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Executive Summary

This document describes the processes involved in generating per-scene and
overlapping scene statistics for the Land Product Characterization System (LPCS),
developed in collaboration between the U.S. Geological Survey (USGS) and the
National Oceanic and Atmospheric Administration (NOAA).

Please note that this document describes statistics generated from subsets of
brightness values (BVs) extracted from Landsat 4, 5, 7, and 8 Collection 1 scenes, as
well as select* Moderate Resolution Imaging Spectroradiometer (MODIS) MOD/MYDO09
and MOD/MYD13 scenes. Instructions for ordering these products are found in the
ESPA On Demand Interface User Guide.

* Select data products include MODIS Aqua (MYD) and Terra (MOD) 09A1, 09GA,
09GQ, 09Q1, 13Q1, 13A1, 13A2, and 13A3. More information about MODIS products is
found at https://Ipdaac.usgs.gov/dataset discovery/modis/modis products table.

Land Product Characterization System - i - Version 2.6


https://landsat.usgs.gov/sites/default/files/documents/espa_odi_userguide.pdf
https://lpdaac.usgs.gov/dataset_discovery/modis/modis_products_table

Document History

Document Version

Publication Date

Change Description

Version 1.0

09/16/2014

Initial Draft

Version 1.1

10/14/2014

Addi tion of fithamadl i
CSV file.

Version 1.2

11/01/2014

Updated cover figure.

Version 1.3

12/23/2014

Added descriptions for Landsat 8
OLI/TIRS products. Updated cover
figure. Added additional acronym
descriptions.

Version 1.4

01/09/2015

Edits for typographical and figure
reference errors.

Version 1.5

03/06/2015

Added section for user interface
steps for LPCS interface. Added
product limitations to fiCaveats and
Constraintsosection. Updated
product guide formatting.

Version 1.6

05/27/2015

Removed Landsat 8 TIRS
processing caveat.

Version 1.7

9/29/2015

Corrected URL for MODIS data
products and Spectral Indices

Version 1.8

12/01/2015

Corrected small typos. Added
simulated GOES-R ABI, NOAA
VIIRS, and NASA VIIRS datasets
(none available for statistics
generation at this time).

Version 1.9

12/16/2015

Added caveat for maximum pixel
count per grid. Updated tables to
indicate cloud mask (CFmask)
ordering option for Landsat
productss Updated fAst alf
formatting changes (now CSV
instead of text file).

Version 2.0

05/10/2016

Switched nomenclature from
AiProduct Guideo t
better reflect gu
Added additional caveats and
constrains related to Landsat
Surface Reflectance and usability of
sample products (GOES-R ABI,
VIIRS) in LPCS. Changed
references from A
Refl ectanceodo (mor

Version 2.1

07/01/2016

Updated name and links to Landsat
8 Surface Reflectance Code
(LaSRC) product and product guide.

Land Product Characterization System

Version 2.6



Version 2.2

11/01/2016

Updated instructions on placing
orders i now go from LPCS directly
to ESPA. Fixed broken LP DAAC
ACiting Our Databo

Version 2.3

11/28/2016

Update to ACaveat
Const raintso to i ngd
gaps exist for some products.

Version 2.4

12/07/2016

Replaced links to Landsat Missions
Website.

Version 2.5

01/30/2017

Replaced any instance of GOES-R
with GOES-16.

Version 2.6

05/23/2017

Removed Landsat Pre-Collection
information and replaced with
Landsat Collection 1.

Land Product Characterization System

Version 2.6



Contents

EXECULIVE SUMIMAIY ..ottt e e e e e e e ettt e e e e e e e e eeeeaena e e e eeeeeeennnes I
DOCUMENT HISTOTY .ottt e e e e et et e e e e e e e e e eeesan e e e e eeeeeennees ii
@0 ] ] 1= 0 1 P 4
LIST OF FIQUIES oot e e e e e e e et e et e e e e e e e e e e eeaeba e e eeeeeeeennnes 4
TS ) B 1= o ] 1= PPN 4
SeCtioNn 1 INtrOAUCTION c.uuin e e e e e e e eees 5
Section 2 Caveats and CONSIIaINTS ....cocvvuiuiiiiie e 6
SecCtion 3 ProdUCt OPLIONS .....uuiieiiiiiiiiiiiiiieiiiitiiiiieeebi bbb nnannee 9
SeCtioNn 4  LPCS INterfaCe ...oovviiiiiiie e e 10
SecCtion 5  OULPUL FOIMALS ....uuuiiiiiiiiiiiiiiiiiiiiiiiii e 17
51 ASt at sO. . F0ld B 17
5.2 StatiStiCS ArChiVe FilE ....... e 17
o S 1] £ 3PN 18
SECHION 6 USEI SEIVICES ...cieeeiiiiiii e eeeeee ettt e e e e e e e e e e e e e 20
Section 7 Citation INfOrmation ... e 21
Appendi x A Landsat @AStatso Di.r.ect.or.y..E220 e Cha
Appendix B Statistics Archive File CharacteristiCs ..........cceeeeiiiieiiiiiiiiiiiiii e, 23
P o] o= g Lo LD QO o] o] 0 1Y/ 4 1= SRR 24

List of Figures

o LU = PSRRI 6
FIQUIE 2-2 ettt 7
FIQUIE 4= oottt e e e et e e e e e e e e et e e et e e e e e e e e e ee et e aaeaaeaaaana 10
FIQUIE 4-2 oottt 11
I QUIE d-3 ittt e oo e et e e e e e e e e e e et e e e e e e e e e et aaeaaeaaaana 12
FIQUIE 4-A oottt 13
I QUEE 4D ettt e et e e e e e e e et e e e e e e e e e et e e aaaeaaaana 14
FIQUIE 4-6 .ottt 15
I QUEE -7 ettt e e e et e e e e e e e e e et e e e e e e e e e e et aaeaaeaaaana 15
FIQUIE 4-8 ...ttt 16
o LU =T PP USRPPPPPPPIN 18
FIQUIE 5-2 ittt 19
o U L =TT PP 19

List of Tables

A 2= e e ——— 8
1= 1 o] LS TRC o F TR 9
L1101 LIS T AT RPN 17

Land Product Characterization System 4 Version 2.6



Section 1 Introduction

The long-term acquisition and subsequent archiving of remotely sensed imagery
continuously provides an ever-growing record for land surface change. The Land
Product Characterization System (LPCS) allows for the generation of statistics from one
or more pixels from spatially overlapping Landsat 4-5 Thematic Mapper (TM), Landsat 7
Enhanced Thematic Mapper Plus (ETM+), Landsat 8 Operational Land Imager/Thermal
Infrared Sensor (OLI/TIRS) Collection 1 scenes, and select Moderate Resolution
Imaging Spectroradiometer (MODIS) Terra and Aqua Surface Reflectance
(MOD/MYDO09) and Vegetation Indices (MOD/MYD13). The minimum, maximum, mean,
and standard deviation are calculated from within a user-defined bounding box.
Statistical results are provided in two different directories:

1) As a fAstatso f ol dproductidertiflerd §Produat¢Di .tarugn arapivee
containing text files for each band.
2) As a separate .tar.gzsaathsvecspamaffwkt hWih
two file types exist:
a. Plots of individual bands and plots of each band across different sensors (if
applicable).
b. Comma-Separated Value (.csv) files corresponding to each plot.

Each output type is explained in detail in Section 5 Output Formats.
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Section 2 Caveats and Constraints

1) Only Landsat 4-8 Collection 1, MODIS MOD/MYDQ09 and MOD/MYD13 data
products can be processed and have statistics generated through the ESPA
system.

2) The sample datasets available through LPCS i Simulated GOES-16 ABI NDVI,
NASA VIIRS NDVI, and NOAA VIIRS NDVI can be downloaded, but cannot be
processed and/or have statistics generated via ESPA at this time.

3) Statistical analysis is performed only on areas occurring within the user-defined
mask. Examples of how statistical areas are selected are shown in Figure 2-1
and Figure 2-2.

Landsat scene

i MODIS scene B il MODIS scene
A Landsat statistical area B
IJZZZ] MODIS statistical area

Figure 2-1 A) Base image comparison of a Landsat scene (red) within a Moderate

Resolution Imaging Spectroradiometer (MODIS) scene (green). B) Statistical areas
generated through Land Product Characterization System (LPCS) include overlap
between the Landsat scene (red stripes) and the MODIS scene (green stripes).
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Figure 2-2 A) Base image comparison of a Landsat scene (red) within a Moderate
Resolution Imaging Spectroradiometer (MODIS) scene (green). B) User-defined area for
statistical analysis added (purple). C) Statistical areas generated within user-defined
boundary (purple) for the Landsat scene (red stripes) and the MODIS scene (green
stripes).

4) Alignment of statistical zones between MODIS (natively Sinusoidal) and Landsat
(natively Universal Transverse Mercator (UTM)) requires that both products be
projected to a common grid.

55  There are no constraints on generating sta
customization options. All output formats, projections, image extents, and pixel
resizing are compatible with statistical generation.

6) Due to system limitations, image extents in ESPA cannot exceed 200 million
pixels per band.

7) Specific pixel types will not be included in the statistical calculation:

a) Areas masked as NoData (e.g., scene edges, Scan Line Corrector (SLC)-off
data gaps).

b) Areas of the scene not included within the study area mask (i.e., user-defined
area), if specified.

c) Pixels beyond the valid range of data. Valid ranges are described in Table
2-1.

8) The Landsat 4-7 Surface Reflectance algorithm (LEDAPS) is different from the
Landsat 8 Surface Reflectance Code (LaSRC) algorithm. Additional caveats and
constraints for each dataset are described in the Landsat 4-7 SR Product Guide
and the Landsat 8 Surface Reflectance Code (LaSRC) Product Guide.
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https://landsat.usgs.gov/sites/default/files/documents/ledaps_product_guide.pdf
https://landsat.usgs.gov/sites/default/files/documents/lasrc_product_guide.pdf

9) Some Landsat acquisitions cannot be processed to Surface Reflectance due to
anomalies such as missing thermal or missing ancillary data. A full list of data
gapsare | isted under ACaveats and Constraint
https://landsat.usgs.gov/landsat-surface-reflectance-high-level-data-products.

Table 2-1 Valid ranges by date type.

SR Surface Reflectance, TOA Top of Atmosphere, Sl Spectral Indices, BT Brightness Temperature

Data Product Valid Range Scale Factor Plot Display Range
Surface Reflectance (SR) 01 10000 0.0001 0.071 1.0
Top of Atmosphere Reflectance (TOA) 01 10000 0.0001 0.07 1.0
Spectral Indices (SIs) -100007 10000 0.0001 0.07 1.0
Brightness Temperature (BT) 071 10000 0.1 0.07 1.0
Emissivity 171 255 1.0 0.07 1.0

More information about the Landsat data products and their valid ranges can be
found in the Landsat 4-7 Surface Reflectance Product Guide, the Landsat 8 Surface
Reflectance Code (LaSRC) Product Guide, and the Surface Reflectance-Derived
Spectral Indices (SI) Product Guide. MODIS data product information can be found
in the LP_ DAAC MODIS Data Products Table.
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Section 3 Product Options

Through the ESPA On Demand Interface, statistics can be generated by selecting the

APl ot Output Product Statisticso button under
More information about the product ordering procedure is in Section 4 LPCS Interface.
The full list of available products is shown in Table 3-1. The possible output ranges, or
valid ranges, are described in Table 2-1. The user-defined bounding box extent
determines the area of statistical analysis. Data within the bounding box will have
statistics calculated; if no bounding box is specified, statistics will be calculated for the
entire scene, regardless of overlap. Please refer to Section 2 Caveats and
Constraints regarding extent parameters.
Table 3-1 Available products for statistics generation.
SR Surface Reflectance, TOA Top of Atmosphere, BT Brightness Temperature, NDVI Normalized Difference
Vegetation Index, NDMI Normalized Difference Moisture Index, NBR Normalized Burn Ratio, NBR2 Normalized Burn
Ratio 2, SAVI Soil Adjusted Vegetation Index, MSAVI Modified Soil Adjusted Vegetation Index, EVI Enhanced
Vegetation Index, TM Thematic Mapper, ETM+ Enhanced Thematic Mapper Plus, OLI Operational Land Imager,
TIRS Thermal Infrared Sensor, MOD MODIS Terra, MYD MODIS Aqua, 09A1 Surface Reflectance 8-Day L3 Global
500m, 09GA Surface Reflectance Daily L2G Global 1 km and 500m, 09GQ Surface Reflectance Daily L2G Global
250m, 09Q1 Surface Reflectance 8-Day L3 Global 250m, 13Q1 Vegetation Indices 16-Day L3 Global 250m, 13A1
Vegetation Indices 16-Day L3 Global 500m, 13A2 Vegetation Indices 16-Day L3 Global 1km, 13A3 Vegetation
Indices Monthly L3 Global 1km
Landsat Collection 1 MODIS Terra (MOD) and Aqua (MYD)
Landsat | Landsat | Landsat 8
Product 4/5 ™ 7ETM+ | OLITIRS 09A1 | 09GA | 09GQ | 09Q1 | 13Q1 | 13A1 | 13A2 | 13A3
Surface
Reflectance X X X X* X** X** X**
(SR)
Top of
Atmosphere X X X
(TOA)
Brightness
Temperature X X X
(BT
CFmask X X X
NDVI X X X X X X X
NDMI X X X
NBR X X X
NBR2 X X X
SAVI X X X
MSAVI X X X
EVI X X X X X X X
* MODIS surface reflectance bands 1 through 7.
* MODIS surface reflectance bands 1 and 2.
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Section 4 LPCS Interface

The LPCS interface (https://Ipcsexplorer.cr.usgs.gov/) allows users to query and
generate Landsat and MODIS ProductIDs for statistical characterization. The LPCS
interface is based upon the USGS EarthExplorer interface:
https://earthexplorer.usgs.gov/.

An expanded explanation of the advanced EarthExplorer serach features are found at:
https://Ita.cr.usgs.gov/ee_tutorial_search_criteria.

Below is an example of how to place a simple order through the LPCS interface.

USGS Home
Contact USGS
Search USGS

Page Expires In1:59:03 C

Home 2 New System Messages Login Register L5 Feedback Help

| DataSes Search Criteria Summary (Show) Clear Criteria

1. Enter Search Criteria

To narrow your search area: type in an address or
place name, enter coordinates or click the map to
define your search area (for advanced map tools, view
the help documentation), and/or choose a date range.

[RddressiPiace | Path/Row | Feature ||

Clear |

Decimal | ‘

© No coordinates selected. ‘
[ use Map | [ Add Coordinate | | clear Coordinates | |

"Date Range || Result Options

Search from: |01/01/1920 = to: |02/04/2015 = |

Search months: (all) -

Data Sets » | | Adc

Accessibility Privacy Policies and Notices Google Maps API Disclaimer

Figure 4-1 LPCS interface (https://lpcsexplorer.cr.usgs.gov/) home page. Sel ect
from the top-right corner, and use USGS Registration credentials to login.
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https://lta.cr.usgs.gov/ee_tutorial_search_criteria
https://lpcsexplorer.cr.usgs.gov/

fia || DataSets | Additional Criteria | Results |

1. Enter Search Criteria

To narrow your search area: type in an address or
place name, enter coordinates or click the map to
define your search area (for advanced map tools, view
the help documentation), and/or choose a date range.

Address/Place |M\ Feature ” Circle ’
m Polygon |

Type:|WRS2 v| Path:[27 | Row:[33 |

"Coordinates || Predefined Area || = aneie
Ty oo |

@ No coordinates selected.

MI Result Options ’

Search from: i01/01l1920

KML !

[ to: o2042015 =

Search months: (all) v

Figure 4-2 LPCS interface (https://Ipcsexplorer.cr.usgs.qov/) Search Criteria tab. Regions
of interest can be selected by address or place, WRS Path/Row, feature, circle,
coordinates, or a predefined area. The date(s) of interest can be filtered from beginning
(Afromd) to the end (Atood).
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2. Select Your Data Set(s)

Check the boxes for the data sef(s) you want to search.
When done selecting data set(s), click the Additional
Criteria or Results buttons below. Click the plus sign
next to the category name to show a list of data sets.

Use Data Set Prefilter panats This?)

Data Set Search:

| % GOES-16
=l Landsat Archive |
=l Collection 1 Higher-Level 1.
@ [ L8 OLITIRS C1 Higher-Level
@ [& L7 ETM+ C1 Higher-Level
@ & L4-5 TM C1 Higher-Level

#NASA LPDAAC Collections (MODIS)
+VIIRS

Figure 4-3 LPCS interface (https://Ipcsexplorer.cr.usgs.gov/) Data Sets tab. Available
products are Landsat 4-8 Collection 1 Surface Reflectance, MODIS Surface
Reflectance/Vegetation Indices, Simulated GOES-16 ABI NDVI, NOAA VIIRS NDVI, and/or
NASA VIIRS NDVI. Note that the latter three datasets can be downloaded, but not
processed through the ESPA system at this time.
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Search Criteria VDatAa Sets Atidiilo_rmTEth;;' ARésurts |

3. Additional Criteria (Optional)

If you have more than one data set selected, use the
dropdown to select the additional criteria for each data
sefs.

Data Sets:
L8 OLITIRS C1 Higher-Level v |

L8 OLI/TIRS C1 Higher-Level
Landsat Product Identifier

WRS Path
o ' to|

WRS Row
|to

Land Cloud Cover
All *
Lessthan 10%
Less than 20%
Less than 30%
Lessthan40% ~

Scene Cloud Cover
Al I .
|Less than 10%

|Less than 20%

Less than 30%
(Lessthan 40% ~

| Collection Category x

e 2

Figure 4-4 LPCS interface (https://lpcsexplorer.cr.usgs.gov/) Additional Criteria tab.
Landsat products can be filtered by the following criteria: individual Landsat Product
Identifier (Product ID), WRS Path range, WRS Row range, Sensor ID, Data Type Level 1,
Data Type LORP, Cloud Cover, and Day/Night scenes. MODIS products can be filtered by
the following criteria (not shown): Entity ID, Horizontal Tile range, Vertical Tile range, and
Day/Night scenes.
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| Search Criteria || Data Sets || Additional Criteriz || Results |

4. Search Results

If you selected more than one data set to search. use
the dfOdeWﬂ to see the search resulis for each speciﬁc
data set.

Note: You must be logged in to downioad and order
scenes

Show Result Controls

Data Set
'L8 OLI/TIRS C1 Higher-Level v |

ID:LCO8_L1GT_028030_20150828_20170225_01_T2
Acquisition Date:28-AUG-15

Path:23

Row:30

Ydd 770

ID:LCO8_L1TP_027030_20150821_20170225_01_T1
Acquisition Date:21-AUG-15

Path:27

Row:30

Pdd 770

ID:LCO8_L1TP_027031_20150821_20170225_01_T1
Acquisition Date:21-AUG-15

Path:27

Row:21

Ydd /70|

ID:LCO8_L1TP_028030_20150812_20170226_01_T1
Acquisition Date:12-AUG-15

Path:28

Row:30

Ydd 790

« First ¢ Previous [1 ¥ | Nexts Last»

Figure 4-5 LPCS interface (https://Ipcsexplorer.cr.usgs.gov/) Results tab. Products can

be added to the Item Basket by clicking on the Cart icon.
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To complete your order click on the "Select Processing Options” button at the
bottom of the page. You will be taken to the ESPA website to complete your order.

Order Clear All

(~ L8 OLUTIRS C1 Higher-Level (3) |

[ v L7 ETM+ C1 Higher-Level (1) |

l Clear Item Basket | | Select Processing Options '

Figure 4-6 LPCS interface (https://Ipcsexplorer.cr.usgs.qov/) |t em B a sSklect .
Processing Optionsd 0 p pdsses selected Product IDs for both Landsat and MODIS
products to the Earth Resources Observation and Science (EROS) Center Science
Processing Architecture (ESPA) Interface (https://espa.cr.usgs.gov/).

Figure 4-7 Earth Resources Observation and Science (EROS) Center Science Processing
Architecture (ESPA) Interface (https://espa.cr.usgs.gov/) LPCS Select Processing
Options option. LPCS automatically passes the Product IDs from LPCSExplorer to ESPA
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