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1 Introduction

1.1 Document Purpose

The primary purpose of this document is to convey product specifications of the Obser-
vational Products for End-Users from Remote Sensing Analysis (OPERA) Level-3 Distur-
bance product from Sentinel-1A /C inputs (DIST-S1). This product, referred to by the short
name DIST-S1, will be generated by the OPERA Hybrid Science Data System (HySDS).
It will be openly distributed by NASA’s Land Processes Distributed Active Archive Center
(LP.DAAC).

1.2 Document Organization

Section 2 provides an overview of the product, including its purpose. Section 3 provides
the structure of the product, including tile definition, file organization, spatial resolution,
and temporal and spatial organization of the content, as well as the typical file size and
total data volume. Section 4 provides a detailed description of DIST-S1 product layers
and corresponding metadata. Appendix A provides a list of the acronyms used in this
document.

1.3 Applicable and Reference Documents

e |[RDI1| Richard West, Charlie Marshak, Talib Oliver Cabrera, and Jungkyo Jung.
DIST-S1 Algorithm Theoretical Basis Document. JPL D-108776, Reviewed Novem-
ber 20, 2024.

1.4 Applicable Software

This document is being released in parallel with the DIST-S1 products and it’s associated
software. The current software release relevant to this document is available at the Science
Application Software (SAS): dist-s1 v2.0.14. Details can be found at the Github repository
https://github.com/opera-adt/dist-s1. The products generated by this version of the SAS
are consistent with those described in this document.

2 Product Overview

The Satellite Needs Working Group (SNWG) identified a need for the delineation of generic
disturbance at the near global scale using available optical and SAR data imaging our
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Figure 1: MGRS tiling system from [2]. Shown are 6° x 8° aggregated tile extents for
visualization; there are hundreds of MGRS tiles subdividing each of these aggregated tiles.

planet. The DIST-S1 product provides a SAR view of generic disturbance from Sentinel-1
A /C imagery, specifically, the terrain corrected amplitude data from OPERA’s Radiometric
and Terrain Corrected imagery (OPERA RTC-S1). The RTC-S1 inputs provide weather-
and illumination-independent view of this disturbance. We now provide an overview of the
output layers including the layer’s interpretation and their datatype.

Our DIST-S1 product will be distributed with respect to the Military Grid Reference
System (MGRS) as shown in Figure 1 with 30 meter resolution and with total image size
3600 x 3600 pixels. This tiling is used for Sentinel-2 image products [1] and has been
since adopted for Harmonized Sentinel-2 and Landsat (HLS) data, as well as OPERA’s
Disturbance suite, including the DIST-S1 specified here. Each tile spans approximately
109.8 km x 109.8 km. In Figure 1, the extents are 6° x 8° tiles, which each contain
hundreds of these tiles. A DIST-S1 product over a given MGRS tile will be coregistered
with HLS and DIST-HLS products over that same tile to ensure analysis can be harmonized
across sensors. The labels, color maps, and interpretation will be aligned wherever possible.
For each MGRS tile, we will record the origin and relevant UTM zone to ensure proper
resampling of the products.

A new DIST-S1 product over a given MGRS tile is generated with each new pass of
Sentinel-1 data over that tile. We will trigger the generation through a a burst/MGRS
table that connects the extents of these two overlapping spatial identities (See Figure 2).
In particular, each DIST-S1 product can be uniquely identified by its MGRS tile and the
date of the latest Sentinel-1 pass over that tile.
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Figure 2: High-level workflow ofthe D IST-S1 a lgorithm i ncluding t he i ngestion o f input
datasets and the algorithm’s processing steps. This document is an explanation of this
flow d iagram. T he o utput o ft he a lgorithm i s t he g eneration o ft he D IST-S1 ALERT
product, which provides information about disturbance from the latest Sentinel-1 pass in
three fields, and information about how consistently disturbances were observed over time

in an additional seven confirmation p rocessfie lds. Therewillbe a con figurable file for
setting relevant algorithm parameters (which is called the RunConfig as is the case with
other OPERA algorithms). Details of the ancillary data used is found in Table 1.

3 Product Organization

In this section, we describe the DIST-S1 file format and naming convention, as well as tile
definition, labeling scheme, and spatial organization.

3.1 File Format

Each OPERA DIST-S1 product is distributed as a set of 10 Cloud Optimized
GeoTIFF files containing additional metadata via gdal tags. Each layer will contain a single
2D array of data. The GeoTIFF is a format to store georeferenced rasters and is the
standard for remote-sensing imagery. The GeoTIFF standard is a Tagged Image File
Format (TIFF). It enables the storage of compressed rasters with georeferencing and
metadata that can be easily read and visualized through open-source Geographic
Information System (GIS) software, including the open Geospatial Data Abstraction
Library (GDAL) and Quantum GIS (QGIS). The layers are shown in Table 1.
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3.2 File-Naming Convention

OPERA DIST-S1 granule names are designed to ensure unique and descriptive identification
for the OPERA DIST-S1 products. The product naming convention is used for the Product
1D:

Project_Level_ProductShortName-Source_TileID_DateTime_
ProductGenerationDateTime_Sensor_PixelSpacing_ProductVersion

There are 10 layers within a given product, each distributed as GeoTIFF, with an an
additional token:

Project_Level_ProductShortName-Source_TileID_DateTime_
ProductGenerationDateTime_Sensor_PixelSpacing_ProductVersion_-

_LayerName.tif

Note that .tif is the common file suffix for GeoTIFF. We summarize all these tokens
NOW:

Project: “OPERA”

Level: “L3”

ProductShortName: “DIST-ALERT”

Source: The input source of the product (“S1” in this case)

TileID: Specific MGRS tile ID of the product.

DateTime: The acquisition date and time (Greenwich Mean Time or GMT) of the

earliest input RTC-S1 burst image (format: YYYYMMDDTHHMMSSZ) in the MGRS

tile. The earliest acquisition time is extracted from the RTC-S1 bursts overlapped with

the MGRS tile.

e ProductGenerationDateTime: The date and time (GMT) at which the product was
generated by OPERA (format: YYYYMMDDTHHMMSSZ)

e Sensor: The image input sensor “S1A” (Sentinel-1A) or “SIB” (Sentinel-1B) or “S1C”
(Sentinel-1C)

e PixelSpacing: Pixel spacing in meters

e ProductVersion: OPERA DIST-S1 product version number with four characters, in-
cluding the letter “v” and two digits indicating the major and minor versions, which are
delimited by a period

e LayerName One of 10 layer identifiers as listed in the third column of table 1

Example for the DIST-GEN-STATUS layer (see Table 1):

OPERA_L3_DIST-S1_T158XR_20210205T163901Z_
20220101T140222Z_S1A_30_v0.1_DIST-GEN-STATUS.tif
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Such a layer would be distributed with the other 6 layers in a directory with name:

OPERA_L3_DIST-S1_T155XR_20210205T163901Z_
20220101T140222Z_S1A_30_v0.1/

3.3 Tile Definition

The OPERA DIST-S1 products conform to the tiling scheme of Sentinel-2, HLS, and
OPERA DIST-HLS products to optimize the integration and harmonization of disturbance-
related OPERA products. The exact tiling definitions are provided via a Keyhole Markup
File for the Sentinel-2 mission [1]. Each tile spans a ground area of 109.8 km x 109.8
km, structured into 3,660 rows and 3,660 columns with a pixel spacing of 30 m in both
horizontal and vertical directions. To facilitate seamless mosaicking, both DIST-S1 and
DIST-HLS products feature a 4,900 m overlap in every direction, aligning with the MGRS
100,000-m square tiling system, thus preventing gaps between neighboring DIST-S1 prod-
uct tiles. Additionally, DIST-S1 tiles are aligned with projected map coordinates consistent
with MGRS [2].

3.4 Spatial Organization and Grid Alginment

Salient features of the output grid for the DIST-S1 product are as follows:






























