Data

Vi i*;;:z;f
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USER
o COMMUNITY :/’ EDUCATION &
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Where do POWER'’s Data Parameters Originate?

Surface Solar and Thermal IR Irradiance

Atmosphere, clouds,
aerosol, and surface
inputs data

Surface Meteorological Parameters

Total Cloud Fraction 16 Feb 2017 0045 UT

Atmospheric
Reanalysis

Observations:
satellite, in situ,
airborne

SRB (1984-2000)

CERES
(2001-
present)

Top of The Atmosphere Radiative flux

Reflected Solar Emitted Thermal

= - M N

Daily Precipitation

GPM IMERGE
Atmosphere, clouds, (10 km, daily; 2000 -
aerosol, and surface present)
inputs data




| Sources:

I * Before 2000:
GEWEX SRB

I+ After 2000:

L CERES SYN1 Deg

| Latency within 3-4 days |
l_smg CERES FLASHFlux I

Data Products | Global Surface Solar Radiation

W/m?
0

Hourly All-Sky Surface Solar Irradiance

2001/07/01 00:00:00

Daily All-Sky Surface Solar Irradiance

2021/10/03

e Monthly All-Sky Surface Solar Irradia
= > 2 /A:g ‘ S ‘5{&;-
I % 5,’,9‘ s g

2018/07

Annual Irradiance - Allsky

Climatological averages are also available!

Example parameters:
* irradiance
(longwave/shortwave

I
I
& upward/downward) |
I
I

* UVindex

* earth skin temperature
* cloud amount

* aerosol optical depth




Annual Total Precipitation

Precipitation (cm)
(APl Offers IMERGE too)

e

Relative Humidity

(2m)

* Time Span: since 1981 up
| until nearreal time
* Temporal Scales: hourly,
I daily, monthly, annual,
| climatological averages
 Example parameters:
I heating/cooling degree days,
I snow precipitation, soil
L wetness, & surface pressure
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POWER uses surface measurements
I'to characterize data product uncertainty

I
h NN S S S S S S S e e e e e e el

) Valldatlon at various temporal scales (up
I'to hourly) and assessments for value-
| added products as observations available |

l See "Methodology Documentation” :
_bages for more information and statistics |

2m Daily Temperature: Bias
Merra-2 Daily Mean Fields Comparison from 1981 - 2020

T2M Bias by S|te dally
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Tools &
Services




Key
Differentiators

for POWER
Products & Services

Application Programming

Interface (API)

Data Access Viewer
Enhanced (DAVe)

The API delivers ARD for inputs to
decision support tools, modeling
and forecasting packages, and as
inputs to scientific research.

The API allows for direct integration
into external applications and
custom user scripts; users can submit
a request and a RESTful response will
be returned in a web-compliant
JSON standard.

L“.‘ Multi-decadal, high-

accuracy, community-
specific datasets

This application is a web-based data
access service for a customized
selection of parameters that
provides a simple user interface built
for mobile and desktop use.

The DAVe allows users to select
community specific parameters,
units, time periods, and output
formats to efficiently retrieve data
from the POWER Archive.

Hourly, daily, monthly,
annual, & climatology

POWER provides Esri® ArcGIS Image
and Feature Services allowing users
to efficiently interact with the POWER
data in Geographic Information
System (GIS) applications.

New services for annual/monthly
solar radiation and meteorology,
available on: NASA ArcGIS Online
(AGOL)'s POWER Group and Esri
Living Atlas of the World.

Registry of Open Data on AWS EVLS,
NASA Prediction of Worldwide Energy Resources
(POWER)

D D e D SR D N S S S

The POWER AWS allows users to
directly access the POWER Analysis
Ready Data (ARD) of ~8.5TB. The
data follows open standards:
OpenAPIl, GeoJSON, and more.

POWER AWS services are near real
time (NRT), as soon as source data
becomes available from our source
data providers:

+ Meteorological: ~2-3 days
+ Solar ~5-7 days

Customized data products,

specific user communities
(improves usability & lowers
adoption costs)

‘am: Numerous access options .
=] e - ranging from an API, user ’Q‘. units, & formats for
scales w/ global coverage lTIk T B E TR My, [~

geospatial services



APls

The Application Programming Interface
(API) delivers Analysis Ready Data (ARD)
for inputs to decision support tools,
modeling and forecasting packages,
Schemas and as inputs to scientific research.

APlIinformation
version®




The POWER API delivers Analysis Ready
Data for inputs to decision to support tools,
modeling and forecasting packages (i.e.,

NREL's Solar Advisor), and as inputs to POLLE S eIy
scientific research by providing: The APt alows houry el requests o POWER Analys' Reacy Dt (ARD).
* Complete access to entire database
without having to use any other services PR S
* Direct integration into external (A
applications; users can submit a request Configuration Settings
and a response will be returned without /ap1/temporal /mourly/ coniquration Corfguatin Setings Requet
leaving their application!
e Community-specific units and formats like Data Requests: ~140,000 a Daily
ASCII, ICASA, CSV, GeoJSON, NetCDF, and Follow Open Standards: OpenAPI, GeoJSON, and more
more

Example APl Request:

https://power.larc.nasa.gov/api/temporal/daily/point?start=20210801&end=20210830&longitude=-4.75&latitude=-
4.750&community=ag&




.- How do we serve application-ready data to our users?

POWER | DAVe %2

Prediction of Worldwide Enarav R rea (DOWER)Y | Data Accace Viawar Enhancad MAVeY

Feedback &  Light Mode %

1emperature ar 2 meter

hitps:/powerlarc.nasa.goviap) © single Point T2M

E: Temperature at 2 Meters Maximun .
The API allows hourly datd
Iy 3 Regional T2M_N
Temperature at 2 Meters Minimum
@ Global T2
ost Point at 2 Meters
Data Reques . temporal/hourly/ e £ Visualize ?;::’D': ot

Wet Bulb Temperature at 2 Meter
T2MWE

The Application Programming Interface

Earth Skin Temperature
TS

~ This applicatio% is a web-based user
(API) delivers Analysis Ready Data (ARD) wwe..... interface to enable no-code access to
for inputs to decision support tools, .. Free— community-specific POWER data,

modeling and forecasting packages, wn..... providing subsetting capabilities for
Schemas and as inputs to scientific research.

Viom

desktop and mobile use.

V50M

‘Wind Direction at 10 Meters
‘wb1or
APlIinformation

3 Wind Direction at 50 Meters
version*

‘WDS50N

«de: 42.42
1981 4 D> b ftude: -144.02

B po
Wind Speed at 10 Meters - G
sy B 3 £l ‘

© Tutorial Esn, FAO, NOAA, USGS | NASA POWER Powered by Esri

in
title: Name

-

¥, NAS;’.\ PMONER | Nata Rrmwien

ricer i Amazon Web Services

The POWER AWS allows users to directly
access the POWER Analysis Ready Data
(ARD) of ~8.5TB.The data is Near Real

Time (NRT), as soon as source data
becomes available from POWER'’s
source data providers.

Geospatial Services

POWER provides Esri® ArcGIS Image
and Feature Services allowing users to
efficiently interact with the POWER data
in Geographic Information System (GIS)
software.

power_901

power_901

power_901

Lﬂ J"'. - ! i w power_901_daily_meteorology_lst.zarr/



Enhanced user interface that enables:

* Selection of groups of parameters based
upon community standards and units

* Ability to_downlo_a_d parameters in general & . y- E——
community specific formats

f%)- POWER | DAVe *=***

Craage

Dark Mode (.

Visualization and charting of key data :
parameters such as: s =
* Thermal Zones e e
* Monthly Heatmaps

* Anomalies

* Annual Cycles

Integrated reporting capabilities such as Climatic Design
Conditions derived from ASHRAE® equations & new
Climate Projections from the NASA Climate
Adaptation Science Investigators (CASI) Program

Iieveraging the Esri® Calcite Design System to implement new user-driven requirements. |



https://developers.arcgis.com/calcite-design-system/

Visualize Data Layer

Monthly Radiation

Right Layer

T

I Users can find an I

interactive tutorial on

the bottom left to get
started & become
accustomed to the
available features. I

Single Point Tool

MJ/mA2/day

MJ/mA2/day

Month

Range Based Annual Cycle Plot of All Sky Surface Shortwave Downward Irradiance (2001/01/01 to 2006/12/31)
I=I -=-

Standard Deviation

B
1]
[}
| |
[* ]
n
s
10186 P 9

Anomalies Plot of All Sky Surface Shortwave Downward Irradiance (2001/01/01 to 2006/12/31)
15
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- N li Please contact the POWER Team’s email if |

you have any feedback on the tool: |arc-
power-project@mail.nasa.gov



mailto:larc-power-project@mail.nasa.gov
mailto:larc-power-project@mail.nasa.gov

POWER: Custom Formats

Industry Standard EPW Format % rower | bata access viewer

North Bay

* POWER supports the hourly EPW I

(EnergyPlus Weather) format: B ° rover sincic point

— Developed for hourly modeling on T — oo S
building systems Qo e %) el

— Used explicitly as input for the @,_ Houty - e
EnergyPlus software and many other =\ Enfar LatgPansor leiainkito Hep b
similar tools | gL Latitude | (.50 to +30 decim degrees)

* Available through DAV under Clar | LR TR
“Sustainable Buildings” group 4 Select Time Extent ~
— Available for user specified location ™ I S T & Somamu 7

End Date 03/05/2015 (MM/DD/YYYY) "'F'Iuh )

— FromJan 1, 2001 to Dec 31, 2019 ——————————————— @

EPW contains numerous parameters FWastington
i n Cl u d i n g te m p e ratu r-el h u m i d i-t>/l SO | a r 3 ;Fhe gggassglso\g/thaeﬁgoﬁgle)period hagfthe most para;ic)eters.
i rra d ia n Cel SO | a r i | | u m i n a n Cel Double-click folders to expas®®and show available parameters. B RichaShd

Search Parameters

cloudiness, etc. (18 now; +6 later)

Norfolk
Meteorology (Moisture and Other) Q

Meteorology (Temperature)

* EPW formats in two options: raw and
CSV compatible.

.-. . NASA's Applied Remote Sensing Training Program

Meteorology (Wind)

n‘ 3 - STECS ey — Mol -
[ o




A Please note this application is in active development. Forward bugs/enhancements to page curator. A

POWER | DAVe ****

Prediction of Worldwide Energy Resource (POWER) | Data Access Viewer Enhanced (DAVe)

_Edmonton

Calgary

Seattle

Ottawa

Toronto
)

Chicago ")Boslon

_New York

Denver
4 St. Louls Washington

San Francisco

Los Angeles Atlanta
24 _Dallas

_Houston

Monterrey Miami

Havana
o

Mexico City Port-au-Prince
C Resa

Guatemala
Latitude: 57.42

Longitude: -109.40

Esri, TomTom, Garmin, FAQ, NOAA USGS, EPA, USFWS Powered by Esri
NASA Officials: Paul Stackhouse, Jr., Ph.D.
NASA Privacy Statement. Disclaimer. and Accessibilitv Certification




temporal/hourly/ N

The Application Programming Interface j
(API) delivers Analysis Ready Data (ARD)
for inputs to decision support tools,
modeling and forecasting packages,
Schemas and as inputs to scientificresearch. |EEEEENEE = ..

APlIinformation
version*

Folder '

Pt POWER provides Esri® ArcGIS Image
~ and Feature Services allowing users tc

Show | 50

=, r = J
efficiently i *OWER data Object
in G aphic Information System (GIS)

power_901

software.
~|‘. power_901

power_901

Data Access Viewer

This application is a web-based user
interface to enable no-code access to
community-specific POWER data,
providing subsetting capabilities for
desktop and mobile use.

¥, NAS& PMONER | Nata Rrmwien

Amazon Web Services

The POWER AWS allows users to directly
access the POWER Analysis Ready Data
(ARD) of ~8.5TB.The data is Near Real

Time (NRT), as soon as source data
becomes available from POWER'’s
source data providers.

power_901_daily_meteorology_lst.zarr/

% - How do we serve application-ready data to our users?




7%y~ New Geospatial Feature & Image Services

POWER released 15 new/updated Esri® ArcGIS geospatial services. These services allow users to
visualize & explore POWER datasets as well as enable the data to efficiently interact with GIS

applications & tools. Available on: Esri Living Atlas of the World & NASA ArcGIS Online (AGOL)
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Mete?r\OIogy

. ¢Monthly |
i__ o Meteorology
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Metgoro
Climatology
n. 4

Radiation.
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Radiati > 4

" Climatology
W

e
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‘_(il'lmate Zones |,

1984-2021
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Wi dCA |
s L ind Componen
Azimuth . Horizon.

4 2 -
¢Monthly Battery Sizing [l Tilted Surface

Wind Speed |
E— ¢Monthly

N (s
Wind Comp

g Annual)

Climatology Climatology
N T 4

Climatology Climatology
B B

Solar Geometry Climatologies

Esri®: is a registered trademark of the Environmental Systems Research Institute, Inc.


https://livingatlas.arcgis.com/en/browse/#d=2&q=POWER%20NASA
https://nasa.maps.arcgis.com/home/item.html?id=20279f87bfbe4cb4a4aa4a8195bcba17

How do we serve application-ready data to our users?

’i; NASA PMOER | Nata Rrnwien

rder I Amazon Web Services « o

Show | 50 The POWER AWS allows users to directly

access the POWER Analysis Ready Data

(ARD) of ~8.5TB.The data is Near Real
Time (NRT), as soon as source data

power_901 . 1
becomes available from POWER's

power_901 source data providers.

power_901

power_901_daily_meteorology_lst.zarr/



POWER in the Cloud

Hosted Data Methodology,
Documentation & Examples

Cloud-Optimized & Data
Directly Accessible

RESTful APl Supported by Scalable
Serverless Architecture & DevOps

Open Data ®
on AWS Data
Exchange

Via the NASA Mission
Cloud Platform

netCDF

~gi>

ANALYSIS & HOSTING &
DISTRIBUTION TRANSFORMATION




The POWER AWS data store allows users to directly
access POWER's entire Analysis Ready Data (ARD)

~8.5TB catalog.
* Near Real Time (NRT), as soon as source data
becomes available from our source data

providers.
* Meteorological: ~2-3 days
* Solar ~5-7 days
* Follow Open Standards: OpenAPIl, GeoJSON,
and more

Links:

* https://registry.opendata.aws/collab/nasa/

* https://registry.opendata.aws/nasa-power/

* https://power-analysis-ready-datastore.s3.us-
west-2.amazonaws.com/index.html

* https://power-datastore.s3.us-west-
2.amazonaws.com/index.html

- How do I access all the POWER Data directly?

Registry of Open Data on AWS

NASA Prediction of Worldwide Energy Resources
(POWER)

(ot J i cuaiy J onttics [ arives J mosphere J clmate [ cimte mocel J] iea assmiation [ dep eoming J car bservton J ereray
Wty J meang J oty meteoriogal
(o et Soelie magery J soar J siatsic P susavobiy (e =)

Resources on AWS

cience is to observe, understand, and model the Description
POWER's Zarr Analysis Ready Data (ARD) Datasets

Description

er how it is changing, to better predict change,
and to understand the consequences for life on Earth. The Applied
Sciences Program serves NASA and Society by expanding and
accelerating the realization of societal and economic benefits from

Resource type
53 Bucket

The NASA Prediction Of W

a NASA Applied Scienc

NASA Earth Observations (EO) supporting commun

focus areas: 1) renewable energy development, 2) building ¢
efficiency, and 3) agroclimatology appli s. POWER can
communities be resilient amid observed te variability t
easy access of solar and meteorological data via a verity of « Show | 50 v entries Search:

B Hide folders? R Folder ¥ Bucket

methods.

The latest POWER version includes hourly-based source An: Object 1: LastModified T Timestamp 1T size
Data (ARD), in addition to enhanced \

climatology ARD. The daily time-seri

available from 1981 ar

hourly source data are from Cloud Radiant
System (CERES) and Global Modeling and Assimilation Offic power_001_constants.zarr/

power_901_annual_meteorology_utc.zarr/

power_901_annual_radiation_utc zarr/

power_901_daily_meteorology_Ist zarr/
power_901_daily_meteorology_utc.zarr/
power_901_daily_precipitation_utc.zarr/
power_901_daily_radiation_lst.zarr/
power_901_daily_radiation_utc.zarr/
power_901_hourly_meteorology_utc.zarr/
power_901_hourly_radiation_utc.zarr/
power_901_monthly_meteorology_utc.zarr/
power_901_monthly_radiation_utc_zarr/
ceres json

st_data_processing.json

exira_last_data_sync json

n



https://registry.opendata.aws/collab/nasa/
https://registry.opendata.aws/nasa-power/
https://power-analysis-ready-datastore.s3.us-west-2.amazonaws.com/index.html
https://power-analysis-ready-datastore.s3.us-west-2.amazonaws.com/index.html
https://power-datastore.s3.us-west-2.amazonaws.com/index.html
https://power-datastore.s3.us-west-2.amazonaws.com/index.html

The POWER Project provides Jupyter®
notebooks, available to:
* provide step-by-step instructions on how to _
use POWER'’s data services and tools. o ‘ . ° o
* teach users how to interact with the POWER . : ’ ,
API without the need for additional software. jupyter
* demonstrate how to integrate POWER services
into external applications.
* use Python to perform parameter analysis by
creating tables and plots.

Hyperlink: NASA POWER API Access Notebook

Images from the Jupyter Project's Website:https://jupyter.org/

Jupyter®: is a registered trademark of the Jupyter Project


https://nasa.maps.arcgis.com/home/item.html?id=2ce6a33c6ce741daae6cac6f69c301d3

Use Cases:
Sustainable
Infrastructure




N =
4-Year Rolling Bt
wThermal & Thermal ; 7
e ”"“Elwimate Zon ing
1984-2021

X ~-Moisture Climate Zon
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e
N

1984 through 2021.

POWER is working with ASHRAE to create [ Urban Solar uses POWER's API to retrieve
Building Climate Zone Maps for the globe,
as well as “rolling” climate zones from 4-year
means to illustrate the changes in time from

minimum solar irradiance to then
manufacture & place solar power systems
& LED lightning solutions for applications
such as transit, transportation & parking lots.

Argonne National Laboratory uses
POWER data products to feed into PV
installation models to develop
probabilities of power generation over
potential power outage windows.

Saildrone is using data from POWER to
determine viable operations season &
make strategic engineering tradeoff
decisions for wind & solar-powered
uncrewed surface vehicles.

EOSDA's operational crop growth
monitoring system monitors crop behavior
& produce crop yield forecasts; POWER

meteorological data is a key input to this
system.




Solar Insolation Lookup
Tool @ 4=

Natural Resources Canada’s RETScreen®
uses POWER climatological averages to
calculate feasibility & performance related
to energy efficiency, heating/cooling &
power generation. 800k users!

POWER data supports the Decision
Support System for Agrotechnology
Transfer tool, used for modeling crop yield
1 prediction & assessing the impact of
» climate change on global food security.

SIL's Solar Insolation Lookup Tool predicts
power output from a solar panel
anywhere in the world using hourly data
from POWER.

@ Yield [kWh/month ] Abs 7315 kWh

® Array1 Array2

880 gs8 ez 811
742 =1 = 746 747

| e
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463 —

270

174 6
r
| SusEnergy uses POWER's API to obtain data |° | SolarCalc uses data from POWER to |
to feed into their app for site-specific compute how many solar panels (including
design of photovoltaic & wind energy arrangement) are needed to power different
systems. types of solar-powered water pumps.




Natural Resources Canada’s RETScreen® Clean
Energy Management Software Platform

Renewable Energy World's leading clean energy decision SOMIER prevides sllelbsl deim s

making software for benchmark, feasibility,

Development performance, and portfolio analysis related c||mato|.og|ca| SATIEIH RS

. ) . embedded in the software and near-real
to energy efficiency, heating/cooling, power : : : : :
. : . time data obtained via a direct connection
generation, and cogeneration, with

800,000+ registered users. to POWER.
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RWDI (Rowan Williams Davies & Irwin, Inc.) Consultants

RWDI helps engineers, architects, & Their studies routinely help shape the
designers understand how their buildings design of the individual buildings as well
interact with the sun, with the goal of as campus or city-scale urban
minimizing each project's impact on the design. Before discovering the POWER

natural world. RWDI has been involved in Project, RWDI found high quality, global
solar and thermal comfort related work for ~ solar data hard to come by. Now, POWER
hundreds of projects across all 7 data is used within the suite of their in-
continents. house analysis tools.

)
} Time: 13:00
Peak Reflected Irradiance: 1903.5 W/m?
Image & GIF created by RWDI, Inc. Consultants




RWDI (Rowan Williams Davies & Irwin, Inc.) Consultants

RWDI helps engineers, architects, &

Their studies routinely help shape the
design of the individual buildings as well
as campus or city-scale urban
design. Before discovering the POWER
Project, RWDI found high quality, global
solar data hard to come by. Now, POWER
data is used within the suite of their in-

Sustainable
Infrastructure

designers understand how their buildings
interact with the sun, with the goal of
minimizing each project's impact on the
natural world. RWDI has been involved in
solar and thermal comfort related work for
hundreds of projects across all 7
continents.

!
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house analysis tools.

Building glare & associated

irradiance modeled throughout
the day:
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American Society of Heating, Refrigerating &
Air-Conditioning Engineers (ASHRAE)

The POWER Project is working with the Using MERRA-2 data, POWER creates
ASHRAE professional association to utilize ASHRAE Building Climate Zone maps for
POWER data for the creation their Climatic world, as well as “rolling” climate zones

Design Conditions Report, seeking to from 4-year averages, to illustrate thermal

make the report more accessible to the zone changes over time from 1984

global public. through 2021.

ANSI/ASHRAE Standard 169-2021
(Supersedes ANSI/ASHRAE Standard 169-2020)
Includes ANSI/ASHRAE addenda listed in Appendix C

Climatic Data for
Building Design
Standards

© 2021 ASHRAE ISSN 1041-2336

Includes Web-based acc
(Requires Adobe Acrob:
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Urban Solar

Urban Solar manufactures solar power
systems and LED lightning solutions for
transit, transportation, parking lots,
pathways, & general illumination
applications. Their philosophy is good
lightning allows people to feel safe in
outdoor spaces.

T T DU SRS | RIS,

R IEA St

Urban Solar uses POWER's API to retrieve
minimum solar irradiance and to calculate
the power generated by solar arrays. They
then use this information to manufacture &
place solar power systems and LED
lightning solutions.
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User Location

Request Arcs

Data Location

Data Requests
k NASA

After Geos - tial Services
2018/05/01 to 2024/02/29

POWER fulfills 12+ million

456,387,256
data requests for over 35,000 150.13 TB
unique users per month. f Unique Users 926,090

2024/03/07 00:00:00

Prediction Of Worldwide Energy Resources



ntacting the POWER Project!

I
!
I
o Direct Email Communications
= Answering User Questions

= Gathering Feedback on Data & Tools
= Colleting User Stories & Publications

How does POWER connect with our users?

--------*

= Sharing Project Updates I
l
Social Media & Website Posts: Connecting & Partnering w/ Users:
= NASA Twitter = Hosting User-centric Events
= Project Partner Websites = Presenting at Conferences
= Farthdata Learning Resources = Creating Meaningful Partnerships
= Agency-wide Announcements = \Writing Joint Publications

desri

Mapping Renewable
Energy Potential with Help
from NASA POWER

NASA Earth Data Powers Energy-Saving [ £ [wlin| D]+

Decisions I

%‘

= \Working Event Booths

Come celebrate NASA POWER’s 25th anniversary at
the first virtual Global Community (GloCo) Summit
event! Learn about tt enhancements, help
drive future i with keynote
speakers. #e iloCo

Register here: g

Community Summit
September 21" and 22", 2022 7,

\POWER
e e

rOQWER

POWER Enhanced (Beta) Data Access
Viewer Feedback




PRUVE +
Demo




The in-development PaRameter Uncertainty ViEwer (PRUVE) application utilizes statistical analysis &
visualization capabilities to compare in situ surface site data with POWER's data. The application allows
technical & non-technical users to assess data uncertainty within the web framework, lowering the overall
level of complexity of assessing data uncertainty.

Solar radiation comparison data |
from the World Climate Research I

Programme's (WCRP) Baseline
Surface Radiation Network (BSRN)

I Meteorology comparison data
from the National Oceanic and
I Atmospheric Administration

L(NOAAt station reporting systems



https://www.wcrp-climate.org/
https://bsrn.awi.de/
https://bsrn.awi.de/
https://www.noaa.gov/
https://www.noaa.gov/
https://www.noaa.gov/

o e e -

1
I The tool enables spatial visualizations & specific point-based

analysis for single data series and multiple data series. Tool |

I

I

Slope
Slope Standard Error

Slope Uncertainty

| capabilities include:

I’ Interactive visualizations of meteorological datasets of various
chart types

|+ Text-based statistical information in support of the visualizations |

1 A resizable interactive map

Slope Confidence Interval
Intercept

Intercept Standard Error
Intercept Uncertainty

Intercept Confidence Interval
Correlation Coefficient
Coefficient of Determination
Probability

Decade Slope

Decade Uncertainty

Decade Standard Error
Weatherhead Uncertainty
Weatherhead Years To Significance
Weatherhead Significance
Standard Deviation

Standard Deviation (Lower Bound)

Standard Deviation (Upper Bound)

e
e
L
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Standard Error of the Mean




v @ POWER|PRUVE x [k
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power.larc.nasa.gov/parameter-uncertainty-viewer/

POWER | PRUVE &s=iezs

PaRameter Uncertainty ViEwer (PRUVE)

About ==

The NASA Prediction Of Worldwide Energy Resources (POWER) project's PaRameter
Uncertainty ViEwer (PRUVE) application provides data validation capabilities utilizing
statistical analysis and visualizations for solar radiation and meteorological data
parameters. N

Specifically, the PRUVE application uses surface observed site data for comparison with
POWER's data. Meteorological data is from National Oceanic and Atmospheric
Administration (NOAA) station reporting systems: NOAA Integrated Surface Database
(ISD) at hourly temporal resolution and the NOAA Global Surface Summary of the Day
(GSOD) at daily temporal resolution. Solar radiation data is from the World Climate
Research Programme's (WCRP) Baseline Surface Radiation Network (BSRN) and is
available at hourly and daily temporal resolutions. Each data source has different site
selection and data quality requirements.

For basic statistical characterization of a single location, navigate to the Descriptive
Statistics tab at the top of the page. To compare POWER data to surface observations
select the Comparative Analysis tab. Other plotting and statistical capabilities are found
under the Advanced Plotting tab.

Note that all validation data are pre-processed and displayed within the application with
available data site locations indicated by color coded points on the map. Please follow
the prompts for each of the tools. When you select a location, the application
determines the surface site closest to your area of interest. All times in the application
are represented in standard Coordinated Universal Time (UTC) unless otherwise stated.

NASA Officials: Paul Stackhouse, Jr., Ph.D.
NASA Privacy Statement, Disclaimer, and Accessibility

Descriptive Statistics:
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POWER Works With NASA’s Infrastructure Office

Climate Adaptation Science

Investigators Workgroup (CASI2)
* Purpose: To provide

within NASA's b & S——
Office of Strategic Infrastructure ate and many other countrie
(OSl) concerning potential future

rpeteorologlcal condltlons: 'fn:nd
risks relevant to NASA facilities. - F— ,

* Subgroups: Energy, Extreme A ' ®
Events, Sea Level Rise and Coastal
Flooding, Water Budget, and

Wallops
Flight Facility

L RESEAR
U H AR 1 Nk’é[\y Hehd%ﬁaﬂ’enrs =

Wileiils
ey Quantiy potent
* Energy: Quantify potential changes =ty Assemsbly Faclty

in total annual and monthly heating
and cooling degree days,
associated changes in the
ASHRAE® thermal zones, and other
parameters relevant to building
energy systems.



NASA NEX Data: Downscaled Class Parameter

Climate Model Data Temperature Mean, Min, Max
Humidity Specific, Relative
Purpose Wind Wind speed
Downscaled data provides more information across Precipitation Water amount
a regional area than coarse raw climate model P
output Radiative Solar, thermal
Characteristics infrared
» NASA Exchange (NEX) Global Downscaled — . v AibE Hodal
Data Product (Thrasher et al., 2023) Dajly. Alr Temperat”reiaﬁgg?ggsegfcﬁycgy{;}acmss ares
» Spatial and Time Coverage: Daily data, ¥°x"4°, SSP3
60°S-90°N, 180°W-180°E; 1950-2100 211 — ssp2

» Ensemble average: 22 models (removed — SSP1

spurious "hot” models; Hausfather et al., 2022)
» Variables available: 9 meteorological variables

> Bias corrected with Princeton (GFDL)
climatology (Sheffield et al., 2006)

3 Shared Socio-economic Pathways (SSP)

Low (SSP1_26 Sustainability - Taking the Green Road

N
o

18

Daily Air Temperature
[
O

Medium (SSP2_45) Middle of the Road
High (SSP3_70) Regional Rivalry - A Rocky Road




Heating Degree Days: Yearly Sum Across Models and Obs
Langley Research Center

fTT= S /= = = _————me=- 2600 — = 000
New Climate Projections data download & I oder mion ; -.
. ) ) 2400 - Model: Medium < Heatlng Degree DayS I
visualizations, developed as a part of the NASA 1200 - Model: Low | I s i~ A

Model: Hist. Run
2000 Obs (Langley AFB)
MERRAZ

I
Climate Adaptation Science Investigators Program. |

| | | | | | | | | | | | | | | | |

1800 Cooling Degree Days: Yearly Sum Across Models and Obs
i Langley Research Center

1600 .'&\J“ ”

A\ Please note this application is in active development. Forward bugs/enhancements to page curator. i

Feedback & Dark Mode &
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Langley Research
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San Francisco

Seeking to provide
data products for
communities around

I
I NASA centers and then :
expand projection [
[
I

= 05 Angeles

I spatial coverage of
data products to a

Powered by Esri
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Projected Annual Sum Cooling Degree Days Above 10 C from 2015 to 2100 for Goddard Space Flight Center (Ensemble Average)

Low- SSP1
A\ Please note this application is in active development. Forward by 3600 Med- SSP2
— High-SSP3
Beta v2.0.21
_ POWER | DAVe >
Prediction of W iwide Energy Resource (POWER) | Data Access Viewer Enhanced (DAVe) E
2 3200
: " ¥ .
Climate Projections T

| 3000
Single Point (Data Download) 2800

User Community {r) 2600
2015 2020 2025 2030 2035 2040 2045 2050 2055 2060 2065 2070 2075 2080 2085 2090 2095 2100

Year
Temporal Level

Latitude
Longitude

Time Period

Change in Cooling Degree Days
(=]

Model

Scenario 3 Month

Projected Monthly Change in the Average Number of Heating Degree Days Below 18.3 C for Goddard Space Flight Center (2065 to 2085 rninl

! — .. .. -
-20
-40

January  February March April May June July August  September October November December

B High-ssp3
Med- SSP2
Low-SSP1

Projected Four-Year Rolling ASHRAE Thermal Zones from 2015 to 2090 for Goddard Space Flight Center (Ensemble Average)
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Parameters

(https://power.larc.nasa.gov)




When in High

When in Medium

When in Low

Thermal Thermal Zone . . . . . .
Center Zone Change? Chanae Emissions Emissions Emissions
ges g Scenario? Scenario? Scenario?
Glenn Yes 5-->4 After 2030 After 2030 After 2030
Johnson Yes 2-->1 After 2045 After 2091 No change
Langley Yes 3-->2 After 2060 No change No change
After 2028 (to 3)

Goddard Yes 4 ->2 After 2085 (o 2) After 2028 (to 3) | After 2028 (to 3)

o OT data prog ate 2 ange 2 S 5 ate zone



NASA POWER Climate Data Services - What'’s Next?

[ Integrate real-
|world NASA | eseien of oo

A\ Please note this application is in active development. Forward bugs/enhancements to page curator. g
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%) Who does POWER collaborate and/or partner with?

o el=IS
Partner with User

Communities to Provide
Climate-related Datasets

* POWER supports global
community addressing
challenges with broad societal
benefits, utilizing key decision
support tools

Enables the sizing, monitoring
and sharing energy generated by
community solar systems
programs such as roof-top solar
Example: RETScreen”
International (20+ year
collaboration), DSSAT

to Improve Energy
Efficiency & Resources

» Growing demand for clean
energy investments &
requirements for corporate risk
disclosure

Enable/empower small
businesses to corporate investors
to conduct economic efficiency
analyses (improve the bottom line
& reduce emissions)

Example: ASHRAE, Consumer
First Renewables, Saildrone, etc

Education
Secto \ "

Paﬂﬁer with Educatbrs
to Build Earth
Observation Literacy

Growing need for improved EO
educational resources; projected
8% growth in job market by 2029

POWER provides a free, single-
source of multiple datasets &
variables to teach EQ best
practices for a wide-range of
project types

Examples: U. of Wisc, National
Wildlife Federation, My NASA
Data on-line, U. FL, U. Utah

Federal &
Nonprofit

_Enhance International
Reach & Support
" Development Apps

« Urgent need for decision-making
data to support growth in all
POWER sectors along with global
climate change commitments

» Examples of collaboration:
NOAA, DOE/NREL, DOI, GAO,
RETScreen, Metropolitan
Group, IEA, IRENA



The team loves to hear feedback :
on POWER's data & applications. |
You can reach out to the POWER
team direct via our email: larc- |

power-project@mail.nasa.gov |

This OR code leads to
POWER's "Contact Us"
information, as seen below.

You are a part of our community!

Contact Information

US Gov. Educatlon

The POWER Project likes to
[ External Gov. Non-Profit I
| showcase presentations, papers,
| & projects that have used POWER
[ Local Gov. Staﬂ_ups ] I dgta.& tools on our Yvebsite &
:_W|th|n our presentations.
——————————————— oJ

[ Commeraal App Devs



mailto:larc-power-project@mail.nasa.gov
mailto:larc-power-project@mail.nasa.gov

National Aeronautics and
Space Kdminis:cratioﬁ'7ff‘
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Predlctlon of WorIdWIde Energy Resources

)

Prediction Of Worldwide Energy Resources (POWER) | NASA Langley Research Center | NASA Applied Sciences Program

Monthly snapshot of user locations connected to data request locations



I P! Vision, & Oversight
B Research & Validation

Communications, Marketing, & GIS
B Technical & Web Development

Paul Stackhouse, Jr., Ph.D. Falguni Patadia, Ph.D. Strategic Planning
NASA POWER Principal NASA POWER Co-Principal
Investigator Investigator

Brad Hegyi, Ph.D Amanda Merritt Claire Baldacci
Data Analyst for Climate Strategic Communications Geospatial Data Scientist &
Services Specialist Energy Analyst

Taiping Zhang, Ph.D Colleen Mikovitz Neha Khadka
Senior Research Scientist Research Scientist Research Scientist

Zoe Waring
Scientific & Technical Writer

4_ A

A. Jason Barnett
Geospatial & Technology
Developer

Bradley Macpherson Christopher Higham
Geospatial & Technology Geospatial & Technology
Developer Developer

Valeria Green Benjamin Landes Nikhil Aluru
Font End Software Engineer Web Developer Data Scientist
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