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What is POWER? 

Renewable Energy 
Development

1

Assisting in Energy 
System Design

POWER's Renewable Energy 
Web Data Services provide 

access to parameters 
specifically tailored to inform 
the design of solar and wind 
powered renewable energy 

systems

The Prediction Of Worldwide 
Energy Resources (POWER)1

Project aims to improve the 
capability for integrating 
environmental data from NASA 
Earth Observations (EO), regarding 
surface solar irradiance and related 
parameters, into decision making 
processes regarding energy and 
agriculture

As a NASA Applied Sciences 
project, POWER creates application 
ready datasets and improves the 
accessibility and usage of EO data 
supporting community research in 
three focus areas

Agroclimatology 
Applications.
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Enhancing Food 
Security

POWER's Agroclimatology 
Web Data Services are 

designed to provide web-
based access to industry-

friendly parameters 
formatted for input to crop 
models contained within 

agricultural decision support 
tools.

National Aeronautics and
Space Administration

Building Energy 
Efficiency & 

Sustainability

2

POWER's Sustainable 
Buildings Web Data Services 

provide industry-friendly 
parameters for the buildings 

community in customized 
formats for input to building 

decision support tools.

Informing Building 
Energy Efficiency 
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Use
Cases

Parameters

Formats

Resolution

Software

COMMUNITY
REQUIREMENTS

GMAO

CERES

Syn1DEG

SOURCE
IDENTIFICATION

FPI-IT

MERRA2

IMERG

GPM

NASA 
LaRC 
SRB

FLASHFlux

Provision of free, customized, 

value-added, application 

ready, trusted solar & 

meteorological data for both 

current and future climates.

POWER Is 100% Driven by USER NEEDS



Data Products | Global Surface Solar Radiation
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• Hourly 

since 2001

• Daily, 

monthly 

back to Jan 

1984

• Latency 

within 3-4 

days (solar 

a longer)
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GEWEX SRB 4.0 FLASHfluxCERES SYN1Deg

Hourly

Production System:

• Daily solar data products from 1984 provided 

through 7 days of real-time at 1 Deg resolution

• SRB to CERES SYN1Deg, to FLASHFlux

• Hourly from 2001 through 3-4 months of 

observation

Source
Temporal Span Temporal Average

Description
Start End Input Output

GEWEX SRB 4.0 Jan 1, 1984 Dec. 31, 2000 Daily
Daily, Monthly, Annual, 

Multi-year

Satellite analysis from global cloud imagers (from geosynchronous 

and polar orbiters satellites) using radiative transfer lookup tables

CERES SYN1Deg 

(Ed 4A)
Jan 1, 2001

End of SYN1Deg 

(current)
Hourly

Hourly, Daily, Monthly,

Annual, Multi-year

Satellite analysis from CERES convolved with MODIS for scene and 

TOA fluxes, then uses radiative transfer with additional input from 

geosynchronous satellites and other inputs to produce surface fluxes

CERES FLASHFlux
End of SYN1deg 

(current)
Near Real Time Daily

Daily, Monthly, Annual, 

Multi-year

Satellite analysis of CERES (reflected solar) and MODIS (cloud 

imager) measurements (on Terra and Aqua satellites) providing daily 

averaged estimates of radiative fluxes within 5-6 days of real-time.

Production Data Timeline

1984 2001 3-4 Month NRT
Latency   (~7 days)

Data Source | Global Surface Solar Radiation

https://eosweb.larc.nasa.gov/project/srb/srb_table/
http://flashflux.larc.nasa.gov/


Data Products | Global Surface Meteorology

RH (2m)

Ws
(10 m) Precip

(cm) 6

T (2 m) Tmin
(2 m)

Tmax
(2 m)
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MERRA-2
GEOS 

5.12.4

1981 2001 3-4 Month NRT
Latency   (~2 days)

Hourly

Production System:

• Daily surface meteorology data products from 

1981 provided through 3 days of real-time

• MERRA-2 to GEOS 5.12.4

• Data is at ~half degree spatial resolution

Source
Temporal Span Temporal Average

Description
Start End Input Output

MERRA-2 Jan. 1, 1981 End of MERRA-2 (current) Hourly
Hourly, Daily, Monthly,

Annual, Multi-year

Atmospheric reanalysis with assimilated observations (1-2 

months behind real time)

GMAO FP-IT

(GEOS 5.12.4)
End of MERRA-2 Near Real Time Hourly

Hourly, Daily, Monthly,

Annual, Multi-year

Atmospheric reanalysis with assimilated observations with less 

assimilated observations, available within 2 days of real-time

IMERG Jan 1, 2001 Near Real Time Daily Daily

The Multi-satellite Retrievals for GPM (IMERG) algorithm provides 

estimates of precipitation in UTC time at 10 km resolution, 

available within 2 days of real-time. 

Production Data Timeline

Data Source | Global Surface Meteorology

http://gmao.gsfc.nasa.gov/merra/
https://gmao.gsfc.nasa.gov/news/geos_system_news/2016/FP-IT_NRT_G5.12.4.php
https://gmao.gsfc.nasa.gov/news/geos_system_news/2016/FP-IT_NRT_G5.12.4.php
https://gpm.nasa.gov/data/directory
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Use
Cases

Parameters

Formats

Resolution

Software

COMMUNITY
REQUIREMENTS

GMAO

CERES

Syn1DEG

SOURCE
IDENTIFICATION

FPI-IT

MERRA2

IMERG

GPM

NASA 
LaRC 
SRB

FLASHFlux

Provision of free, customized, 

value-added, application 

ready, trusted solar & 

meteorological data for both 

current and future climates.

POWER Provides Trusted Latest Version Of Datasets

BSRN, 
ARM

NOAA
ISD, GSOD

SOURCE
VALIDATION



How Is Data Parameter Quality Determined ?

-4                -2             0               2               4

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

POWER uses 
surface 
measurements 
to characterize 
data product 
uncertainty

Validation at 
various temporal 
scales (up to 
hourly) and 
assessments for 
value-added 
products as 
observations 
available

See 
“Methodology 
Documentation” 
pages for more 
information and 
statistics
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Use
Cases

Parameters

Formats

Resolution

Software

COMMUNITY
REQUIREMENTS

GMAO

CERES

Syn1DEG

SOURCE
IDENTIFICATION

FPI-IT

MERRA2

IMERG

GPM

NASA 
LaRC 
SRB

FLASHFlux

Provision of free, customized, 

value-added, application 

ready, trusted solar & 

meteorological data for both 

current and future climates.

Beyond Data Needs | Accessibility

BSRN, 
ARM

NOAA
ISD, GSOD

SOURCE
VALIDATION

Cloud
Optimized

AWS
Open Data

HOSTING &
TRANSFORMATION

AWS
Serverless

Capacity
Building

Webinars

Trainings

ConferencesJupyter
Notebooks

EDUCATION &
PARTNERSHIPS

Partners Joint 
PublicationsSpace Act

Agreements

Online
Catalogs

GeoJSON

GeoTIFF

Zarr

Charts & 
Reports

Data Access
Viewer

RESTful
APIs

Geospatial
Services

ArcGIS
OGC

NASA 
AGOL

Esri
LAW

ICASA

EPW

NetCDF

ANALYSIS &
DISTRIBUTION

Application 
Ready
Data



POWER Services for Data access

Different users require different ways to access the same data

APIS

DATA ACCESS

VIEWER

GEOSPATIAL

SERVICES

AMAZON WEB

SERVICES

Creating trusted, value-added, easy-to-use Application Ready Data & Services
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POWER Products & Services | RESTful APIs & Geospatial Services

POWER is currently providing 
image services for annual 
radiation, annual meteorology, 
monthly radiation, and monthly 
meteorology, and climatologies

The services can be accessed via the 
NASA eGIS Portal for ArcGIS POWER 
Group, NASA ArcGIS Online POWER 
Group, and the Esri® Living Atlas of 
the World (submitted on 
11/30/2021). 

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

Jupyter Noteboos
User Tutorials & Documentation

https://nasa.maps.arcgis.com/home/group.html?id=4b75def515df430980faebca6a007465&view=list#content
https://nasa.maps.arcgis.com/home/group.html?id=4b75def515df430980faebca6a007465&view=list#content
https://arcg.is/1SWeW8
https://arcg.is/1SWeW8
https://livingatlas.arcgis.com/en/browse/
https://livingatlas.arcgis.com/en/browse/


Data Access Viewer for Obtaining Data

From the main page, one may 
select either the old or the new 
Data Access Viewer
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Building Climatic Design Conditions Climate Variability and Anomalies Report Windrose Report Table by NREL Classes

Analytic Data Services | Reports



RETScreen®: is a registered trademark of the Government of Canada’s Natural Resource Canada.



Renewable Energy 
Development

Wicked Joe Organic Coffees

Wicked Joe Coffee utilized RETScreen™
and POWER data to determine that a 

glazed solar wall would result in 40% more 
heat savings of approximately $10,000 per 

year.

“The benefits of solar, in our view, go far 
beyond the financial considerations or return 
on investment. While some regions may have 

‘more optimal’ conditions for solar, we 
believe that any place where the sun shines is 

a good place for solar.”

–Bob Garver, Wicked Joe Founder



Building Energy 
Efficiency & 

Sustainability

American Society of Heating, Refrigerating 
and Air-Conditioning Engineers (ASHRAE)

Using MERRA-2,  POWER creates Global 
ASHRAE Building Climate Zone maps, as 
well as“rolling” climate zones from 4-year 

means to illustrate the changes in time 
from 1984 through 2021.

The POWER project is working with 
ASHRAE professional association to make 

their Climatic Design Conditions report 
available to the public with POWER data 

globally. 

Building Climatic Design Conditions



POWER Users | Impact of Modern Technology Adoption

POWER fulfills 
7+ million data requests 

for over 
30,000 unique users 

per month

Snapshot of user locations connected to data request locations for 1 day 

https://power.larc.nasa.gov

Before Geospatial Services

1999/06/01 to 2018/05/01

Requests 35,988,533

Data Volume 3,612 GB
The data volume is available from 6/01/2019

After Geospatial Services

2018/05/01 to Present

Requests 340,264,728

Data Volume 110.46 TB

Unique Users 734,389



19

Roadmap | POWER’s Future Plans

New & Improved Datasets from 
Providers (including predictive 
data!)

Enhanced Data Production 
Technologies

Increased User Community 
Engagement & Communication
(e.g Validation Tool PRUVE)



Roadmap | Climate Data Services

POWER Rolling Climate Thermal Zones 
1984 to 2021

• NASA-wide project to assess building 
system sustainability for operations, 
maintenance and planning according to 
Federal regulations

• Assess and utilize NASA Earth Exchange 
(NEX) Global Downscaled Data Product from 
CMIP6 model data products:

• 22 of 26 models utilized; runs out to 2100

• 3 SSPs processed

• 60°S-90°N, all longitudes; downscaled to 20 
km; daily temporal resolution

• 9 parameters including: T, Tmin, Tmax, RH 
(q), Wind Speed, Precip, SWdown, Lwdown

• 22 Member Ensemble for each SSP processed 
to assess CCD/HDD at each center



Roadmap | Online Data Validation Tool (PRUVE)

• Currently working on a new 
web-application called 
PaRameter Uncertainty ViEwer
(PRUVE)

• Provides Ability to assess the 
uncertainties of the data products for a 
region and time period of interest 

Key Features:

• Single feature service provides the 
underlying uncertainty statistics​

• No-coding access

• Prototype to include ~3,000 surface sites​

• Dynamic data visualization available for each 
site

• Creates maps, plots, and conducts spatial 
analysis on the fly​

• Automatically displays referenced statistical 
content

• Integrated image service as a backdrop​



22Esri®: is a registered trademark of the Environmental Systems Research Institute, Inc.

Connect with POWER & Learn More

Explore POWER’s docs & 
learning resources!
➥ Esri® ArcGIS StoryMap

➥ POWER Services Dashboard
➥ API Landing Pages
➥ Methodology Docs

Reach out to POWER directly! 
larc-power-project@mail.nasa.gov

falguni.patadia@nasa.gov

Submit your user stories & 
POWER-featured publications! 

➥ The team keeps a list of 
presentations, papers, & projects that 

have used POWER Data.
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2016 2017 2018 2019 2020 2021

Publications that Mention POWER 
by Year

Energy Webinars

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

https://arcg.is/0Xe851
https://power.larc.nasa.gov/dashboard/
https://power.larc.nasa.gov/api/pages/
https://power.larc.nasa.gov/docs/methodology/
mailto:larc-power-project@mail.nasa.gov
https://power.larc.nasa.gov/docs/references/publications
https://power.larc.nasa.gov/docs/references/publications
https://appliedsciences.nasa.gov/join-mission/training/english/arset-nasa-earth-observations-energy-management


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

Website: https://power.larc.nasa.gov

Principal Investigators: Dr. Paul W. Stackhouse, Jr. & Dr. Falguni Patadia – National Aeronautics and Space 

Administration (NASA)

Co-Investigators:

• Bradley Macpherson, Madison Broddle, Christopher Higham, Claire Baldacci, & A. Jason Barnett – Booz Allen 

Hamilton (BAH)

• Taiping Zhang, Colleen Mikovitz, Bradley Hegyi, & Neha Khadka – Science Systems and Applications, Inc. (SSAI)

Thank you!

Trade names and trademarks are used in this presentation for identification only. Their usage does not constitute an 
official endorsement, either expressed or implied, by the National Aeronautics and Space Administration.

https://www.earth
data.nasa.gov/learn
/articles/power-
overview

mailto:larc-power-project@mail.nasa.gov
https://power.larc.nasa.gov/
https://www.earthdata.nasa.gov/learn/articles/power-overview
https://www.earthdata.nasa.gov/learn/articles/power-overview
https://www.earthdata.nasa.gov/learn/articles/power-overview
https://www.earthdata.nasa.gov/learn/articles/power-overview
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