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RECORD OF CHANGE

REVISION

DATE

DESCRIPTION

08 February 2011

Initial Release Pre-ECP5

25 August 2011

Interim Release including ECP5

PTR-2871 Incorporate GSP comments & organize document
structure into volumes

PTR-2872 Update content for TBDs/Action Items

PTR-2874 Incorporate monthly work-in-progress comments

06 February 2012

Pre-CDR Release

PTR 3226 Update per BCN_046 ATP for BCR 049 Metadata
Delivery

PTR-3525 Incorporate GSP Comments (from Interim Release)
PTR-3525 Incorporate GSP Comments (CDR Release)

PTR-3526 Update Content for TBDs/Action Items (CDR Release)

26 July 2012

CDR+90 Release

PTR-3239 SE-16 PUG — Update External File Naming Convention
for New Static Metadata Files from Metadata BCR

PTR-4138 Remove ITAR from Volume 4, GRB

PTR-3576 Remove Reference to AWG Ancillary Data
PTR-3409 Update Content for TBD-11, TBD-17 and TBD-20
PTR-4039 Update Content for TBDs/Action Items

PTR-4203 PUG Update for SUVI Image Refresh and Snow Ice
Metadata

PTR-4298 GSP Comments Rev A
PTR-4204 SE-16 PUG Feedback on PUG for L1b Volume 3

PTR-4845 SE-16 PUG Incorporate Peer Review Comments
Deferred from Rev A (Note: Updated NcML files are from 6/12 for
CMI and 6/11 for all others)

B.1

17 December 2012

Post-CDR Interim Release
PTR-4841 SE-16 PUG - Deferred Comments from Release A
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REVISION DATE DESCRIPTION

PTR-4946 SE-16 PUG - Deferred Comments from PostCDR+90
Peer Review
PTR-5318 SE-16 PUG: BCN_067 ATP for ECP007 RFP Amend 4
PTR-5373 SE-16 PUG - Update PUG Vol 5 Product Algorithm
Output Tables
PTR-5403 Incorporate customer comments against Rev. B

B.2 20 May 2013 Post-CDR Interim Release
PTR-6419 SE-16_Product Definition and User’s Guide (PUG)
Release Update Rev B.2 Update due to BCR75
PTR-6158 UMB_Delivery SE-16 Product Definition and User’s
Guide (PUG) Release Update Rev B.2
PTR-6159 SE-16 PUG - Deferred Comments from Rev. B.1 Peer
Review
PTR-6837 SE-16 PUG Incorporate Customer Comments Against
Rev B.1
PTR-6877 SE-16 Product Definition and User’s Guide (PUG) -
BCN_085 ATP for MAG SEISS L1b Changes

C 6 December 2013 | Post-CDR Interim Release

PTR-9218 Delivery_SE-16_Product Definition and User’s Guide
(PUG) Release Update Rev C

1) Other than the ABI Fixed Grid paragraph, paragraphs 1 through
the end of paragraph 5.1.6 have been completely revised with new
and updated content. A Standard Coordinate data paragraph has
been added to the ABI Fixed Grid paragraph.

2) Paragraphs 5.2 through the end of paragraph 5.14.7 have not
been revised for this version of the PUG.

3) New appendices for the filename conventions, and product
refresh rates and latencies have been included.

4) The subsequent version is identified where new content will be
inserted into paragraphs that currently have headings and no
content.

PTR-7556 SE-16 PUG - Deferred GSP Comments from Rev. B.2
Review

A subset of the deferred comments addressed related to the Cloud
and Moisture Imagery product, filename conventions, and several
miscellaneous topics.
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REVISION DATE DESCRIPTION
PTR-9027
A subset of the deferred comments addressed related to the Cloud
and Moisture Imagery product, filename conventions, and several
miscellaneous topics.
c1 05 December 2014 | Post-CDR Interim Release

Vol 1, Main:
e Added FITS format section (SUVI)

Vol 2, LO:
e Minor editorial changes

Vol 3, L1b:
o Revised Space Weather and Solar instrument sections
e Co-located Instrument Calibration Data with instrument section

Vol 4, GRB:
e Revised Space Weather and Solar instrument sections
e Corrected APID list

Vol 5, L2+:

e Combined Volumes 5A and 5B

e Added section for Latitude/Longitude grid (Radiation products)
e Added Appendix for dynamic source data

o Miscellaneous changes to CMI product

Appendix X, ISO Series Metadata:
e Revised L1b, L2+, Instrument Calibration Data sections

PTR-12388

UMB_Delivery SE-16_ Product Definition and User’s Guide

(PUG) Release Update Rev C.1

e Incorporates PTR-7028, PTR-7556, PTR-7557, PTR-7553,
PTR-8055, PTR-8742, PTR-9027, PTR-9518, PTR-11701

e Combined Vol 5A and Vol 5B into a single volume

e Rearranged major sections of the document (consolidated File
Naming conventions, consolidated APID lists, etc.), for
usability

PTR-7028

Update Cumulative ERB/PCRB Changes in Next Rev of Document

e ERB: delete the Rainfall Rate Coefficient Algorithm

¢ PCRB: change GLM Lightning Event Peak L1b/GRB update

¢ PCRB: change Radiation Grid from ABI Grid to
Latitude/Longitude
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REVISION

DATE

DESCRIPTION

PTR-7556
Deferred Comments from Rev. B.2 Peer Review
e Incorporate comments deferred from Revision B.2 Peer Review

PTR-7753
SE-16: Updates to PUG Rev C for next Release
o Fixed MAG L1b OMAS/GRB/PD periodicity

PTR-8055

SE-16 PUG BCR # 127 + BCR #129 + BCR 124 + BCN_120 ATP
for NcML/Product Definition for non-ABI Sensors + BCN_149,
BCR 115 Update GLM L2 NcML + BCR 119 + BCR #127 and 129
(IPS and Product Set 1 NcML Corrections)

e BCR#127: incorporated IPS Product NcML corrections

o BCR#129: incorporated IPS and Product Set 1 NcML
corrections

BCR#124: changed SUVI, SEISS, MAG NcML

BCN_120: NcML/product definition for non-ABI instruments
BCN_149 / BCR#115: updated GLM L2+ NcML definition
BCR#119: changed SUVI GLM INR report design

ECP-9a: added aggregation criteria for Geomagnetic Field,
Solar Flux: X-Ray products

e BCR#212: incorporated Product Set 2 NcML corrections

PTR-8742
SE-16 PUG - Scheduled Science Instrument Products definitions
e Updated SUVI, EXIS, SEISS, MAG, GLM product definitions

PTR-9027

SE-16 PUG - Evaluate Customer Comments Against Rev B.2

e Incorporated customer comments not previously addressed in
PUG Rev C

PTR-9518
SE-16 PUG, Evaluate Customer Comments from Rev C
e Incorporated customer comments against PUG Rev C

PTR-11701
SE-16 PUG - Update for BCR # 227, Non-ABI product Corrections
Incorporated non-ABI Product NcML corrections

13 May 2015

PTR-7557

UMB_Delivery_SE-16_Product Definition and User’s Guide
(PUG) Release Update Rev D

e Incorporate customer comments against PUG Rev C.1

PTR-13600
e SE-16 PUG - Miscellaneous Corrections
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REVISION DATE DESCRIPTION

Appendix X

o New content — LO and GRB Info ISO Series Metadata

Vol 2, L0

e Restructured to be consistent with other volumes

Vol 3, L1b

e New content — dynamic and semi-static processing parameters

Vol 4, GRB

e New content — GRB Information

Vol 5, L2+

¢ New content — dynamic and semi-static processing parameters

D.1 11 August 2015 | PTR-14093 _

e Change 132.8 Angstroms wavelength to 131.2 Angstroms in
SUVI documentation

PTR-14107

e Update various L2 product lineage issues

PTR-13638

e Update document for ECP-023 new CONUS center points

PTR-14388

e WR 757: SE-16: CMI - Update PUG to change scaling of band
7 to a max brightness temp of 400K

D.2 24 March 2016 | PUG release aligned with PC DO.03.00.00 software baseline.

PTR-14663

e SE-16 PUG, Evaluate Customer Comments from Rev D

PTR-15294

e SE-16 PUG, Add GRB-INFO-STATIC description

PTR-15324

e SE-16 PUG - Misc. Updates to Sync with GS File Naming
Conventions

E 15 June 2016 | PUG release aligned with PC DO.04.00.00 software baseline.

PTR-16585
e SE-16 PUG - Miscellaneous Corrections

PTR-16442
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REVISION

DATE

DESCRIPTION

o WR 1949: GLM appears to have Timing Artifacts (PUG
Update)

PTR-15605
o \WR 813: Space Weather products' enhancements requested by
NCEI (SE-16 PUG)
e Add SEISS MPS-LO energy bounds/levels to
differential_flux_energy_band_label variable value

PTR-15580
e WR 1697: SE-16 PUG - Rainfall Rate Product DQF Valid
Range is Incorrect

PTR-15194
o WR 1177: SE-16 Modify Product Definition User's Guide for
expanded ABI L1b Radiance Limits

E.l

4 November 2016

PUG release aligned with PC DO.04.02.00 software baseline,
except where otherwise noted.

PTRDOC-15878 D0.05.00.00
e WR 1552: SE-16 PUG - ABI L1b Instrument Calibration Data -
Number of detector rows discrepancy

PTRDOC-16363
e WR 2261: SE-16 PUG - Provide documentation for CAL INR
data file structures

PTRDOC-16387 DO0.05.00.00
e WR 2218: SE-16 PUG - There are no ABI CCR results in the
PM Generated ABI INR Report

PTRDOC-16397 D0.05.00.00

o WR 1937: SE-16 PUG - GLM L2+ product metadata errors

PTRDOC-16639 D0.05.00.00

o WR 1698: SE-16 PUG - Sea Surface Temperature Fill Value
incorrect

PTRDOC-16911 D0.05.00.00

e \WR 2961: SE-16 Update PUG to clarify Rainfall Rate metadata

PTRDOC-16936
e WR 2566: SE-16 PUG - Add Derived Motion Winds PQI and
Diagnostic Intermediate Products to the PUG

PTRDOC-17008
o WR 2749: SE-16 PUG - Update PUG to reflect 2 minute EXIS
L0 LZSS file aggregation time

vii NON-Export Controlled Information



16 June 2017

Product Definition and User’s Guide (PUG)
Volume 5: Level 2+ Products
DCN 7035538, Revision F

REVISION

DATE

DESCRIPTION

PTRDOC-17088
e WR 2874: SE-16 PUG - Correct File Names of Instrument
Calibration Files Produced

PTRDOC-17123
e WR 1739: SE-16 PUG - SUVI Instrument Calibration File
Names

PTRDOC-17254
e WR 2962: SE-16 PUG - CMI Coefficients update-ADR 143

PTRDOC-17416
o WR 3058: SE-16 PUG - SUVI scale factors in products do not
match scale factors in the PUG

PTRDOC-17661
e WR 3274: SE-16 PUG - Update to Align with XTCE Database
v6.3.005A

PTRDOC-17818 D0.06.00.00
o WR 2260: SE-16 PUG - Derived Motion Winds (DMW) Wind
Direction: Incorrect Direction

E.2

30 March 2017

PUG release aligned with GOES-R Ground Segment Product
Capabilities (PG, PD, PM) software baselines, as follows:
D0.04.04.00: April 2017
DO0.05.00.00: July 2017
D0.06.00.00: September 2017 (TBR)

PTRDOC-17880 DO0.05.00.00 Vol 5, Table 5.1.6.4-1.
o WR 3383: SE-16 PUG - Changes for Expansion of CMI range
to match DO.04 Rad-ADR 154

PTRDOC-17887 DO0.04.04.00 Vol 3, Section 5.0.1; Vol

4, Section 7.0.1; Vol 5, Section 5.0.1

o \WR 3483: SE-16 PUG - add explanation/instructions for
converting 'seconds since epoch'’ to standard date/time

PTRDOC-17995 DO0.06.00.00 Vol 3, Table 5.3.2.5.1-11;

Vol 4, Table 7.4.2.5.1-11.

e WR 3438: SE-16 PUG - Fix Incorrect Flag Definition in EXIS
Files - ADR 159

PTRDOC-18023 DO0.06.00.00 Vol 5, Table 4.3.7-2.
e WR 2291: SE-16 PUG - GRIP is not showing full SRB image
on GOES WEST
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REVISION

DATE

DESCRIPTION

PTRDOC-18057 DO0.05.00.00 Vol 3, Sections D.7, D.8

and D.9.

e WR 3554: SE-16 PUG - Provide documentation for [CAL] INR
data file structures (ABI, GLM, SUVI)

PTRDOC-18090 D0.06.00.00 Vol 3, Section 5.1.4.1.
e \WR 3433: SE-16 PUG - Include pixels with under-saturated
sample contributors in ABI Sample Outlier files

PTRDOC-18144 DO0.06.00.00 Vol 5, Table 5.1.7.6-2.
e WR 3076: SE-16 PUG: DMW Output File is not CF
Compliant-ADR 139 (PUG Changes)

PTRDOC-18158 D0.06.00.00 Vol 3, Table 5.3.1.5-2; Vol

4, Table 7.4.1.5.2.

e WR 3078: SE-16 PUG: EXIS - Add total number of valid SPS
measurements used - ADR 148

PTRDOC-18191 DO0.05.00.00 Vol 3, Table 5.3.1.5-2; Vol

4, Tables 7.4.1.5.1and 7.4.1.5.2.

e WR 3568: SE-16 PUG: Revise EXIS EUVS-C Cadence - ADR
183 (PUG Updates)

PTRDOC-18225 DO0.05.00.00 Vol 3, Sections D.4 and

D.5.

o WR 3324, 2989: SE-16 PUG - Update Documentation for
MAG, SEISS CAL INR data file structures

PTRDOC-18228 DO0.06.00.00 Vol 3, Table 5.3.2.5-2; Vol

4, Table 7.4.2.5.2.

e WR 3571: SE-16 PUG: Add SUVI roll angle to EXIS XRS -
ADR 147 (PUG Changes)

PTRDOC-18259 DO0.06.00.00 Vol 5, Table 5.21.6-2.
e WR 3222: SE-16 PUG - Land L2: FSC Metadata Issues-ADR
167

PTRDOC-18406 DO0.06.00.00 Vol 3, Table 5.5.1.5-2; Vol

4, Tables 7.6.1.5.1 and 7.6.1.5.2.

e WR 3429: SE-16 PUG - MAG Add IB and OB measurements
in 4 coord frames-ADR 145

PTRDOC-18441 DO0.04.04.00 Vol 3, Table 5.1.3.6.3-2;

Vol 4, Table 7.1.3.6.1.1-2.

¢ WR 3804: SE-16 PUG: Bad Radiance-to-Brightness-Temp
Conversion Coeffs
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REVISION

DATE

DESCRIPTION

PTRDOC-18608 DO.04.04.00 Vol 5, Table A.2-1,

Section E.1.

e WR 1264: SE-16 PUG: Change DMW Intermediate Product
Filename (Data Short Name)

PTRDOC-18646 DO0.05.00.00 Vol 3, Tables 5.3.1.5-2,

5.4.45-1,5.4.45-2,5.4.45.2-4 and 5.4.6.2-1; Vol 4, Tables

74.151,74152,75451,75451.2-4and 7.5.4.5.2.

e WR 3918: SE-16 PUG: Removing Hyphens in EXIS and SEIS
Vars and Attrs-ADR 207

16 June 2017

PTRDOC-18154 D0.06.00.00 Vol 3, section 5.0.2; Vol 4,

section 7.0.2; Vol 5, section 5.0.2

e WR 3725: SE-16 PUG - Add description of unsigned integer
processing

PTRDOC-18519 DO0.06.00.00 Vol 3, Table 5.3.1.5-2,

Table 5.4.4.5-2; Vol 5, Table 5.10.6-2

e \WR 3897: SE-16 PUG: Variable missing from XRS and SGPS
files- ADR 211

PTRDOC-18813 DO0.06.00.00 Vol 3, Table 5.2.1.5.1-2,
section 5.2.1.5.2, Table 5.2.1.5.4-5, Table 5.3.1.5-2, Table
5.3.1.5.2-7, Table 5.3.2.5-2, Table 5.3.2.5.1-15, Table 5.4.1.5-2,
Table 5.4.1.5.2-9, Table 5.4.2.5-2, Table 5.4.2.5.2-5, Table 5.4.3.5-
2, Table 5.4.3.5.2-6, Table 5.4.4.5-2, Table 5.4.4.5.2-6, Table
5.5.1.5-2, Table 5.5.1.5.2-3; Vol 4, Table 7.3.1.5.1.2-8, Table
7.3.1.5.2, Table 7.4.1.5.1.2-7, Table 7.4.1.5.2, Table 7.4.2.5.1.1-15,
Table 7.4.2.5.2, Table 7.5.1.5.1.2-9, Table 7.5.1.5.2, Table
7.5.2.5.1.2-5, Table 7.5.2.5.2, Table 7.5.3.5.1.2-6, Table 7.5.3.5.2,
Table 7.5.4.5.1.2-6, Table 7.5.4.5.2, Table 7.6.1.5.1.2-3, Table
7.6.15.2
e \WR 4164: SE-16 PUG: Space weather eclipse_flag flags do not
capture all possible states

PTRDOC-18819 D0.06.00.00 Vol 4, section 4.1, section

4.3

e WR 4139: SE-16 PUG: GRB Default Modem Configuration -
QPSK

PTRDOC-18879 DO0.06.00.00 Vol 4, section 2.0, section

5.0, section 6.0, section 6.2.6.3, section 7.1.3.6, section 7.3.1.5

e WR 4179: SE-16 PUG: ABI L1b metadata sent prior to end of
scene in GRB

PTRDOC-18890 D0.06.00.00 Vol 4, Table A
¢ WR 3511: SE-16 PUG: Add statement on CCSDS reserved
APIDs to the PUG
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REVISION

DATE

DESCRIPTION

PTRDOC-18907 DO0.06.00.00 Vol 3, section 5.3.1.1; Vol

4, section 7.4.1.1

o WR 3257: SE-16 PUG: Resolve Time Stamp Error in EXIS
Files-ADR 158

PTRDOC-18910 D0.06.00.00 Vol 3, Table 5.3.1.5-2; Vol

4, Table 7.4.1.5.1, Table 7.4.1.5.2

o WR 4205: SE-16 PUG: EXIS EUVS long name corrections-
ADR278

PTRDOC-18951 DO0.06.00.00 Vol 3, Table 5.6.2.2-1
o WR 3407: SE-16 PUG: GLM Background Image Metadata
Differences from PUG

PTRDOC-18955 DO0.06.00.00 Vol 1 -5, Appendix X,

several sections and tables

e WR 4263: BCR_591 ATP for ECP-029, SE-16: ECP-029 -
Update Product Users Guide (PUG) for Mode 6 functionality

PTRDOC-19131 DO0.07.00.00 Vol 3, Table 5.2.1.1-1,

Table 5.2.1.5.3-1, Table 5.2.1.5.4-2, Table A.1; Vol 4, Table

7.3.1.1-1, Table 7.3.1.5.1.1-1, Table 7.3.1.5.1.2-2

o WR 4023: SE-16 PUG: SUVI short exposure time - Long term
fix - ADR 199

PTRDOC-19350 D0.06.00.00 Vol 3, Table 5.3.1.5.2-3,

Table 5.3.2.5.1-3; Vol 4, Table 7.4.1.5.1.2-3, Table 7.4.2.5.1.1-3

o WR 4540: SE-16 PUG: EUVS and EXIS Processing and Data
Quality Flag Meanings
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1.0 SCOPE

The Product Definition and User’s Guide (PUG) document provides product descriptions and formats for
all data and products produced and made available to users by the Geostationary Operational Environmental
Satellite R Series (GOES-R) Core Ground Segment (GS), developed under contract DG133E-09-CN-0094.
This includes the Level 0 products, Level 1b products, GOES-R Rebroadcast (GRB), and Level 2+
products. This also includes ISO series metadata, instrument calibration data, and semi-static source data
and algorithm packages.

The PUG is divided into five volumes. This volume, Volume 5: Level 2+ Products, contains Level 2+
product and data descriptions, and content and format information. Note that there is a separate standalone
Appendix X containing detailed descriptions of the 1ISO series metadata associated with Level 2+ products.
1.1 Document Overview

The purpose of this volume is to describe the functional characteristics, and content and format of GOES-
R Level 2+ products and data made available to users. The intent of providing this information is to allow
users to exploit the products and data. This document also supports Government remote tele-training and
public outreach requirements.

This Level 2+ PUG volume includes the following sections:
e ABI Modes and Coverage Regions
e Level 2+ Algorithm Precedence Network
e Common Level 2+ Product and Data Characteristics
e Level 2+ Filename Conventions
e Level 2+ Product Refresh Rates and Latencies
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2.0 ABI MODES AND LEVEL 2+ PRODUCT COVERAGE REGIONS

There are three standard scanning modes for the ABI instrument: Mode 3, Mode 6 and Mode 4. Mode 4
consists of the observation of the full disk scene every five minutes. Mode 3 consists of one observation of
the full disk scene of the earth, three observations of the continental United States (CONUS) scene, and
thirty observations for each of two distinct mesoscale scenes every fifteen minutes, during nominal
operations. Mode 6 consists of one observation of the full disk scene of the earth, two observations of the
continental United States (CONUS) scene, and twenty observations for each of two distinct mesoscale
scenes every ten minutes, during nominal operations. The CONUS scene coverage area is approximately
5000 km in the east-west direction by 3000 km in the north-south direction. The coverage area of a
mesoscale scene is approximately 1000 km by 1000 km. In all of these modes, there are interleaved space,
blackbody, and star looks to support radiometric and navigation accuracy requirements.

The detailed sensing timelines for the ABI in Mode 3, 4, and 6 are defined in Figure 2-1, Figure 2-2 and
Figure 2-3, respectively. Space Looks needed for data calibration may occur after a Full Disk swath rather
than before it depending on whether the Space Look occurs on the East or West side of the earth.
Observations of the Full Disk (pink), CONUS (blue), and mesoscale (green) scenes, and the calibration
looks (yellow: visible stars, red: infrared stars) are shown.
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Figure 2-3 ABI Mode 6 Timeline

Table 2.0 summarizes the standard coverage regions associated with ABI Level 2+ products.

Table 2.0 ABI Level 2+ Products Standard Coverage Regions

Coverage Region Description

Full Disk Near hemispheric earth region centered at the longitude of the sensing satellite.

CONUS An approximately 3000 km x 5000 km region intended to cover the continental
United States within the constraints of viewing angle from the sensing satellite.

Mesoscale An approximately 1000 km x 1000 km dynamically centered region in the
instrument’s field of regard. The particular coverage region associated with a
mesoscale product is operator- selected to support high-rate temporal analysis of
environmental conditions in regions of interest.

For many Level 2+ products, product files for CONUS coverage regions are provided in Mode 4 by
extracting the CONUS region from the full disk image. In addition, the required refresh rates for many
Level 2+ products do not require the use of all available observations. Furthermore, there are cases when
the generation of a Level 2+ product requires the use of a set of observations over time, such as the case
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with the Derived Motion Winds product. Refer to Appendix B for detailed Level 2+ product refresh rate
and latency information.

3.0 LEVEL 2+ ALGORITHM PRECEDENCE NETWORK

The GOES-R Level 2+ algorithm precedence network defines the chain of processing and data required to
produce ABI Level 2+ products. The use of an algorithm precedence network ensures consistency of
product data by identifying, implementing, and using software components that perform common functions.
It also reduces the amount of computational resources required by performing common functions once, and
distributing the data output by these common functions to the product algorithm unique functions.

The Level 2+ algorithm precedence network is important to users of GOES-R products because it explains
the source of product data, specifically the algorithms and data dependencies associated with the product
data. In addition, the algorithm precedence network provides a valuable tool to diagnose and resolve
anomalies in products.

The nodes in the algorithm precedence network, some of which provide common functions as alluded to
above, are algorithms and the lines connecting the nodes are the final and intermediate product data. The
algorithm precedence network nodes and lines define the dependencies among the algorithms and data.

The types and descriptions of the types of nodes in the Level 2+ algorithm precedence network are defined
in Table 3.0-1, Level 2+ Algorithm Precedence Network Types of Nodes.

Table 3.0-1 Level 2+ Algorithm Precedence Network Types of Nodes

Node Type Description
Dynamic ancillary data Temporally and spatially interpolates National
processing algorithm Weather Prediction (NWP) model output data for use

by the product and augmented CRTM algorithms.
Also prepares Near Real-Time Global Ice
Concentration and Snow Extent, Ice Mapping System
(IMS) Snow/Ice Analysis, Reynolds Sea Surface
Temperature (SST) Analysis and Official Tropical
Cyclone Forecast data for use by several product
algorithms. This type of node exists to optimize Level
2+ product generation performance.

Radiative transfer model Generates predicted radiance and transmittance
algorithm based on the estimates from atmospheric and surface state
Community Radiative information for selected wavelengths corresponding to

Transfer Model (CRTM) the central wavelengths of ABI emissive bands. These
algorithms are composed of off-the-shelf CRTM and
custom radiative transfer processing software

components.
Dynamic auxiliary data Generates sun geometry related information for
generation algorithm product data points. This type of node exists to
optimize Level 2+ product generation performance.
Product algorithm Generates the ABI Level 1b Radiances or a Level 2+

final product.
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Many of the ABI Level 2+ product and the augmented CRTM-based forward radiative transfer algorithms
make use of temporally and spatially interpolated NWP model output data. Temporal and spatial
interpolation is required to align the NWP model output data so it coincides with the time and spatial
characteristics of the ABI observation data. The NWP model output data provides predictions of
atmospheric state information that can not be derived solely from the ABI observation data. This data is
used to initiate, constrain, or verify product algorithm and augmented CRTM algorithm outputs. For
example, the Legacy Atmospheric Profiles algorithm uses the processed NWP model output data as a first
guess of the atmospheric conditions at each location in the product coverage region.

In addition to the processed dynamic ancillary data derived from NWP model output data, Near Real-Time
Global Ice Concentration and Snow Extent, Ice Mapping System (IMS) Snow/Ice Analysis, the product
algorithms use Reynolds Sea Surface Temperature (SST) Analysis and Official Tropical Cyclone Forecast
data. The processed snow/ice dynamic ancillary data is used as either the primary source for snow and ice
or as the backup for those product algorithms that adopt the Snow Cover algorithm product data output over
land as the primary input. The identification of snow cover is important to the ABI Level 2+ product
algorithms that rely on reflective bands and are sensitive to the contrast with the background in the field of
view. The processed Reynolds SST Analysis data is used exclusively by the SST hybrid regression
algorithm. The arrival of a new Official Tropical Cyclone Forecast data is used to activate the Hurricane
Intensity algorithm.

The CRTM forms the core of the radiative transfer calculations used for physical retrievals. The ground
system radiative transfer algorithm use CRTM output to generate radiance and transmittance profile data,
and simulated TOA measurement data that are used by several ABI Level 2+ product algorithms. This data
is used by several product algorithms to identify signals from clouds relative to the background in the field
of view. For example, the Cloud Mask algorithm uses an estimate of the clear sky conditions generated by
the ground system radiative transfer algorithm when determining the clear or cloudy conditions at each
location in the product coverage region.

The dynamic auxiliary data generation algorithm generates several solar dependent types of data needed by
several of the ABI Level 2+ product algorithms. The algorithms use this data when making decisions related
to determination of the utility of ABI observation data at specific bands for each location in the product
coverage region, and dealing with its sensitivities related to glint or atmospheric scattering relative to the
satellite viewing geometry. The dynamic auxiliary data is generated such that it is temporally coincident
with the start of each ABI observation.

The ABI Level 2+ product algorithms generate one or more final and intermediate products. Two of these
algorithms are of particular importance in the context of the algorithm precedence network, the Cloud and
Moisture Imagery and Cloud Mask algorithms. Many of the product algorithm operate in the physical
regime based on where the signal in the emissive bands can be related to the thermal characteristics of the
field of view. In addition, the signal in the reflective bands is relative to the amount of reflected and scattered
solar radiation. The Cloud and Moisture Imagery algorithm converts the Radiances product data to
brightness temperature and reflectance and makes these quantities available to other product algorithms in
support of their processing.

Similarly, the Cloud Mask algorithm data output is used by several other ABI Level 2+ algorithms that are
sensitive to cloud cover. It is important to note that some product algorithms generate tailored cloud masks
based on the Cloud Mask algorithm intermediate product data consisting of a 4-level cloud mask or test
results rather than using the Cloud Mask product data.

The production of Level 2+ products also relies on semi-static data that does not change often. This is data
such as surface masks, land surface emissivity, climatologies, regression parameters, lookup tables, satellite
look angles to specific locations on the ABI Full Disk, and configurable algorithm thresholds. Several of
these types of semi-static data are used by several ABI Level 2+ product algorithms. Several of these types
of semi-static data, such as land surface emissivity and water/ice cloud, aerosol, total precipitable water,
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and ozone climatologies, vary based on time of year. This type of data is referred to as Level 2+ Semi-Static
Source Data, and is not represented in the algorithm precedence network.

Each Level 2+ product algorithm produces one or more final products that are made available to end users.
Refer to Table 3.0-2, Level 2+ Algorithm Products for a mapping between the algorithms and their products.

Table 3.0-2 Level 2+ Algorithm Products

Algorithm

Product

Cloud and Moisture Imagery

Cloud and Moisture Imagery

Cloud Mask

Clear Sky Mask

Cloud Type

Cloud Top Phase

Cloud Top Height

Cloud Top Height
Cloud Top Pressure
Cloud Top Temperature

Cloud Microphysical and Optical
Properties

Cloud Optical Depth
Cloud Particle Size

Aerosol Detection

Aerosol Detection

Aerosol Optical Depth

Aerosol Optical Depth

Volcanic Ash: Detection and
Height

Volcanic Ash: Detection and Height

Legacy Atmospheric Profiles

Legacy Vertical Temperature Profile
Legacy Vertical Moisture Profile
Total Precipitable Water

Derived Stability Indices

Rainfall Rate (Quantitative
Prediction Estimate)

Rainfall Rate (Quantitative Prediction
Estimate)

Derived Motion Winds

Derived Motion Winds

Hurricane Intensity

Hurricane Intensity

Land Fire (Hot Spot
Characterization)

Fire (Hot Spot Characterization)

Land Surface (Skin) Temperature

Land Surface (Skin) Temperature

Snow Cover

Snow Cover

Sea Surface (Skin) Temperature

Sea Surface (Skin) Temperature

Downward Shortwave Radiation:
Surface and Reflected Shortwave
Radiation: Top-of-Atmosphere

Downward Shortwave Radiation: Surface

Reflected Shortwave Radiation: Top-of-
Atmosphere
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The ground system implementation of the Level 2+ algorithm precedence network is tuned for performance
to minimize the latency between when the ABI observation occurs and when the products are available to
users. Product refresh rate and latency information are located Appendix B, Product Refresh Rates and
Latencies.

Low latency is achieved using a data block processing approach, which supports a high degree of data
processing concurrency, coupled with a substantial number of computing resources. Data is processed
through the algorithm precedence network in blocks. Note that Level 1b and Level 2+ data processing are
completely decoupled.

Dynamic ancillary data interpolation and augmented CRTM algorithm processing occur periodically at
fifteen minute intervals. A single instance of this processing occurs for each satellite slot. The output data
generated covers the on-earth portion of the ABI Field of Regard (FOR), which corresponds to the ABI
Full Disk coverage region. Separate instances of the dynamic auxiliary data generation algorithm
processing node execute and generate output data for each ABI Full Disk, CONUS, and mesoscale image.
Separate instances of the product algorithm processing nodes in the algorithm precedence network execute
for the ABI Full Disk, CONUS, and mesoscale images required to satisfy product refresh rate requirements.

The details of the specific types of data flowing among the nodes in the algorithm precedence network are
located in Appendix C, Dynamic Source Data, and each Level 2+ product’s dynamic source data
subparagraph in Section 5.0.

4.0 COMMON LEVEL 2+ PRODUCT AND DATA CHARACTERISTICS

The Level 2+ products and data other than the related 1SO series metadata and semi-static source data are
delivered using the Network Common Data Format version 4 (netCDF-4) file format.

The Level 2+ products contain processed observation data of the earth’s surface and atmosphere. Many of
the ABI Level 2+ products are provided for one or more of the full disk, continental United States, and
mesoscale regions.

The ABI Level 2+ gridded product data is either on the native ABI fixed grid or global latitude/longitude
grid. The Level 2+ non-gridded products, which include the Lightning Detection, Derived Motion Winds,
and Hurricane Intensity, are composed of data located to specific latitude and longitude coordinates.

The Level 2+ products conform to the prevailing standards and conventions applicable to netCDF-4 product
files. The Level 2+ product data have coordinates, many of which are common to multiple Level 2+
products. The Level 2+ products have an indicator of quality for each primary product data value.
Additionally, the Level 2+ products have common product statistics. The ABI Level 2+ gridded product
data is scaled and compressed to reduce file size.

The typical ABI Level 2+ gridded product file contains a single image whose pixels are associated with an
environmental physical quantity, such as cloud top height, per-pixel data quality flags, and product-level
summary statistics that provide indications of the quality of the image.

Subordinate paragraphs follow that discuss in more detail:

Applicable standards and conventions

ABI fixed grid

Global latitude/longitude grid

Common Level 2+ product coordinates
Common Level 2+ product data quality variables
Common Level 2+ product statistics
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o Level 2+ gridded product data scaling and compression

The detailed descriptions of the ISO series metadata for GOES-R Level 2+ products are located in the
standalone Appendix X, ISO Series Metadata. This is a special standalone appendix to the PUG. This
appendix includes a table of contents with a paragraph reference to each ISO series metadata file.

4.1 Standards and Conventions

The Level 2+ products and data conform to the netCDF User’s Guide (NUG) recommended attributes where
applicable. The NUG recommended attributes are identified and described in the main volume of the PUG.

The Level 2+ products and data conform to Unidata’s Attribute Conventions for Data Discovery (ACDD)
recommended where applicable. Unidata’s ACDD are identified and described in the main PUG volume.
Conforming to this set of conventions enables cataloguing product files with information contained in the
product files.

The ABI Level 2+ products conform to the Climate and Forecast (CF) Metadata Conventions. The CF
Metadata Conventions, and how these conventions are applied to these products are described in the main
volume of the PUG. Conforming to the CF Metadata Conventions enable the Level 2+ product files to be
self-describing.

4.2 ABI Fixed Grid

The ABI fixed grid is the projection associated with the data in the ABI Level 1b Radiances products, and
all the ABI Level 2+ products except for the Derived Motion Winds, Hurricane Intensity, Downward
Shortwave Radiation: Surface, and Reflected Shortwave Radiation: Top-Of-Atmosphere products.

This paragraph includes the following subordinate paragraphs:

o Description

e Coordinate System

e Coverage Area Associated with the Full Disk, CONUS, and Mesoscale Images
e Horizontal Spatial Resolutions

e Data Point Coordinates

e Product Data Structures

e Standard Coordinate Data

e Navigation of Image Data

e Overlaying Data from Different Image Types

4.2.1 Description

The data points in the GOES-R ABI Level 1b and the ABI Level 2+ imagery products are on the ABI fixed
grid. The ABI fixed grid is a projection based on the viewing perspective of the idealized location of a
satellite in geosynchronous orbit. This allows the same data points in every product to be at the same
location on the earth. All of the dynamics associated with an orbiting satellite are removed from the data to
accomplish this. GOES-R ground system product processing functionality receives raw data from the ABI
instrument and performs the processing required to place the data points on the ABI fixed grid.

The fixed grid is rectified to a GRS80 ellipsoid viewed from the idealized geostationary position. This
defines the ellipsoid parameters to use when geo-referencing data points on the fixed grid. Data points are
defined out to the edge of the earth's limb as defined by the GRS80 ellipsoid.
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Data points at a particular horizontal spatial resolution on the fixed grid have the same angular separation
from the satellite’s viewing perspective in both east to west and north to south directions. Refer to
Figure 4.2.1.

Fixed Grid
North
-
-
-
West sew #8s FEast
ot
Angular Figure shows same
separation of the angular separation
data points on of data points East
the fixed gnd to West only, but
defines their the same is true for
horizontal spatial North to South.
resolution.
Satellite

Figure 4.2.1 Data Points Have the Same Angular Separation on the Fixed Grid

The angular separation of the data points on the fixed grid provides the basis for the spatial resolution of
the imagery data points, and is used to determine their coordinates. From the viewpoint of a right-hand
coordinate system of the idealized geostationary satellite with the x-axis in the direction of the satellite
velocity and the z-axis pointed at nadir, the north to south angle (i.e., N/S elevation angle) is determined by
a rotation about the x-axis. The east to west angle (i.e., E/W scanning angle) is determined by a rotation
about the rotated y-axis. Note that the earth surface area covered by a data point at a specific horizontal
spatial resolution increases as the distance from the satellite’s nadir increases.

4.2.2 Coordinate System

The ABI fixed grid is expressed in terms of the Cartesian coordinate system. The x axis represents the ABI
E/W scan angle, i.e., the east-to-west direction. The y axis represents the ABI N/S scan angle, i.e., the north-
to-south direction. The origin of the fixed grid represents the satellite sub-point which, by definition, is at
the coordinate, (y = 0, x = 0). Refer to Figure 4.2.2-1, ABI Fixed Grid Coordinate System.
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Figure 4.2.2-1 ABI Fixed Grid Coordinate System

The ABI native spatial resolutions are 0.5, 1.0, and 2.0 km at nadir. The radian is the standard unit
of measure of the fixed grid. It is used to express the angular separation between imagery data
points, which are 14, 28, and 56 microradians, respectively. For the ABI L2+ products that have
reduced resolution (i.e., coarser distance between data points), the analogous spatial resolutions
and angular separations apply. For example, ABI L2+ products with a spatial resolution of 10 km
at nadir have data points with an angular separation of 280 microradians.

The ABI fixed grid coordinate system dictates that the ideal satellite sub-point is located at the corner of
four imagery data points for the ABI native resolutions. Refer to Figure 4.2.2-2.
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Figure 4.2.2-2  Fixed Grid Data Point Locations Relative to the Satellite Sub-Point

34 NON-Export Controlled Information



Product Definition and User’s Guide (PUG)
Volume 5: Level 2+ Products
16 June 2017 DCN 7035538, Revision F

A 2 km data point subsumes four 1 km data points exactly. A 1 km data point subsumes four 0.5 km data
points exactly. Refer to Figure 4.2.2-3. Note that for each of the full disk, CONUS, and mesoscale products,
this relationship holds true when the lower resolution data is a multiple of the higher resolution data.
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Figure 4.2.2-3  Relationship Between Data Points at Different Resolutions
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ABI fixed grid imagery data points can be located on the earth. Knowing the (1) satellite sub-point
longitude, (2) horizontal spatial resolution of the imagery data, (3) distance of the ideal geostationary
satellite location from the earth, and (4) the selected earth model (GRS80) allows the location on the earth
of each data point on the fixed grid to be determined.

4.2.3 Coverage Regions Associated with the Full Disk, CONUS, and Mesoscale Images

The coverage associated with the ABI images is defined in terms of the viewing angle of the earth from the
satellite perspective. Note that the term “scene” is used to communicate what the ABI instrument observes.
The term, “image,” is used to communicate the product data resulting from the scene. Refer to Figure 4.2.3.

North to South & East to West
coverage region on the fixed
grid for full disk products is
0.3036872 radians.

Satellite

Figure 4.2.3 ABI Coverage Regions are Defined In Terms of
Viewing Angle from the Satellite’s Perspective
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The coverage of the Full Disk L1b product consists of those pixels whose centers fall within the GRS80
Earth Ellipse. The maximum East to West and North to South extent of the GRS80 ellipse is shown in Table
4.1.2.3-1. Note that the center of the full disk image is the satellite sub-point.

Table 4.2.3-1 Full Disk Image Coverage Region

East to West Coverage Extent 0.303704160 radians
North to South Coverage Extent 0.302701402 radians

Table 4.2.3-2 defines the coverage region for a CONUS image.

Table 4.2.3-2 CONUS Image Coverage Region

East to West Coverage Extent 0.14 radians
North to South Coverage Extent 0.084 radians

Table 4.2.3-3, Table 4.2.3-4 and Table 4.2.3-5 define the precise location of the center of the CONUS
regions sensed by the ABI for the GOES-R East, West and Test satellite orbital slots at 75 degrees, 137
degrees and 89.5 degrees west longitude. Note that a negative fixed grid coordinate indicates a data point
that is either west or south of the satellite sub-point.

Table 4.2.3-3 GOES-R East CONUS Image Center

East to West Image Offset from Satellite Sub-point -0.031360 radians
North to South Image Offset from Satellite Sub-point 0.086240 radians

Table 4.2.3-4 GOES-R West CONUS Image Center

East to West Image Offset from Satellite Sub-point 0.000000 radians
North to South Image Offset from Satellite Sub-point 0.086240 radians

Table 4.2.3-5 GOES-R Test CONUS Image Center

East to West Image Offset from Satellite Sub-point -0.005040 radians
North to South Image Offset from Satellite Sub-point 0.084560 radians

Table 4.2.3-6 defines the coverage region for a mesoscale image. The mesoscale coverage region extents
are relative to the center of the mesoscale image. The center of a mesoscale image is selected during
operations based on weather conditions in the ABI’s field of regard.

Table 4.2.3-6 Mesoscale Image Coverage Region

East to West Coverage Extent 0.028 radians
North to South Coverage Extent 0.028 radians

Note that the center of each CONUS image and mesoscale image is adjusted to the image corner that is
nearest to the fixed grid data point.
4.2.4 Horizontal Spatial Resolutions

The GOES-R ground system outputs ABI Level 1b and ABI Level 2+ imagery products on the ABI fixed
grid at several horizontal spatial resolutions. Table 4.2.4 identifies the set of horizontal spatial resolutions
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associated with the different types of products. Note that the horizontal spatial resolutions are specified in
terms of resolution in kilometers at nadir, and angular resolution as defined above.

Table 4.2.4 Horizontal Spatial Resolution

Horizontal Spatial Resolution
ABI L1b/GRB ABI L2+ At Nadir TR
0.5 km 14 prad
applicable 1.0 km 28 prad
applicable 2.0 km 56 prad
not applicable 4.0 km 112 jirad
10.0 km 280 prad

4.2.5 Data Point Coordinates

An imagery data point on the ABI fixed grid is associated with an area on or above the surface of the earth.
For example, a data point with a horizontal spatial resolution of 2 km at nadir is associated with a 4 square
kilometer area. By convention, a data point is located at the center of this area with its coordinates expressed
in terms of its angular resolution. For example, the center of a 2 km data point, which has an angular
resolution of 56 microradians in both N/S elevation angle and E/W scanning angle, is 28 microradians from
its edges. Refer to Figure 4.2.5.

56 prads

K—H

28 pradsg
56 urads Data point
: 280 T~ center is its
prads fixed grid
coordinate

Figure 4.2.5  Example: Center of 2 km Data Point

A data point is populated with observed data if its center is on-earth and in the ABI’s field of regard. In
the case of the lower resolution, non-native resolutions, 4 and 10 km, a data point is populated with
observed data if the center of at least one constituent 2 km pixel is on-earth and in the ABI’s field of
regard.

426 Product Data Structures

In the preceding paragraphs that discussed the ABI fixed grid, the specification of its coordinate system,
and the size and location of its data points have been defined. This paragraph defines how this information
is captured in the ABI Level 1b and ABI Level 2+ imagery products.

The ABI Level 1b and ABI Level 2+ products are stored in netCDF version 4 product files. netCDF includes
constructs to define scalar and multi-dimensional data, along with the associated metadata. netCDF
variables are used to store scalar and multi-dimensional data. Metadata can be stored using either netCDF
variables or attributes. The Climate and Forecast (CF) Metadata Conventions are applied to make the ABI
Level 1b and ABI Level 2+ products self-describing. This standard includes requirements that allow the
data to be located in space and time, as well as the semantics of the data to be captured in the product file.

For full disk products, the netCDF variables used to house the values for data points on the fixed grid define
a rectangular region that encompasses the elliptical earth. Note that fill values are used for off-earth and
missing data points. Refer to Figure 4.2.6-1.
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Figure 4.2.6-1  Storing Data Point VValues For Full Disk Image in a Variable
CONUS and mesoscale images are stored in a similar manner.

When netCDF values for data points are reported for single levels in the atmosphere, the variable has two
dimensions, with array element value (0, 0) being the most northwest data point and array element value
(n,n) being the most southeast data point. Note that the first element of an array element represents the fixed
grid y-axis, while the second element represents the fixed grid x-axis, i.e., (ny,ny).

When netCDF data values are reported for multiple levels in the atmosphere, the data variable has three
dimensions. The data variable subscripting is in the form (y, x, z) where z provides the dimension to store
multiple values at the same location on the fixed grid.

In addition to the netCDF variables containing the data, there are coordinate variables in the product file.
Coordinate variables, which are a CF Metadata Convention construct, provide the means to locate the data
in space and time. Coordinate variables are required for the time, and the location along the y and x axes.
The CF Metadata Conventions dictate that the coordinate variable names be the same as the corresponding
dimension names. The values of data elements in the y and x coordinate variables are the ABI fixed grid
coordinates, the N/S elevation angle and the E/W scanning elevation angle, respectively. Note that scaled
integers as defined in the netCDF Users Guide are used for the y and x axis coordinate variables. The
coordinate variable value in the product file is multiplied by the attached attribute scale_factor and then
summed with the add_offset to obtain the ABI fixed grid coordinate in radians. The y and x coordinate
variables are one-dimensional. The dimension of the y coordinate variable is the same as the y dimension
in the data variable. The same is true for the x coordinate variable. This allows specific data points in the
data variable to be associated with their ABI fixed grid coordinates. Refer to Figure 4.2.6-2.

Satellite
sub-point
Full disk 2 km data variable is dimensioned 5424 x
5424
The data variable array element for the data point
\ marked with an “o” is (2711, 2712).
\ The x coordinate variable value for armay element
‘ﬁ o (2712)= 0.000028 radians.

The y coordinate variable value for array element
(2711) =0.000028 radians.

The East to West scanning and North to South
elevation angles of (0.000028, 0.000028) in the 2

y km fixed grid coordinate system are used to
determine the latitude and longitude of data point
“o”.

Figure 4.2.6-2 Relating a Data Point to its ABI Fixed Grid Coordinates
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In the GRB form of the ABI Level 1b Radiances product, the y- and x-coordinate variables, which are
included in the Generic Payload containing the product metadata, are not populated. In this case, the y- and
x-coordinate variables can be determined using the upper left y- and x-coordinates of the data points in the
image, along with the image block height field and the image block width field contained in the Image
Payload Header.

Determining the latitude and longitude of data points using their ABI fixed grid coordinates is defined in
paragraph 4.2.8, Navigation of Image Data, which follows.

The dimensions of the data variables for ABI Level 1b and 2+ full disk, CONUS, and mesoscale products
are defined in Table 4.2.6.

Table 4.2.6 ABI Product Data Variable Dimensions
Horizontal Spatial LR
; Full Disk Extraction from CONUS Mesoscale
Resolution .
Full Disk
km micro- N/S E/W N/S E/W N/S E/W N/S E/W
(nadir) radians | (y-axis) | (x-axis) | (y-axis) | (x-axis) (y-axis) (x-axis) | (y-axis) | (x-axis)
0.5 14 21696 21696 6000 10000 6000 10000 2000 2000
1.0 28 10848 10848 3000 5000 3000 5000 1000 1000
2.0 56 5424 5424 1500 2500 1500 2500 500 500
4.0 112 2712 2712 not applicable 250 250
10.0 280 1086 | 1086 | 300 | 500 | 300 500 100 100

There are two conventions associated with the dimensioning of variables for image data on the fixed grid.
The first convention requires the dimensioning of the lowest native resolution data variables (2 km at nadir)
completely covers the Full Disk, CONUS, and mesoscale images defined above. The second convention
requires the higher native resolution data variables (i.e., 0.5, 1, and 2 km at nadir) and the lower non-native
resolution data variables (i.e., 4 and 10 km at nadir) fully cover the region included in the native 2 km at
nadir resolution data variables.

The selection of CONUS and mesoscale center points has an effect on the location of these region’s pixels
on the ABI fixed grid. For example, if the center point of a native CONUS image is not on the corner of a
Full Disk 10 km pixel, the locations of its 10 km pixels are not the same as that in a CONUS image extracted
from a mode 4 Full Disk image. It is advantageous to end users and their applications to select CONUS and
mesoscale center points where pixels at the provided resolutions are at the same locations regardless of
image type. This is accomplished by selecting CONUS and mesoscale center points using the least common
denominator among the horizontal spatial resolutions (0.5, 1.0, 2.0. 4.0, and 10.0 km) for ABI fixed grid
products. This constraint requires CONUS and mesoscale center points to be on the corner of full disk 20
km (i.e., 0.00056 radian) pixels.

4.2.7

There are several netCDF variables and attributes in the ABI Level 1b and ABI Level 2+ products on the
fixed grid that contain coordinate related information required to geo-locate data points and geo-reference
metadata in the product, and provide support for data discovery. The standard coverage areas associated
with full disk and CONUS products result in coordinate data values that do not change for a satellite
operating at a particular slot. These standard and fixed coordinate data are identified and described in this
paragraph.

Standard Coordinate Data

Table 4.2.7-1 defines the variables and attributes that contain standard coordinate data.
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Table 4.2.7-1 Variables and Attributes Containing Standard Coordinate Data

Variable / Attribute

Description

y -> add_offset
X -> add_offset

Attribute add_offset of coordinate variables “y” and “x” contains
the N/S elevation and E/W scanning angles for center, respectively,
of the upper left (i.e., most northwest) data point in the image. This
value varies with the location of the image for mesoscale.

y -> scale_factor
x -> scale_factor

Attribute scale_factor of coordinate variables “x” and “y” contains
the horizontal spatial resolution of the image.

y_image_center
X_image_center

The y_image_center and x_image_center coordinate variables
contain the N/S elevation and E/W scanning angles, respectively,
of the center the image. These values vary with the location of the
image for mesoscale.

y_image_bounds
X_image_bounds

The y_image_bounds and x_image_bounds boundary variables
contain the N/S elevation and E/W scanning angles of the north
and south, and west and east, extents, respectively, of the image.
These values vary with the location of the image for mesoscale.

geospatial_lat_lon_extent ->
geospatial_lat_nadir

geospatial_lat_lon_extent ->
geospatial_lon_nadir

geospatial_lat_lon_extent ->
geospatial_lat_center

geospatial_lat_lon_extent ->
geospatial_lon_center

geospatial_lat_lon_extent ->
geospatial_northbound_latitude
geospatial_lat_lon_extent ->
geospatial_southbound_latitude
geospatial_lat_lon_extent ->
geospatial_westbound_longitude
geospatial_lat_lon_extent ->
geospatial _eastbound_longitude

This variable and its attributes contain the latitude and longitude of
the satellite’s nadir, center of the image, and north, south, west, and
east extents of the image. Except for the satellite’s nadir, these
values vary with the location of the image for mesoscale.

Table 4.2.7-2 identifies the N/S elevation and E/W scanning angles of the center of the most northwest
pixel in full disk and CONUS images (i.e., y and x coordinate variables’ add_offsets), and the y and x

coordinate variables’ scale_factors.
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Table 4.2.7-2 ABI Image Standard Upper Left Coordinates
Horizontal Spatial Resolution
0.5 km 1.0 km 2.0 km 4.0 km 10.0 km
(0.000014 (0.000028 (0.000056 (0.000112 (0.000280
radians) radians) radians) radians) radians)
add
offset for 0.151865 0.151858 0.151844 0.151816 0.151900
Full Disk y
(all slots) add
offset for -0.151865 -0.151858 -0.151844 -0.151816 -0.151900
X
add
(CGOONEU;R offset for 0.128233 0.128226 0.128212 0.128100
East at y
75 add
d offset for
egtrees X -0.101353 -0.101346 -0.101332 -0.101220
eas
longitude)
add
?GOONEL?R offset for 0.128233 0.128226 0.128212 0.128100
\1/\?/,(;St at - de not applicable
d offset for
egtrees X -0.069993 -0.069986 -0.069972 -0.069860
eas
longitude)
CONUS add
(Test Slot | offset for 0.126553 0.126546 0.126532 0.126420
at -89.5 y
degrees add
east offset for -0.075033 -0.075026 -0.075012 -0.074900
longitude) | x
scale
Scale factor -0.000014 -0.000028 -0.000056 -0.000112 -0.000280
Factors for
for All y
Image scale
Types factor 0.000014 0.000028 0.000056 0.000112 0.000280
for x

Table 4.2.7-3 ABI Image Center (Fixed Grid Coordinates) identifies the N/S elevation and E/W scanning
angles of the center of full disk and CONUS images (i.e., y_image_center and X_image_center coordinate

variables).

Table 4.2.7-3 ABI Image Center (Fixed Grid Coordinates)

y image center (N/S) X image center (E/W)
Full Disk (all slots) 0.0 0.0
CONUS
(GOES-R East at 0.086240 -0.031360
-75 degrees east longitude)
CONUS 0.086240 0.000000
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y image center (N/S) X image center (E/W)

(GOES-R West at -137 degrees
east longitude)

CONUS (Test Slot at -89.5
degrees east longitude)

0.084560 -0.005040

Table 4.2.7-4 identifies the N/S elevation angles of the N/S extents and E/W scanning angles of the E/W
extents of full disk and CONUS images (i.e., y_image_bounds and x_image_bounds boundary variables).

Table 4.2.7-4 ABI Image N/S and E/W Extents (Fixed Grid Coordinates)

y image bounds X image bounds

North South West East
Full Disk (all slots) 0.151872 -0.151872 -0.151872 0.151872
CONUS
(GOES-R East at 0.128240 0.044240 -0.101360 0.038640
-75 degrees east
longitude)
CONUS
(GOES-R West at -137 0.128240 0.044240 -0.070000 0.070000
degrees east longitude)
CONUS (Test Slot at -
89.5 degrees east 0.126560 0.042560 -0.075040 0.064960
longitude)

Table 4.2.7-5 identifies the latitude and longitude of the center and extents of full disk and CONUS images
(i.e., geospatial_lat_lon_extent variable attributes).

Table 4.2.7-5 ABI Image Center and Extents (Lat/Lon Coordinates)

Full Disk | Full Disk | Full Disk | CONUS CONUS CONUS
(GOES-R | (GOES-R | (GOES-R | (GOES-R | (GOES-R | (GOES-R
East at West at | Test Slot East at West at | Test Slot at -
Latitude is degrees north -75 degrees -137 at -75 degrees [-137 degrees|89.5 degrees
Longitude is degrees east east degrees -89.5 east east east
longitude) east degrees | longitude) | longitude) | longitude)
longitude) east
longitude)
geospatial_lat_nadir 0.0 0.0 0.0 0.0 0.0 0.0
geospatial_lon_nadir -75.0 -137.0 -89.5 -75.0 -137.0 -89.5
geospatial_lat_center 0.0 0.0 0.0 30.083003 29.967 29.294
geospatial_lon_center -75.0 -137.0 -89.5 -87.096958 -137.000 -91.406
geospatial_northbound_latitude 81.3282 81.3282 81.3282 56.761450 53.500062 52.767707
geospatial_southbound_latitude -81.3282 -81.3282 -81.3282 14.571340 14.571340 14.000162
geospatial_westbound_longitude -156.2995 141.7005 | -170.7995 | -152.109282 | 175.623576 | -140.616268
geospatial_eastbound_longitude 6.2995 -55.7005 -8.2005 -52.946879 -89.623576 -49.179291
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4.2.8 Navigation of Image Data

This paragraph provides the equations needed to navigate data points on the ABI fixed grid to and from
latitude and longitude. ABI fixed grid coordinates, N/S elevation angle and E/W scanning angle, coupled
with the location of the satellite and the parameters associated with the selected earth model (GRS80) are
used to determine the geodetic latitude/longitude coordinates. This paragraph also provides equations to
determine the ABI fixed grid coordinates from the geodetic latitude/longitude coordinates.

All of the equations are based on the International System of Units (SI). These equations assume data points
are lying on the GRS80 ellipsoid, and the location of data points on the ABI fixed grid is based on a
geostationary satellite at the equator in an idealized orbit.

Table 4.2.8 defines the parameters required to navigate data points on the ABI fixed grid. The parameters
are used in the equations in the following sections.

Table 4.2.8 Parameters Required to Navigate Data Points on ABI Fixed Grid

netCDF Product File Attributes
Parameter « . e e T Attribute Value Definition
goes_imager_projection
Variable
leq semi_major_axis 6378137 m GRS80 semi-major axis
of earth
1/f inverse_flattening 298.257222096 Reciprocal of GRS80
flattening factor
Fpol semi_minor_axis 6356752.31414 m GRS80 semi-minor axis
of earth = (1-f)req
e n/a 0.0818191910435 1%t eccentricity = sqrt(f(2-
f))
=sqrt((reg™2-rpoi2)/req"2)
n/a perspective_point_height 35786023 m Satellite height above
ellipsoid
H perspective_point_height + 42164160 m Satellite height from
semi_major_axis center of earth (m)
X X Input or Output Value rad Fixed Grid E/W scanning
angle (rad)
y y Input or Output Value rad Fixed Grid N/S elevation
angle (rad)
& Input or Output Value GRS80 geodetic latitude
deg/rad (deg/rad)
A Input or Output Value GRS80 longitude
deg/rad (deg/rad)
n/a latitude_of projection_origin 0 deg Satellite East latitude
0rad North
0 deg Satellite West latitude
0rad North
0 deg Satellite Test latitude
0rad North
longitude_of projection_origin -75 deg Satellite East longitude
-1.308996939 rad East
/10 -137 deg Satellite West longitude
-2.39110107523 rad East
-89.5 deg Satellite Test longitude
-1.56206968053 rad East
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Figure 4.2.8 provides an illustration of the coordinate frames and their relationships required for navigation.
The equations in the following paragraphs are based on this figure.

GRS80 Ellipsoid

Satellite

<___ Greenwich
d Meridian

Figure 4.2.8 Coordinate Frames for ABI Fixed Grid Navigation

Two coordinate frames are described. The Earth Centered Fixed (ECF) coordinate frame rotates with the
Earth. The origin is located at the center of the earth. The x-axis (ex) passes through the Greenwich Meridian
and the equator. The z-axis (e;) passes through the North Pole. The y-axis (ey) is defined as the cross product
of the z-axis (e,) with the x-axis (ex) completing the right-handed coordinate system. The satellite coordinate
frame has its origin located at the center of mass of the satellite. Its x-axis (sx) is defined along the line from
the satellite to the center of the earth and the z-axis (s;) is parallel to the ECF z-axis (e;) and points up.
Again the y-axis (sy) completes the right-handed coordinate system and is aligned with the equatorial axis.

Two representations are shown for the latitude. The ¢ represents the geodetic latitude, and @, represents

the geocentric latitude. Note that the geodetic latitude is measured at the equator, where the line is
perpendicular or normal to the GRS80 ellipsoid at point P. The geodetic and geocentric longitudes A are
the same. Longitude is measured from the Greenwich meridian and is positive East and negative West.
Note that the geostationary positions of the GOES-R satellites are both west of the Greenwich Meridian
and therefore have negative longitudes as shown in the table immediately above.

Note that the open-source Unidata Geolocation Projection and Proj.4 Cartographic Projections software to
perform these navigation functions will be available on the web at:

e http://www.unidata.ucar.edu/software/thredds/v4.3/netcdf-
java/v4.2/javadoc/ucar/unidata/geoloc/Projection.html
e http://trac.osgeo.org/proj/wiki/proj%3Dgeos

4.2.8.1 Navigating from N/S Elevation Angle (y) and E/W Scanning Angle (x) to Geodetic
Latitude (¢ ) and Longitude (A1)
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Given a point P on the GRS80 ellipsoid with fixed grid coordinates (y,x) find the geodetic coordinates,
(. 4).

The geodetic latitude (¢ ) and longitude (A ) are computed by the following equations

I 2 S
arctan| — z

[¢J _ rpzol (H - SX)2 + Si

S
Ao —arctan[ ! ]
H-s

X

For:
x = Fixed Grid E/W scan anglein radians

y = Fixed Grid N/Sscan angle in radians

One computes Sx, Sy, S as follows:

2 =sinz(x)+COSZ(X{COSZ(ythi”Z(y)J

rpol

b =—2H cos(x)cos(y)

c=H”-rg
~b-+b*-4ac : :
r, = 5 distance from the satellite to point P
a

s, =T, cos(x)cos(y)

s, =T, sin(x)

s, =, cos(x)sin(y)

Example

This example is based on the GOES-R east satellite for a point, P, in a 2 km CONUS product with fixed
grid coordinates given by

y(558) = 0.095340 rad
x(1539) = -0.024052 rad

Note the variables and their subscripts used here are as defined in paragraph 4.2.6, Product Data Structures,
above.
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Values for the parameters used in the equations and their netCDF Product File Attribute Names described
in the table immediately above are as follows:

leq = gOES_imagery_projection:semi_major_axis = 6378137 (meters)
1/f=goes_imagery_projection:inverse_flattening = 298.257222096

Ipol = gOES_imagery_projection:semi_minor_axis = 6356752.31414 (meters)
e =0.0818191910435

goes_imagery_projection:perspective_point_height = 35786023 (meters)

H = goes_imagery_projection:perspective_point_height +
goes_imagery_projection:semi_major_axis = 42164160 (meters)

X = x(1539) = -0.024052

y = y(558) = 0.095340

A, = goes_imagery_projection: longitude_of_projection_origin

=-1.308996939

Based on these input values, the intermediate calculations in the above equations yield the following:

a =1.000061039

b =-83921070.03

c=1.73714E+15

rs = 37116295.87

Sy = 36937048.73

sy = 892635.0779

s, = 3532287.213
Now using the values specified above and substituting into the equations for ¢ and A, we obtain the
following for the geodetic latitude and longitude,

¢ =0.590726971 rad = 33.846162 deg

A =-1.478135612 rad = -84.690932 deg
corresponding to the GOES-R east satellite fixed grid coordinates of:
y(558) = 0.095340 rad
x(1539) = -0.024052 rad
4.2.8.2 Navigating from Geodetic Latitude (¢ ) and Longitude (A ) to N/S Elevation Angle (y)
and E/W Scanning Angle (x)
Given a point P on the GRS80 ellipsoid with geodetic (¢, A) coordinates find the fixed grid
(y, X) coordinates.

Note that if the following inequality is true, then the (¢, A ) location is not visible from the satellite and

the elevation and scanning angles should not be computed.
2

I
H(H-s,)<s?+-—=Ls?
pol

The N/S Elevation Angle (y) and E/W Scanning Angle (x) are computed by the following equations:
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S
arctan(—zJ
Y _ S
X -,

arcsin| ————=——
\[Ss +S5+s!

Where,
¢ = GRS80 geodetic latitude in radians
A = GRS80 longitude in radians
r2
b = arctan( s tan(¢)} geocentric latitude
€q
I, = ol geocentric distance to the point on the ellipsoid
\1-e?cos?(¢. )
s, ) (H—r.cos(¢. ) cos(1—-4,)
s, |=| —rccos(ge )-sin(A-4,)
s, r. sin(¢. )
Example

This example verifies that the algorithm defined in paragraph 4.1.2.8.1 has an inverse. This example is
based on the GOES-R east satellite for a point, P, in a 2 km CONUS product with geodetic latitude and
longitude given by

¢ = 33.846162 deg = 0.590726966 rad

A =-84.690932 deg = -1.47813561 rad

Values for the parameters used in the equations and their netCDF Product File Attribute Names described
in the table immediately above are as follows:

leq = gO€S_imagery_projection:semi_major_axis = 6378137 (meters)

1/f = goes_imagery_projection:inverse_flattening = 298.257222096

Ipol = gOES_imagery_projection:semi_minor_axis = 6356752.31414 (meters)
e = 0.0818191910435

goes_imagery_projection:perspective_point_height = 35786023 (meters)

H = goes_imagery_projection:perspective_point_height +
goes_imagery_projection:semi_major_axis = 42164160 (meters)

¢ =0.590726966
A =-1.47813561
A, = goes_imagery_projection: longitude_of_projection_origin
=-1.308996939
Based on these input values, the intermediate calculations in the above equations yield the following:
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#e =0.587623849
r. = 6371541.614
s« = 36937048.71
s, = 892635.07

5. = 3532287.186

Now using the values specified above and substituting into the equations for y and x, we obtain the
following for the fixed grid coordinates,

y = 0.095340 rad
X =-0.024052 rad

corresponding to the GOES-R east satellite geodetic latitude and longitude of:
¢ = 33.846162 deg

A =-84.690932 deg

4.2.9 Overlaying Data from Different Image Types

GOES-R ABI Level 1b and ABI Level 2+ product data users will need to overlay full disk, CONUS, and
mesoscale products for data processing and display purposes.

The netCDF coordinate variables contain the ABI fixed grid coordinates, E/W scanning angle and N/S
elevation angle that correspond to each point in the data variable. The ABI fixed grid coordinate values are
relative to the origin of the fixed grid, which is the satellite sub-point. However, the array subscripts for a
netCDF product image data variable are relative to the most northwest data point in the image.

When the resolutions of the products are the same, the following equation allows one to map the data
variable array subscripts from the product containing the geographically smaller region to the product
containing the geographically larger region. Note that the data variable array element (0,0) corresponds to
the most northwest data point in the image data.

Y= (Y=g [ a

XL = (FXs - X)) / a

Where:

FGYs fixed grid N/S elevation angle in radians for smaller region’s northwest data point
FCXs fixed grid E/W scanning angle in radians for smaller region’s northwest data point
FGY, fixed grid N/S elevation angle in radians for larger region’s northwest data point

FEX, fixed grid E/W scanning angle in radians for larger region’s northwest data point

a horizontal spatial resolution of the data in radians

XL larger region’s data variable x-axis subscript for smaller region’s northwest data point
Y. larger region’s data variable y-axis subscript for smaller region’s northwest data point

In the case where the resolution of the products being overlaid is not the same, the same general thinking
applies, except "a" needs to be the horizontal spatial resolution of the data in radians for the geographically
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larger product, and the application will need to deal with incongruities caused by the differing resolutions
of the products.

Example

This example shows how a 2 km CONUS product can be overlaid on a 2 km Full Disk product from the
GOES-R East satellite at -75 degrees east longitude.

Table 4.2.9 captures the parameters required.

Table 4.2.9 Parameters for 2 km CONUS Product Overlay on 2 km Full Disk Product

Parameter Name netCDF Product Variable / Attribute Name Va_lue
(radians)
FCY conus CONUS coordinate variable y(0) 0.126588
FCX conus CONUS coordinate variable x(0) -0.110236
FCY tuipisk Full Disk coordinate variable y(0) 0.151844
FEX Fullpisk Full Disk coordinate variable x(0) -0.151844
a CONUS product file <primary data variable>:resolution 0.000056

Using the equations defined above:

"Yeunoisk = (F®Y runpisc- Y conus) / @ = (0.151844 - 0.126588) / 0.000056 = 451
"Xeunpisk = (FXconus - " Xruipisk) / @ = (-0.110236 - -0.151844) / 0.000056 = 743
Therefore:

(1) Full Disk location for coordinate variable y(451) and x(743) is same location as CONUS
coordinate variable y(0) and x(0)

(2) <DataVariable> Full Disk (451,743) is same location as <DataVariable> CONUS (0,0)

4.3 Global Latitude/Longitude Grid

A global latitude/longitude grid is the projection associated with the data in the ABI Level 2+ Downward
Shortwave Radiation: Surface and Reflected Shortwave Radiation: Top Of Atmosphere (TOA) products.

This paragraph includes the following subordinate paragraphs:

o Description

e Coordinate System

o Coverage Area Associated with the Full Disk, CONUS, and Mesoscale Images
e Horizontal Spatial Resolutions

e Data Point Coordinates

e Product Data Structures

e Standard Coordinate Data

e Overlaying Data from Different Image Types and Satellites

4.3.1 Description

The data points in the GOES-R ABI Level 2+ shortwave radiation products are on a global
latitude/longitude grid. Data point edges are on integer (i.e., whole) degree latitudes and longitudes for all
horizontal spatial resolutions associated with the shortwave radiation products.

Data points populated in these global latitude/longitude products are limited by the availability of data in
the source ABI Level 1b Radiances products, which are on the ABI fixed grid. As a result, the data points
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populated do not form a rectangular region in the projected latitude/longitude space. In fact, the shape of
the region formed by the populated data points in the global latitude/longitude grid varies as a function of
the ABI’s viewing angle for the CONUS and mesoscale image types. Even the full disk image type, which
is near hemispheric, populated data points in the shortwave radiation products do not form a perfect
rectangular region in the projected latitude/longitude space due to the characteristics of the ABI’s field of
regard along its edge. Refer to Figure 4.3.1, Populated Region in GOES-R CONUS Shortwave Radiation
Product, for an illustration of where valid data exists.
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Figure 4.3.1 Populated Region in GOES-R CONUS Shortwave Radiation Product

As is the case with the ABI fixed grid ABI Level 1b and 2+ products, the GRS80 ellipsoid is the earth
model employed.

4.3.2 Coordinate System

The coordinates for the global latitude/longitude grid are latitude and longitude. In two-dimensional map
space, the x-axis is at the equator, and the y-axis is at the prime (Greenwich) meridian. Unlike the ABI
fixed grid, this coordinate system is independent of the satellite’s location. By convention, degrees north
and degrees east are used for latitude and longitude, respectively. Refer to Figure 4.3.2, Projecting Latitude
and Longitude on a Two Dimensional Map.
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Figure 4.3.2  Projecting Latitude and Longitude on a Two Dimensional Map
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Latitude coordinates north of the x-axis (i.e., equator) are positive when using degrees north. Longitude
coordinates east of the y-axis (i.e., prime meridian) are positive when using degrees east. Note that 180
degrees east longitude equals -180 degrees east longitude.

4.3.3 Coverage Regions Associated with the Full Disk, CONUS, and Mesoscale Images

The coverage regions associated with full disk, CONUS, and mesoscale shortwave radiation products are
nearly identical to those associated with the source ABI fixed grid product data. The one difference being
the geographic extents of the images are multiples of the horizontal spatial resolution of shortwave radiation
product data points. A data point is populated with shortwave radiation product data if its center is on-earth,
and it is in the ABI’s field of regard. Table 4.3.3 defines the coverage region for a full disk shortwave
radiation product image in degrees of latitude and longitude. Note that the center of this image is the satellite
sub-point.

Table 4.3.3  Shortwave Radiation Product Full Disk Image Coverage Region

East to West Coverage Extent 163.0 degrees of longitude
North to South Coverage Extent 163.0 degrees of latitude

The CONUS and mesoscale image type coverage regions in terms of degrees of latitude and longitude vary
as a function of the ABI’s viewing angle as discussed above in Paragraph 4.3.1, Description, and illustrated
in Figure 4.3.1, Populated Region in GOES-R CONUS Shortwave Radiation Product. By convention, the
center of these CONUS and mesoscale shortwave radiation product images are the centers of source ABI
fixed grid images.

4.3.4 Horizontal Spatial Resolutions

The GOES-R ground system outputs ABI Level 2+ shortwave radiation products on the global
latitude/longitude grid at three horizontal spatial resolutions. Table 4.3.4-1 identifies the set of horizontal
spatial resolutions associated with the different shortwave radiation product image types.

Table 4.3.4-1 Horizontal Spatial Resolution of Shortwave Radiation Products

Horizontal Spatial Resolution (in degrees)

Full Disk CONUS Mesoscale
Downward Shortwave
Radiation: Surface 0.5 0.25 0.05
(DSR:S)
Reflected Shortwave
Radiation: TOA 0.25 0.25 not applicable
(RSR:T)

The horizontal spatial resolutions for the shortwave radiation products are 0.05, 0.25, and 0.5 degrees in
both latitude and longitude. The edge of the areas covered by data points for all three horizontal spatial
resolutions align to integer (i.e., whole) degrees of latitude and longitude. A 0.5 degree data point subsumes
four 0.25 degree data points exactly. A 0.25 degree data point subsumes twenty-five 0.05 degree data points
exactly. Refer to Figure 4.3.4, Relationship Between Latitude/Longitude Data Points at Different
Resolutions.
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Figure 4.3.4  Relationship Between Latitude/Longitude Data Points at Different Resolutions

The latitude and longitude labeling in this figure illustrates an example north and west of the equator and
prime meridian, respectively.

The location of shortwave radiation product data points is relative to global latitude/longitude grids

defined for each of the horizontal spatial resolutions. Table 4.3.4-2 defines the global grid dimensions for
each of the horizontal spatial resolutions.
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Table 4.3.4-2 Shortwave Radiation Product Global Grid Dimensions

Degrees per data point 0.5 0.25 0.05
Global grid dimensions 720 x 360 1440 x 720 7200 x 3600

Each of the full disk, CONUS, and mesoscale shortwave radiation products reside on a subset of
one of these global grids.

4,35 Data Point Coordinates

A shortwave radiation product data point on the global latitude/longitude grid is associated with an area on
or above the surface of the earth. By convention, a data point is located at the center of this area with its
coordinates expressed in terms of degrees latitude and longitude. For example, the center of a 0.25 degree
data point is 0.125 degrees from its edges. Refer to Figure 4.3.5.

0.25deg
0.125 deg
0.95 de Data point
9 lo125 \-. center is its
de Iatitude/
° longitude
coordinate

Figure 4.3.5  Example: Center of 0.25 Degree Data Point

4.3.6 Product Data Structures

In the preceding paragraphs, the specification of the global latitude/longitude grid coordinates system and
the size and locations of its data points have been defined. This paragraph defines how this information is
captured in the ABI Level 2+ shortwave radiation products.

In addition to the netCDF variables containing the data, there are coordinate variables in the product file.
Coordinate variables, which are a CF metadata convention construct, provide the means to locate the data
in space and time. Coordinate variables are required for the time, and the location along the latitude and
longitude axes. The CF metadata conventions dictate that the coordinate variable names be the same as the
corresponding dimension names. The values of data elements in the lat and lon coordinate variables are the
latitude and longitude coordinates, respectively. Note that scaled integers as defined in the netCDF Users
Guide are used for the lat and lon axis coordinate variables. The coordinate variable value in the product
file is multiplied by the attached attribute scale_factor and then the add_offset to obtain the latitude or
longitude coordinate in degrees. The lat and lon coordinate variables are one-dimensional. This allows
specific data points in the data variable to be associated with their latitude and longitude coordinates.

Data points populated in these global latitude/longitude products are limited by the availability of data in
the source ABI Level 1b Radiances product data. As a result, the data points populated do not form a
rectangular region in the projected latitude/longitude space. In fact, the shape of the region formed by the
populated data points in the global latitude/longitude grid varies as a function of the ABI’s viewing angle
for the CONUS and mesoscale image types. Even the full disk image type, which is near hemispheric,
populated data points in the shortwave radiation products do not form a perfect rectangular region in the
projected latitude/longitude space due to the characteristics of the ABI’s field of regard along its edge. Refer
to Figure 4.3.1, Populated Region in GOES-R CONUS Shortwave Radiation Product, for an illustration of
where valid data exists.
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The dimensions associated with the bounding rectangle on the global latitude/longitude grid for shortwave
radiation product data points populated from the source ABI Level 1b Radiances product data vary as a
function of the ABI’s viewing angle to the CONUS or mesoscale region. In the case of CONUS images,
whose geographic location do not change often, the dimensions of the data variable precisely align to the
bounding rectangle.

In the case of mesoscale image type, where their earth locations vary with changing weather conditions, the
dimensions are selected based on a worst case scenario, which is a maximum northern or southern off-nadir
mesoscale center point. The dimensions of the data variables for ABI Level 2+ shortwave radiation full
disk, CONUS, and mesoscale products are defined in Table 4.3.6.

Table 4.3.6 ABI Level 2+ Shortwave Radiation Product Data Variable Dimensions

Horizontal Spatial Resolution
0.05 degrees 0.25 degrees 0.5 degrees
(approximately 5 km | (approximately 25 km (approximately 50
at nadir) at nadir) km at nadir)
N/S
. (Iatitude axis) 652 326
Full Disk
/W . 652 326
(longitude axis)
N/S
. . 169
CONUS East (latitude axis)
E/W
. . 397
(longitude axis) .
not applicable
N/S
(latitude axis) 156
CONUS West E/W not applicable
(longitude axis) 378
N/S
. . 155
CONUS Test (latitude axis)
E/W 364
(longitude axis)
N/S
(latitude axis) 888 .
Mesoscale not applicable
E/W 565
(longitude axis)

The design to position the mesoscale shortwave product data into a data variable sized for the worst case
maps the northwest corner of the bounding rectangle in global latitude/longitude space to (0,0) of the data
variable. By design, the first row and column each have one or more valid shortwave radiation data points.
Unused elements in the data variable are loaded with the fill value. Refer to Figure 4.3.6-2, Population of
Mesoscale Shortwave Radiation Product Data Variable (Conceptual).
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Figure 4.3.6-2 Population of Mesoscale Shortwave Radiation Product Data Variable (Conceptual)

4.3.7

Standard Coordinate Data

There are several netCDF variables and attributes in the ABI Level 2+ shortwave radiation products on the
global latitude/longitude grid that contain coordinate related information required to geo-locate data points,
geo-reference metadata in the product, and provide support for data discovery. The standard coverage areas
associated with full disk and CONUS products result in coordinate data values that do not change for a
satellite operating at a particular slot. These standard and fixed coordinate data are identified and described

in this paragraph.

Table 4.3.7-1 defines the variables and attributes that contain standard coordinate data.

Table 4.3.7-1 Variables and Attributes Containing Standard Coordinate Data

Variable / Attribute

Description

lat -> add_offset
lon -> add_offset

Attribute add_offset of coordinate variables “lat” and “lon” contains the
latitude and longitude for center, respectively, of the upper left (i.e., most
northwest) data point in the image. This value varies with the location of the
image for mesoscale.

lat -> scale_factor
lon -> scale_factor

Attribute add_offset of coordinate variables “lat” and “lon” contains the
horizontal spatial resolution of the image.

lat_image_center
lon_image_center

These coordinate variables contain the latitude and longitude of the center

the image. These values vary with the location of the image for mesoscale.
Note that this center location is the ABI fixed grid center of the source ABI
level 1b Radiances image data.

lat_image_bounds
lon_image_bounds

These boundary variables contain the latitude and longitude of the west and
east, and north and south extents, respectively, of the image. These values
vary with the location of the image for mesoscale.

geospatial_lat_lon_extent ->
geospatial_lat_nadir

geospatial_lat_lon_extent ->
geospatial_lon_nadir

geospatial_lat_lon_extent ->
geospatial_lat_center

geospatial_lat_lon_extent ->
geospatial_lon_center

geospatial_lat_lon_extent ->
geospatial_northbound_latitude
geospatial_lat lon_extent ->

This variable and its attributes contain the latitude and longitude of the
satellite’s nadir, center of the image, and north, south, west, and east extents
of the image. Except for the satellite’s nadir, these values vary with the
location of the image for mesoscale.
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Variable / Attribute

Description

geospatial_lat_lon_extent ->

geospatial_lat_lon_extent ->

geospatial_southbound_latitude

geospatial_westbound_longitude

geospatial_eastbound_longitude

Table 4.3.7-2 identifies the latitude and longitude of the center of the most northwest pixel in full disk and
CONUS images (i.e., lat and lon coordinate variables’ add_offsets), and the lat and lon coordinate variables’

scale_factors.

Table 4.3.7-2 Shortwave Radiation Product Image Standard Upper Left Coordinates

Horizontal Spatial Resolution

0.25 degrees 0.5 degrees
(approximately 25 | (approximately 50
km at nadir) km at nadir)
Full Disk All (East, add offset for lat 81.375 81.25
West, & Test) scale factor for lat -0.25 -0.5
' scale factor for lon 0.25 0.5
Full Disk East add offset for lon -156.375 -156.25
Full Disk West add offset for lon 141.625 141.75
Full Disk Test add offset for lon -170.875 -170.75
CONUS All (East, scale factor for lat -0.25
West, & Test) scale factor for lon 0.25
add offset for lat 56.375
CONUS East add offset for lon -151.875
add offset for lat 53.125 not applicable
CONUS West add offset for lon -183.125
add offset for lat 53.0
CONUS Test
add offset for lon -140.75

Table 4.3.7-3 identifies the latitude and longitude of the center and extents of the full disk and CONUS
shortwave radiation product images. Note that these coordinates exist in two forms in the product files. One
form is the coordinate variables required to conform to the CF metadata conventions. The other form is
attributes used for data discovery.

Table 4.3.7-3 Shortwave Radiation Product Image Center and Extents
coordinate variable /
attribute for data discovery Eull Full Disk Eull CONUS CONUS CONUS
DI West DI X East West Test
latitude is degrees north East Test
longitude is degrees east
lat_image_center / 0.0 0.0 0.0 30.083003 | 29.8659 29.294
geospatial lat_center
lon_image_center / -75.0 -137.0 -89.5 | -87.096958 -137.0 -91.406
geospatial _lon_center
lat_image_bounds (1) /
geospatial_northbound_latitude 815 815 815 56.5 53.25 53.0
lat_image_bounds (2) / i i i
geospatial southbound_latitude 815 815 815 14.5 14.50 14.0
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coordinate variable /
attribute for data discovery Fyll Full Disk Fyll CONUS CONUS CONUS
DIk West DIBK East West Test
latitude is degrees north East Test
longitude is degrees east
lon_image_bounds (1)/ 1565 | 1415 | -1710 1152.0 176.875 | -140.625
geospatial_westbound_longitude
lon_image_bounds (2)/ 6.5 55,5 8.0 53.25 905 49,0
geospatial_eastbound_longitude

4.3.8 Overlaying Data from Different Image Types and Satellites

GOES-R ABI Level 2+ shortwave radiation product data users may need to overlay full disk, CONUS, and
mesoscale shortwave radiation products for data processing and display purposes.

The netCDF coordinate variables contain the latitude and longitude coordinates that correspond to each
point in the data variable. However, the array subscripts for a netCDF data variable are relative to the most
northwest data point in the particular product file.

When the resolutions of the products are the same, the following equation allows one to map the data
variable array subscripts from the product containing the geographically smaller region to the product
containing the geographically larger region. Note that the data variable array element (0,0) corresponds to
the most northwest data point in the image data.

"LAT. = (LATL- LATs) / a

"LONL = (LONs - LON,) / a

where,

LATs latitude for smaller region’s northwest data point

LONs longitude for smaller region’s northwest data point

LAT, latitude for larger region’s northwest data point

LON_. longitude for larger region’s northwest data point

a horizontal spatial resolution of the data in degrees

"LATL larger region’s data variable latitude axis subscript for smaller region’s northwest data point
"LON. larger region’s data variable longitude axis subscript for smaller region’s northwest data point

The use of a global latitude/longitude grid for shortwave radiation product data allows for overlaying and
merging data from GOES-R satellites operating at different orbital slots. The same equation is used to
support this except the terms for the larger region are generalized to become the anchor region from a data
processing and display standpoint.

In the case where the resolution of the products being overlaid is not the same, the same general thinking
applies, except "a" needs to be the horizontal spatial resolution of the data in degrees for the geographically
larger or anchor product, and the application will need to deal with incongruities caused by the differing
resolutions of the products.
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Example

This example shows how a 0.25 degree CONUS product can be overlaid on a 0.25 degree Full Disk
product from the GOES-R East satellite at -75 degrees east longitude.

Table 4.3.8 captures the parameters required.

Table 4.3.8 Parameters for 0.25 Degree CONUS Product
Overlay on 0.25 Degree Full Disk Product

. . Value
Parameter Name LzAeels Produc,t\IVarlabIe AN (degrees north for latitude,
ame :
degrees east for longitude)
LATconus CONUS coordinate variable y(0) 56.5
LONconus CONUS coordinate variable x(0) -152.0
LAT rulipisk Full Disk coordinate variable y(0) 81.5
LONEuiipisk Full Disk coordinate variable x(0) -156.5
a CONUS product file <primary data 0.25
variable>:resolution

Using the equations defined above:
"LATrunpisk = (LATrunpisk - LATconus) / @ = (81.5 - 56.5) / 0.25 = 100
A|_ON|:u||Di5,k: (LONCONUS- LONFuuDisk) [a= (-152.0 - -156.5) /0.25=18

Therefore:

(1) Full Disk location for coordinate variable lat (100) and lon (18) is same location as CONUS
coordinate variable lat(0) and lon(0)

(2) <DataVariable> Full Disk (100,18) is same location as <DataVariable> CONUS (0,0)

4.4 Common Level 2+ Product Coordinates

Coordinates are included in the product files, and provide the capability to locate individual product data
values in space and time. Space not only refers to physical location but can refer to wavelength within the
electromagnetic spectrum, atmospheric pressure levels, location relative to sun or the sensing platform, and
other points of reference meaningful to the particular data quantity. Coordinates are described in detail in
the CF Metadata Conventions section in the main volume of the PUG.

Table 4.4, Common Level 2+ Product Coordinates identifies and describes coordinates common to multiple
ABI Level 2+ products.

Table 4.4 Common Level 2+ Product Coordinates
Coordinate Description
Geo-location coordinates The geo-location coordinates for product data points on the ABI fixed grid are

the N/S elevation and E/W scanning angles stored in variables “y” and “x”,
respectively. A mapping to latitude and longitude coordinates is required.
Refer to the paragraph 4.1.2 ABI Fixed Grid, for additional details.

The geo-location coordinates for product-level metadata on the ABI fixed grid,
such as the roll-up statistics associated with the gridded data, are the N/S
elevation and E/W scanning angles for the center of the product and its
bounding rectangle. These coordinate values are stored in variables
“y_image”, “x_image”, “y_image_bounds”, and “x_image bounds”.
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Coordinate Description

The geo-location coordinates for product data points not on the ABI fixed grid
are latitude and longitude coordinates. These coordinate values are stored in
variables “y” and “x”, respectively.

The geo-location coordinates for product-level metadata not on the ABI fixed
grid, such as the roll-up statistics associated with the Derived Motion Winds
product, are the latitude and longitude for the center of the product and its
bounding rectangle. These coordinate values are stored in variables
“y_image”, “x_image”, “y_image bounds”, and “x_image bounds”.
Observation time period The time coordinates for the product data and metadata are the mid-point, and
start and end time of the sensing period for the product. These coordinate

values are stored in variables “t” and “time_bounds”.

Band central wavelength and The band central wavelength and corresponding band identifier where

identifier applicable for wavelength dependent data quantities. These coordinate values
are stored in variables “band_wavelength” and “band_id”, respectively.

Local zenith angle There are many ABI Level 2+ products where the angle between the line of

sight to the satellite and the zenith at the observation target has an adverse
effect on the quality of product data or precludes its generation. The local
zenith angle coordinates identify the specific angular constraints. These
coordinate values are stored in variables whose names have the string
“local_zenith_angle” and “local_zenith_angle_bounds”. Additional details on
the use of local zenith angle coordinate variables are discussed in paragraph
4.4.1 Local and Solar Zenith Angle Coordinate Variable Usage.

Solar zenith angle There are many Level 2+ products where the angle between the line of sight to
the sun and the zenith at the observation target has an adverse effect on the
quality of product data or precludes its generation. This coordinate is also used
to indicate day-only product data. These coordinate values are stored in
variables whose names have the string “solar_zenith_angle” and
“solar_zenith_angle_bounds”. Additional details on the use of solar zenith
angle coordinate variables are discussed in paragraph 4.4.1 Local and Solar
Zenith Angle Coordinate Variable Usage.

4.4.1 Local and Solar Zenith Angle Coordinate Variable Usage

The vast majority of ABI Level 2+ products have one or both local and solar zenith angle constraints. In
fact, many of these products have one or both two local and two solar zenith angle constraints. Typically,
the reason a product has two local or solar zenith angle constraints is that there is one angular constraint for
good and degraded quality data production, and another more restrictive angular constraint for good quality
data production. It is important to note that there are products that have a zenith angle constraint for data
production, and that the same constraint is also associated with good quality data production. That is, there
is no degraded quality data production. It is also important to note that there are cases where different local
and solar zenith angle constraints apply to the variables in a product.

A key design objective for the ABI Level 2+ detailed product specifications is that they result in a product
that is self-describing and clear. The use of local and solar zenith angle coordinate variables where they
may be associated with good, or good or degraded quality product data, coupled with the need for multiple
zenith angle coordinate variables of each type introduce complexity, and have the potential to cause
confusion. As a result, a set of zenith angle coordinate variable product specification conventions have been
developed and applied across all the ABI Level 2+ products to minimize confusion. The conventions are as
follows:

o When both local and solar zenith angle constraints do not apply to an ABI Level 2+ product, local
and solar zenith angle coordinate variables are not specified.
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¢ When a product has a local or solar zenith angle constraint, both local and solar zenith angle
coordinate variables are specified.

o When a product has only one local zenith angle constraint, the name of the coordinate variable is
“local_zenith_angle”. When a product has only one solar zenith angle constraint, the name of the
coordinate variable is “solar_zenith_angle”.

¢ When a product has more than one local zenith angle constraint, the name of the coordinate variable
associated with data production is “retrieval_local_zenith_angle”. When a product has more than
one solar zenith angle constraint, the name of the coordinate variable associated with data
production is “retrieval_solar_zenith_angle”.

e When a product has one local zenith angle constraint for good and degraded quality data production,
and another for good quality data production, the name of the coordinate variable for the latter is
“quantitative_local_zenith_angle”. When a product has one solar zenith angle constraint for good
and degraded quality data production, and another for good quality data production, the name of
the coordinate variable for the latter is “quantitative_solar_zenith_angle”.

The value of the long_name attribute for these zenith angle coordinate variables capture the quality of the
product data for which they are associated.

These zenith angle coordinate variables are associated with the product primary data, data quality flag, and
statistic variables as applicable. In the case of product primary data variables, all zenith angles coordinate
variables defined for the product are associated with these variables because the fidelity of the values of the
primary data variable elements are dependent on the angular constraints defined by zenith angle coordinate
variables.

In the case of the data quality flag variables, these zenith angle coordinate variables indicate whether the
values of data quality flag variable elements are dependent on the specific zenith angle coordinate variable.
For example, should the value of a data quality flag variable provide an indication for the angular constraint
where product data is produced, only the zenith coordinate variable for data production is associated with
the data quality flag variable. However, should the value of a data quality flag variable provide an indication
for the angular constraints where good and degraded quality data is produced, and where good quality data
is produced, the zenith coordinate variables for both good and degraded quality, and good quality data
production are associated with the data quality flag variable.

For the product statistic variables, only one local and one solar zenith coordinate variable are associated
with the product statistic variables because the calculations used to generate the statistical values uses one
local and one solar zenith angle angular constraint.

45 Common Level 2+ Product Data Quality Flag Variables
A data quality flag provides one or more indicators of quality. It is associated with:

e each data point in the case of an ABI Level 2+ gridded product

e each wind vector or hurricane intensity estimate in the case of the Derived Motion Winds and
Hurricane Intensity Estimate products, respectively

e each Lightning Detection product flash and constituent group

The dimensions of the variable containing the data quality flags mirror that of the variable containing the
data. The relationship between the data variable and the data quality flag variable is expressed by attaching
the attribute ancillary_variables to the data variable in accordance with the CF Metadata Conventions. The
value of this attribute is the name of the variable containing the data quality flags, usually DQF unless the
product file contains multiple DQF variables.
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The possible values assigned to a data quality flag vary for each Level 2+ product. This is a result of the
different science and boundary conditions, and design approaches associated with each Level 2+ algorithm.
Some products provide the quality of the product data elements, while others provide the quality of the
algorithm execution (i.e., retrieval) for the product data elements. Some products include a binary indication
of quality while others include many indications of quality. The CF Metadata Convention attributes
flag_values, flag_mask, and flag_meanings are used to express the data quality flag values and their
meaning. Refer to the CF Metadata Conventions paragraph in the main volume of the PUG for additional
details.

4.6 Common Level 2+ Product Statistics

The Level 2+ products contain data transmission error statistics that provide a summary level indication of
the availability of error-free source data required for the generation of the product.

The Level 2+ products contain the percentage of data elements (e.g., gridded data points, etc.) associated
with each data quality flag value. In the case of gridded data products on the ABI fixed grid, the value of
the denominator used in calculating this percentage is the number of data points where the source data for
the data points can be geolocated (i.e., on-earth). In the case of Derived Motion Winds, the value of the
denominator is the number of wind vectors. In the case of Lightning Detection, the value of the
denominators for the flag and group quality flags are the number of flashes and groups, respectively, in the
product file.

The ABI Level 2+ products whose data quantities are continuous other than the Legacy Vertical Moisture
and Temperature Profile products contain minimum, maximum, mean, and standard deviation values
associated with their primary data, which is a gridded data set in all cases except the Derived Motion Winds
product. The specific product data elements used in the determination of these statistics varies among the
different products. What specific data elements are used is expressed in description paragraph for each
product and the attribute cell_methods attached to the statistic data variables in the product metadata.

The ABI Level 2+ gridded products whose data quantities are continuous, and not categorical, or report at
multiple levels in the atmosphere, include outlier counts, which are processed pixels who values are outside
the valid measurement range.

The minimum, maxi