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'+ NASA's POWER Project

**  Prediction Of Worldwide Energy Resources (POWER)

hitps://power.larc.nasa.qgov
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2018/05/01 — 2020/11/30

Requests > 139 Million
Unique Users ~283,500
Data Volume ~12.8 TB

1999/06/01 — 2018/04/30
Requests ~36 Million
Data Volume 3.5TB

Prediction Of Worldwide Energy Resources

Data Request Locations, Data Access Viewer — June, 2019

Arcs : User ?Data



The POWER Data Archive uses NASA research and modeling data products.

Temporal Coverage

GEWEX/SRB 3.0 July 1, 1983 Dec. 31, 2007 Satellite analysis from global cloud imagers

(fromm GEO and Polar orbiters)

Satellite analysis of CERES (reflected solar)
CERES FLASHFlux  Jan. 1, 2008 Near Real Time  and MODIS (cloud imager) measurements
(on Terra and Aqua satellites)

Temporal Coverage

.- “- o o o . .
ﬂ-_ ;‘ MERRA_D Jan. 1. 1981 End of MERRAD Atmospheric reanalysis with assimilated

- — observations (1-2 months behind real time)

GMAO FP-IT End of : : .
(GEOS 5.12.4) MERRA2 Near Real Time  Same with less observations

SURFACE
RADIATION



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

«» POWER Data: What Parameters are Provided?

Base and Derived Parameters for POWER GIS v1

All parameters are available globally on a 0.5¢ latitude/longitude grids.

Additional Daily & Monthly/Annual Additional Long-term Averaged
Averaged Parameters Parameters (Climatological)

Solar geometry, Surface albedo, Direct Normal,
Clear & Cloudy Clearness Indexes Diffuse, Tilted surface solar parameters

3-hourly solar fluxes and cloud parameters,
No-sun Days, min insolation over day periods

Tmin, Tmax, Trange at 2 m, Wet Bulb Heating/Cooling Degree Days (for 0° C, 10° C,
Temperature at 2 m, 18.3° C standards),
Temp Frost point at 2 m, Skin Temperature max/min/range, Frost Days,
Relative Humidity at 2 m Total Column Precipitable Water

Wind speed and Direction at 10m, 50 m ASHRAE® Building Climate Thermal
Max/Min Wind Speed & Moisture zones

Notes:

1. GEWEX SRB 3.0 >NASA'’s Global Energy and Water Exchange Project /Surface Radiation Budget (https://gewex-srb.larc.nasa.gov/ &
https://asdc.larc.nasa.gov/project/SRB)
FLASHFlux = NASA's Fast Longwave And SHortwave Radiative Fluxes (hitps://ceres.larc.nasa.gov/data/#fast-longwave-and-shortwave-flux-flashflid
MERRA-2 > NASA's Modern Era Retro-analysis for Research and Applications —assimilation model (hitps://gmao.gsfc.nasa.gov/reanalysis/MERR.
FP-IT (GEOS 5.12.4) - Forward Processing - Instrument Team (hitps://gmao.gsfc.nasa.gov/news/geos_system_news/2016/FP-IT_NRT_G5.12.4.php)
ASHRAE®: “ASHRAE" is a registered tfrademark of the American Society of Heating, Refrigeration and Air Conditioning Engineers
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https://gewex-srb.larc.nasa.gov/
https://gmao.gsfc.nasa.gov/reanalysis/MERRA-2/

v POWER Data Validation of Parameters

Uses SRB & CERES satellite
analysis for solar irradiance
estimates

 All-sky, clear-sky fluxes total,
direct, diffuse flux estimates

compared against well-calibration

instrument networks

FP-IT/MERRA-2 atmospheric
CEREWAIE

« Validation against global NOAA
database of surface observations

More detailed statistics availability in
“Methodology” documentation pages

Daily mean comparisons between GEWEX SRB and CERES FLASHflux
all-sky and clear-sky solar irradiance at the surface of the Earth.

Parameter Data: Bias (%) RMSE (%)
SRB -1.72 20.47

SRB
FLASHFIlux
FLASHFIlux

Solar All Sky Insolation

-0.84
-1.18
-3.25

7.04
17.06
5.07

Solar Clear Sky Insolation
Solar All Sky SW Insolation
Solar Clear-Sky SW Insolation

Parameter MBE RMSE Slope Intercept Rsqrd

Average Temperature (°C) -0. 2.29 1.00 -0.48 0.96

Minimum Temperature (°C) . 3.05 0.97 0.73 0.93

Maximum Temperature -1. 3.16 0.98 -1.01 0.95
o)

Relative Humidity (%)

Dew Point Temperature

o)

Precipitation (mm/day)

Specific Humidity (g/kg)

Uncorrected Atmospheric
Pressure (mb)

Elevation Corrected
Atmospheric Pressure
(mb)

Wind Speed (m/s)



«» POWER Data Access Methods: API

API: The RESTful Application Programming
Interfaces (API) supports ARD distribution
through a single endpoint (i.e., formatted URL
string) that retrieves, subsets, and converts the
data into user community specific formats like

ASCII ICASA, CSV. GeoJSON, NetCDF, and more.

» Utilizes the Open-source Project for a Network
Data Access Protocol (OPeNDAP®) and/or
optimized file formats to support ARD
distribution from POWER’s multi-parameter
and temporal data (i.e., daily, monthly, annual,

climatological).
» Accessible via web browsers, custom
applications integration, and many more.

OPeNDAP®: is a registered trademark of the Advanced Software for Remote Data Retrieval.

https://power.larc.nasa.gov/
cgi-
bin/v1/DataAccess.py?&re
quest=execute&identifier=S
inglePoint&parameters=RH
2M,T2M,ALLSKY_SFC_S
W_DWN&startDate=20200
101&endDate=20201230&
userCommunity=SSE&tem
pAverage=DAILY &outputLi
st=ASClI&lat=39.6503&lon
=-104.9773

JSON Raw Data Headers

| Save Copy Collapse All Expand All

v features:
v 0:
w geometry:

w coordinates:

type:

w properties:
v parameter:

v ALLSKY_SFC_SW_DWN:
20200101:
20200102:
20200103:
20200104:
20200105:
20200106:
20200107:

Y Filter JSON

-104.97729
39.65031
1826.36
"Point"
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ArcGIS Image and Feature Services allow users to efficiently interact with the POWER data in GIS applications.
The image services include global climatology based solar and meteorological parameters.

* Directly connect users to POWER climatology data in GIS applications.
« Services are available as Open Geospatial Consortium (OGC®) compliant services and multiple data portals
including NASA ArcGIS Online, ASDC, and the Esri® Living Atlas.

Temperature at 2 Meters (30-Year Climatology) Overview

of the tempera
escriptior = The Four Year Rolling Thermal Moisture Zones for 1984 to present. "
D“‘”(H' tion e rmal o € Open in Map Viewer v
= on The Prediction of Worldwide Ene g d Feature Layer by bmacpher_NASA
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&% POWER Access Methods: Data Access Viewer (DAV)

Custom user interface with a geospatial map and widgets for (all temporal levels),
(2.5x2.5 degree), (zones & climatology), (image and feature services), and in the future will
prepare user community-specific reports (indicators, anomalies, & windrose)

Key Features:
* Responsive and scalable; built for mobile and desktop use
* Can submit a request from a widget to visualize and download the data

* Provide simple graphing capabilities for any temporal level (except hourly)

i+ 50.598 -62.244 Degrees

POWER Data Access Viewer Prediction Of Worldwide Energy Resource Esri World Geocoder Q

¥ POWER Single Point Data Access

1. Choose a User Community f R § POWER Single Point Data Access
All Communities » NEW
\ JERSEY
» 'S ©New York

i
PENNSYLVANIA ¢ 5
S

2. Choose a Temporal Average NASA Prediction of Worldwide Energy Resource (POWER) Plgsburgh ¥

- noose reras Higher Reselution Daly Time Sesds /s 1z degres 4 Tearton
® Daily © Interannual © Climatology Clmatalogy Resource for SSE-Renemable Enerdy Q oHarrisbura o

o .
3. Enter Lat/Lon or Add a Point to Map Output Fles Philadelphia
ascu AND

) ) 3 30 Year Climatology
Latitude (Decimal Degrees) napolis © Dover

Value: -17.47 (C) oo 9
) Latitude: 38.7852 Longitude: 76,7022 Washington

See bottom left of scree Insolation On A Horizontal Surface [] ol s i bl S
Elevation: 45,01 meters

Clear Longitude (Decimal Degrees)

| 4.Select Time Extent e Zoom to [—
: W
Jaime,

Start Date | 01012015 | (MM/OD/YYYY) IRGINIA o Richmond

kWh/m?/day

End Date 03/05/2015 (MM/DD/YYYY)

8 pPOWER Single Point

5. Select Output File Formats O Select Al
@) ASCII [ CSV (] Geo]SON (] ICASA [ NetCDF 5. Select Output File Format
GeoJSON M
6. Select Parameters  (Limit 20 parameters)

Downward Longwave Radiative Flux 6. Select Parameters  (Limit 20 parameters)
The Climatology temporal period has the most parameters.

Insolation Incident on a Horizontal Surface i 2y "
Insolation On A Horizontal Surface (kWh/m?/day) 2lues by location. Double-click folders to expand and show available parameters.

Insolation Incident On A Horizontal Surface at 0
- . ‘ Search Parameters
Insolation Incident On A Horizontal Surface at 0

outa Aty
Insolation Incident On A Horizontal Surface at 0 Jan 1 1981 - Jan 30 2017 (Meteorology)

Juy 11983 - Dec 31 2016 (Solr) LiJ Meteorology (Moisture and Other)

Some parameters unavailable in selected temporal average. i) Meteorology (Temperature)

Parameter Definitions | Methodology | Units: (cegrees €) (L] Meteorology (wind)

zing and Poi Solar Panels and for Solar Thermal

©
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« A community solar power project in a remote village in West
Africa appeared to be working poorly.
A solar consultant investigated using insolation data from the
“POWER Single Point Data Access” application on
POWER’s “Data-Access-Viewer”. Sample data:

Parameter Charts Time Extent:

: o 22 Year Solar Climatological Averages (Jul 1983 - Jun 2005)
Direct Normal Radiation ™/ : X .
30 Year Meteorology Climatological Averages (Jan 1984 - Dec 2013)

Hover for charting tools |

PARAMETER| JAN | FEB [ MAR | APR | MAY | JUN | JuL | AuG | sep | ocT [ Nov | DEC | ANN
DNR 6.13 5.8 504 429 412 3.54 297 284 3.35 4.09 4.65 567 4.37
DNR_MAX 753 742 57 478 4.68 43 4.04 356 3.99 47 505 7.3 524
DNR MIN 497 4.81 442 3.85 347 276 23 227 259 3.57 3.88 451 3.62

POWER provided data showed that cloud coverage that
peaked at nearly 80% in August was the culprit.
The community was able to verify their systems were

working properly, but required management adjustments for —
the expected power output, system configuration and billing. <l e —

0.0E+00 8.0E+01 1.6E+02 2.4E+02 3.2E+02 4.0E+02
Data Min = 6.8E+01, Max = 3.9E+02, Mean = 2.2E+02
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POWER-GIS v2 Beta Release!

Updated GEWEX SRB (Release 4-Integrated Product, AMS Paper 6.7), FLASHFlux (v4A)
and introducing CERES SYN1Deg Edition 4.1 global flux data products

Multiple additional parameters for both solar related and meteorological parameters
Temporal resolution now up to hourly from Jan 1, 2001 through 2019

New data format to support hourly energy analysis for buildings (EPW format compatible
with EnergyPlus and numerous decision support tools)

New applications that include reports: Climate Design Conditions, Long-term statistics

POWER Climate Anomalies (MERRA-2 and SRB/CERES)

Latitude: 35.701 Longitude: -105.0212 Elevation: 2297.9m StdPres: -999 Time Period: 1984 - 2018 Note: 0.5 x 0.5 Degree Gridded Data
The scales of the plots are independent, place take note when comparing values across the plots.
The base climatology period for the anomalies is the requested time period's climatology (1984 - 2018).

POWER Climatic Design Conditions (MERRA-2 and SRB/CERES)

Coldest 99Hutfnd:ﬁcat:on DP/MCDB and H]:, 5
Coldes: , .
POWER Climate Anomalies (MTERRA-2 and SRB/CERES)
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Temperatures,

Range Based Annual Cycle Values: Temperature at Two Meters (1984-2018)
= Maximum <
= Average
= Minim?lm | ‘*'
[ Standard Deviation =,
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o

Period Extremes:
Mi 1289 °C

Max: 31.18 °C

Temporal: Interannual
Source: NASA POWER
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Extreme Annual Desiga Condifions Month
Extreme Annual Temperature n-Year Return Period Values of Extreme Temperature Range Based Annual Cycle Values: Insolation Incident On A Horizontal Surface (1984-2018)
n=10 years =50 years ) Average
@ Standard Deviation
-20.1 Period Extremes:
-20.9 Min: 1.87 KW-hr/m*2/
Max: 7.59 kW-hr/

~

g
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Temporal: Interannual
Source: NASA POWER
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POWER has successfully provided parameters from NASA Earth observations and analysis
to enable a wide variety of applications including solar energy

POWER GIS-enabled is serving customers in government and industry using advanced GIS
enabled capabilities and data analysis tools

POWER GIS-enabled cloud enabled core system is poised is ready for evaluation

paul.w.stackhouse@nasa.gov

POWER GIS v1 at: https://power.larc.nasa.gov



mailto:paul.w.stackhouse@nasa.gov
https://power.larc.nasa.gov/

