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[bookmark: _Toc337818740]Introduction
Landsat satellite data have been produced, archived, and distributed by the U.S. Geological Survey (USGS) since 1972.  Scientists and users rely on these data for historical study of land surface change, but shoulder the burden of post-production processing to create applications-ready data sets.  In compliance with guidelines established through the Global Climate Observing System (GCOS), USGS has embarked on production of higher-level Landsat data products to support land surface change study.  Terrestrial variables such as surface reflectance and land surface temperature will be offered as Climate Data Records (CDR).  Leaf area index, burned area extent, snow covered area, and surface water extent will represent Essential Climate Variables (ECV).  These CDRs and ECVs will offer a framework for producing long-term Landsat data sets suited for monitoring, characterizing and understanding land surface change over time.  

The Global Land Survey (GLS) collections are established representatives of the historical Landsat archive.  The 2010, 2005, and 2000 GLS collections will be used as initial input to the CDRs and ECVs.  Access to these collections is provided through a visually based discovery and retrieval user interface called the USGS Earth Observations Resources and Science Center (EROS) Science Processing Architecture (ESPA) GLS Visualization Interface (VI).  The Java-enriched features of GLS VI employ a Geoserver Open Geospatial Consortium (OGC) engine to give users an uncomplicated and intuitive geospatial navigational experience.  On-line browse display, one-click data download, and metadata viewing are available to scientists and users at http://espa.cr.usgs.gov/ui.  
[bookmark: _Toc337818741]Key Features
Key features of GLS VI include:
· intuitive Graphical User Interface (GUI) 
· fast, geospatial search engine 
· navigational map viewer for selection and display of browse overlays 
· automatic population of scene availability based on area of interest
· collapsible overlay and scene display selection menus
· easy-to-use product drop-down selection menu
· 'one-click' design to access:
· individual scene downloads
· Landsat metadata for scenes available in viewing area
· Web Mapping Service (WMS) and Web Coverage Service (WCS) access 

[bookmark: _Toc337818742]Software/Browser Requirements
The following are the hardware and software requirements for using GLS VI:

· Hardware Requirements:
· 1 Gigahertz (GHz) or better recommended 
· minimum of 1 Gigabyte (GB) Random Access Memory (RAM) - 4 GB recommended 
· display capable of 800 x 600 with 256 colors and 32 Megabytes (MB) of video RAM 
· mouse
· keyboard 
· Network Requirements: 
· broadband connection 10 megabit per second (Mbps) 
· Software Requirements:
· Operating System: 
· Windows XP, Windows Vista, Windows 7, Windows Server 2000, Windows Server 2003, Windows Server 2008 
· Mac OS X 
· Unix 
· Linux 
· Solaris 
· Browsers supported (with Javascript enabled): 
· Internet Explorer (7.x, 8.x, 9.x) 
· Firefox (3.5 or higher) 
· Chrome (10.x or higher) 
· Opera (10.x) 
· Safari (5.x) 
 
[bookmark: _Toc337818743]Data Packages
GLS VI currently accesses the Landsat Surface Reflectance CDR.  It is delivered as a compressed file package and includes several data layers in Hierarchical Data Format for Earth Observing System (HDF-EOS).  The contents of typical file packages from Landsat-7 and Landsat-5 inputs are described below for reference.
[bookmark: _Toc337818744]Landsat 7 

LE71450312004238MOR01-sr.tar.gz
LE7	Landsat-7 Enhanced Thematic Mapper Plus
145	Path 145
031	Row 31
2004	Year of Acquisition
238	Julian Date of Acquisition (August 25)
MOR	Received at the Moscow, Russia International Ground Station	
01	Version
-sr	Surface Reflectance
tar	Tar-based file compression
gz	g-zip file compression

Unzip to: LE71450312004238PFS01-sr.tar
Unzip to: LE71450312004238PFS01-sr
Unzip to:  LE71450312004238PFS01
The unzipped directory will contain the HDF data files and text files produced to support surface reflectance. An example of the final directory content (below) for surface reflectance derived from Landsat-7 shows nine files, and three additional directories.

<DIR>			gap_mask
<DIR>			ndvi
<DIR>			solr
7,680			cloud_mask.log
1,261			LogReport
933			L71145031_03120040825.carbon_met.txt
728,758,018		lndcal.L71145031_03120040825.hdf
332			lndcal.L71145031_03120040825.hdf.hdr
231			lndcal.L71145031_03120040825.txt
1,009,166,745	lndsr.L71145031_03120040825.hdf
332			lndsr.L71145031_03120040825.hdf.hdr
423			lndsr.L71145031_03120040825.txt

The files of primary interest have names starting with “lndsr” and deliver surface reflectance data.  The “lndsr.*.hdf” includes reflectance data layers for Landsat bands 1, 2, 3, 4, 5, and 7, band 6 temperature, atmospheric optical thickness, and quality assurance.  The “lndsr.*.hdr” contains ENVI header information, and the “lndsr.*.txt” is a small file with production input information.

Likewise, users may be more interested in the “ndvi” directory than in the “gap_mask” or “solr” folders.  A single file is contained in “ndvi,” that being a normalized difference vegetation index (NDVI) image derived from the associated surface reflectance data.  The NDVI is delivered in georeferenced tagged image file format (GeoTIFF).

The “gap_mask” directory holds nine zipped files, each representing Scan Line Corrector gap information for the Landsat 7 bands 1, 2, 3, 4, 5, 6-1, 6-2, 7, and 8.  Inside the “solr” directory is a “.csv” file where metadata information connecting the scene to the GLS VI is stored.

All files appended with “lndcal” are related to top of atmosphere (TOA) reflectance.  The “lndcal.*.hdf” contains TOA reflectance and quality information for Landsat bands 1, 2, 3, 4, 5, and 7.  The associated “hdr” and “txt” files include the same kind of information as in the surface reflectance package, but specific to TOA processing.

The “cloud_mask.log” and “*carbon_met.txt” files are carried forward from the original scene from which surface reflectance was derived.  The “LogReport” is a production check to ensure all metadata information was properly identified and included in processing.
[bookmark: _Toc337818745]Landsat 5 

LT51480302007211IKR00-sr.tar.gz
LT5	Landsat-5 Thematic Mapper
148	Path 148
03	Row 30
2007	Year of Acquisition
211	Julian Date of Acquisition (August 25)
IKR	Received at the Irkutsk, Russia International Ground Station
00	Version
-sr	Surface Reflectance
tar	Tar-based file compression
gz	g-zip file compression

Unzip to: LT51480302007211IKR00-sr.tar
Unzip to: LT51480302007211IKR00-sr
Unzip to:  LT51480302007211IKR00
The unzipped directory will contain the HDF data files and text files produced to support surface reflectance. An example of the final directory content (below) for surface reflectance derived from Landsat-5 shows nine files, but only one additional directory.  All share the same characteristics described above for Landsat-7.

<DIR>			ndvi
7,680			cloud_mask.log
924			L5148030_03020070730.carbon_met.txt
810,489,404		lndcal.L5148030_03020070730.hdf
332			lndcal.L5148030_03020070730.hdf.hdr
380			lndcal.L5148030_03020070730.txt
1,122,333,275	lndsr.L5148030_03020070730.hdf
332			lndsr.L5148030_03020070730.hdf.hdr
419			lndsr.L5148030_03020070730.txt
1,252			LogReport

		


[bookmark: _Toc337818746]User Interface
[bookmark: _Toc3554516][bookmark: _Toc3557810][bookmark: _Ref24865771][bookmark: _Toc31595918]The GLS VI facilitates access to Landsat high-level products through visual discovery.  It is composed of the following key elements:
· Standard USGS header/footer
· Navigational view pane
· Scene results pane

[bookmark: _Toc337818747]Header/Footer Elements
The GLS VI is compliant with the USGS Visual Identity System and Section 508 guidelines.

[bookmark: _Toc337818748]Header
A USGS banner is present at the top of all GLS VI Web pages (Figure 1).  It includes the elements described below.
· USGS logo which is linked to the main USGS Web site at http://www.usgs.gov/.
· “USGS Home” will likewise direct users to the central USGS Web site at http://www.usgs.gov/.
· “Contact USGS” provides a venue for user communication with the USGS through http://www.usgs.gov/ask/index.php.
· “Search USGS” links to the USGS search tool at http://search.usgs.gov/. 
· A standard title bar describing the Web site is placed below the USGS banner; in this case, “ESPA GLS Visualization Interface.”
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[bookmark: _Ref335721834][bookmark: _Toc337818758]Figure 1 GLS VI Header

[bookmark: _Toc337818749]Footer
The bottom of every GLS VI Web page provides standard site and policy information linked either from the footer menu or the appended text (Figure 2).

Footer Menu
· “Accessibility” links to the USGS Accessibility Policy (Section 508) at http://www.usgs.gov/laws/accessibility.html, which ensures that all electronic and information technology developed, procured, maintained, or used by the USGS is accessible to people with disabilities.
· “FOIA” links to the USGS Freedom of Information Act (FOIA) Electronic Reading Room at http://www.usgs.gov/foia/.  FOIA requests for copies of USGS records can be made by any individual or public/private organization other than a Federal agency.
· “Privacy” links to the USGS Privacy Policies at http://www.usgs.gov/laws/privacy.html.  This information identifies USGS and the Department of Interior (DOI) policies for protecting user privacy.
· “Policies and Notices” links to the USGS Policies and Important Notices Web site at http://www.usgs.gov/laws/policies_notices.html which provides the most recent information governing USGS Web content.

Footer Text
· Link to U.S. Department of the Interior at http://www.doi.gov/index.cfm.
· Link to USGS at http://www.usgs.gov/.
· “URL” verifies the GLS VI universal resource locator (URL), or Web address, is http://espa.cr.usgs.gov/ui.
· “Page Contact Information” provides an electronic mail address (custserv@usgs.gov) that can be used to contact customer services regarding GLS VI or its products.
· “Page Last Modified” indicates the date and time of the most recent client release.
· The “USA.gov” logo in the bottom right corner links to the U.S. Government’s official Web portal at http://www.usa.gov/.
· The “Take Pride in America” logo directs users to http://www.takepride.gov/index.html for information on the appreciation and stewardship of the nation’s public lands.
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[bookmark: _Ref335722382][bookmark: _Toc337818759]Figure 2 GLS VI Footer


[bookmark: _Toc337818750]Body
The body of the GLS VI is presented in two adjacent display panes.  On the right is an image map used to visually navigate to areas of interest (“view pane”).  On the left is the “results pane” which displays information on the Landsat scenes associated with selections in the view pane.

[image: ]
[bookmark: _Toc337818760]Figure 3 Visualization Interface layout

[bookmark: _Toc337818751]View Pane
Access to high-level GLS products is offered through a browse-based navigational display.  Users can move around and into the display to locate an area of interest.  This visual selection then drives queries for the associated scenes.  The simple and familiar features of the view pane are described below, organized by these primary elements: navigational map, pan and zoom control, cursor coordinates, and map layers.  All figures are presented in Appendix A.

Navigational Map
The default image map (Figure 12) displays the North American section of National Aeronautics and Space Administration’s (NASA) global “Blue Marble” image (R. Stockli, Goddard Space Flight Center, http://visibleearth.nasa.gov/view.php?id=57723). 

Pan and Zoom Control
Interaction with the view pane map is through physical mouse commands or by utilizing the on-screen navigation control features (Figure 13).  The on-screen navigation control includes 16 zoom levels, directional pan, and a global restore feature.

Mouse Command
· Pan: Click and hold the left button anywhere on the map to ‘grab’ the map and move north, south, east, or west.
· Zoom in: Roll the scroll wheel up
· Zoom out: Roll the scroll wheel down

On-Screen (Figure 13)
· Pan: Click any arrow (1) on the compass at the top of the control to move the display in that direction.
· Zoom in: 
· Click the “+” at the top of the zoom bar (2) to zoom in to the display incrementally.  
· Click anywhere on the zoom bar above the dash in the middle of the bar (3) to narrow the view to that level.
· Click and hold the dash in the middle of the bar (4) and drag it to the desired level on the zoom bar.
· Zoom out: 
· Click the “-” at the bottom of the zoom bar (5) to zoom out of the display incrementally.  
· Click anywhere on the zoom bar below the dash in the middle of the bar (6) to widen the view to that level.
· Click and hold the dash in the middle of the bar (4) and drag it to the desired level on the zoom bar.
· Restore:  Return to the global view by clicking on the gridded sphere in the center of the compass at the top of the control.

Cursor Coordinates
As soon as the cursor moves over the view pane, the latitude and longitude coordinates are displayed in the upper right corner of the pane in decimal degrees (Figure 14).  The values will change dynamically with the cursor location, regardless of zoom level.

Map Layers
In the upper right corner of the view pane below the cursor coordinates is a white plus sign in a blue tab.  Clicking on the “+” will reveal the map layers available for display.  The default selections will indicate the Blue Marble as the base layer, with no additional overlays displayed (Figure 15).  The other overlay options are described below.

· “None” may be selected to remove the Blue Marble background from the view pane. This is useful to isolate the display of browse images over the area of interest (Figure 16).

· “Political Boundaries” can be drawn over the base layer to indicate country-level delineations (Figure 17).

· “State/Province” selection will display these boundaries in the area of interest for any area of the globe, although only after zooming in from the global view (Figure 18).

· “Land Region” will overlay text identifying various geographic regions within a country, e.g., Appalachian Mountains, or Amazon Basin (Figure 19).

· “World Cities” may be selected to display city names and will populate smaller cities and towns depending on the zoom level (Figure 20). 

· “Ocean” will likewise display labels at various levels of detail over open water depending on how far the view is zoomed (Figure 21).

· “River” selection places river boundaries and names in the view pane (Figure 22).

· “WRS-2” overlays the Worldwide Reference System–2 grid on the display, but does not indicate path or row numbers (Figure 23).

The map layers selection menu collapses by clicking on the minus sign (“-“) in the upper right corner of the blue box.

[bookmark: _Toc337818752]Results Pane
The collections in the GLS VI include Landsat scenes from all over the globe.  As users pan and zoom into an area of interest on the view pane, the scenes covering the displayed region are added to a “Search Results” list in results pane on the left side of the interface.  The features and functionality available in the results pane are described below.

Data Set Menu
The results pane is topped by a “Data Set” menu that allows selection of a specific GLS collection.  Clicking the arrow on the right side of the drop-down window will reveal which collections are currently available through the GLS VI (Figure 4).  The data set can be changed at any time during a discovery session.
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[bookmark: _Ref335997695][bookmark: _Toc337818761]Figure 4 Data Set Menu

Message Board
The status of query results is displayed as a message beneath the Data Set menu.  As outlined in the blue in Figure 5, the most common message indicates how many scenes cover the area of interest selected in the view pane.  During active searches, the message will change to say, “Searching. Please wait.”
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[bookmark: _Ref335921637][bookmark: _Toc337818762]Figure 5 Message board

Search Results
The number of scenes available over an area of interest will increase or decrease as the view zoom level changes.  Generally scenes will not be populated in the results pane below zoom level 6.

[image: ]
[bookmark: _Toc337818763]Figure 6 Search results
The list title, “Search Results,” can be used to collapse or expand the results list.  When all scenes are displayed, a minus sign (“-“) is positioned to the left of the title.  After clicking on the title, a plus sign “+” will take its place to indicate the menu can be expanded to display all scene names (Figure 7).

[image: ]
[bookmark: _Ref336240501][bookmark: _Toc337818764]Figure 7 Scene list menu collapse
To the right of the title is a button labeled “Select All.”  This is NOT a download function.  This is used to request display of all scenes on the list in the view pane.  A checkmark will appear in all boxes preceding the scene names, and the browse for each scene will be placed over the area of interest.  After “Select All” is clicked, and the scene names have been checked, the button will switch to “Deselect All” (Figure 8).  Clicking again will remove the browse images from the view pane and the checkmarks from the scene list.

[image: ]
[bookmark: _Ref336254175][bookmark: _Toc337818765]Figure 8 Scene list selection button
The scene list is comprised of 6 columns.  From left to right, these are: selection box, download icon, scene identification, path and row, acquisition date, and metadata icon.  If there are only a few scenes of interest, the selection boxes next to the scene names can be clicked to display the browse images for just those scenes.  In Figure 9 below, only the two scenes selected in the results pane are placed over the Blue Marble background image in the view pane (darker area).

[image: ]
[bookmark: _Ref336242000][bookmark: _Toc337818766]Figure 9  Selected scene display
The download icon (a file folder with a downward facing green arrow) can be clicked at any time to initiate storing a scene in a local directory.  A dialogue will pop up that includes options to “Find” a program online to open the scene directly, to “Save” the file, and to “Cancel” the operation (Figure 10).  The surface reflectance data for these scenes are delivered in a compressed format, so the “Find” option should be ignored.  Clicking “Save” will open the standard operating system “Save As” dialogue to choose a location in which to save the file.

[image: ]
[bookmark: _Ref336254211][bookmark: _Toc337818767]Figure 10 Download dialogue box
The column titled “SceneID” is a listing of the original Landsat scenes from which surface reflectance has been produced.  The Landsat file naming convention indicates the sensor, WRS-2 grid location, acquisition date, and receiving ground station, following the scheme described in the “Data Packages” section of the Introduction.

Clicking on a scene name will display the browse image within a highlighted bounding box on the view pane, and indicate the selection with a checkmark in the results pane.  Additional browse images can be added to the display by clicking additional scene names, and the highlight box will follow the most recently added scene.  To remove any scene from the display, click its name again in the results pane, or click the browse in the view pane.

The “Path, Row” column simply calls out the WRS-2 grid location in the scene name.
“Acq. Date” represents the date of acquisition for the original scene data, and translates the Julian information in the scene name into a calendar date for easy reference.

The last column in the “Search Results” list displays a blue circle holding a white, lower case “i.”  Clicking this icon will pop up a window containing basic scene information, such as: acquisition date, sensor, path, row, upper left corner coordinates, lower right corner coordinates, center coordinates, sun elevation, sun azimuth, ground station, and collection name (Figure 11).  There is a “Close” button at the bottom of the window to clear the metadata from the screen.

[image: ]
[bookmark: _Ref336243458][bookmark: _Toc337818768]Figure 11 Metadata display

[bookmark: _Toc337818753]Using the Interface
Using the features identified in previous sections, following is a sequential example of how to discover, select, and download Landsat surface reflectance products through the GLS VI.

1. Open an Internet browser.
2. Go to http://espa.cr.usgs.gov/ui/.
3. Click and hold the left mouse button to drag the display screen to the right until China is visible.
4. Click on the plus sign in the upper right corner of the view pane to expand the Map Layers menu.
5. Select “Political Boundaries.”
6. Centering the display on the large barren area in Western China, zoom in one level by rolling the scroll wheel on the mouse up one click.
7. Return to the Map Layers menu and select “Land Region.”
8. Zoom in another level using the mouse scroll wheel over the Taklimakan Desert until less than 50 scenes are displayed in the view pane (observe the “Displayed Scenes” message at the top of the results pane).
9. Click “River” on the Map Layers menu and note the location of the Tarim River along the north edge of the Taklimakan Desert.
10. Use the drop down “Data Set” menu to search the GLS 2005 collection rather than the default GLS 2010.
11. Focusing on the boundary created by the Tarim River, zoom in further to reduce the number of scenes available below ten.
12. Click each scene name in the results pane to determine which most closely overlay the vegetated areas between the river and the mountains to the north.
13. Add or remove scenes as necessary to isolate the four positioned between Paths 145-146 and Rows 31-32.
14. Click the download icon for each of the selected scenes to save their associated surface reflectance file packages.




[bookmark: _Toc337818754]    Known Issues
The GLS VI is intended to provide easy access to a community of users who can evaluate and provide feedback on the CDR/ECV collections.  Nominal functions are incorporated with the design of the interface, and some features have been deployed with known issues.  If users encounter any further difficulties, please contact User Services and provide relevant information for further development consideration.

1. Political boundaries are not drawn by default.
2. There are no Path/Row numbers on the WRS-2 grid overlay.
3. Browse images cannot be displayed by checking the selection box when using Internet Explorer.
4. Scenes must be downloaded individually instead of in bulk.


[bookmark: _Toc337818755]    User Services
The Landsat CDRs, ECVs, and associated interfaces are supported by User Services staff at USGS EROS.  Any questions, comments, or interface problems are welcomed through the Landsat “Contact Us” on-line correspondence form.  Please indicate “Surface Reflectance Data/LAI Request” as the topic of regard.  Electronic mail can also be sent to the customer service address included below, with the same indication of topic.

USGS User Services
http://landsat.usgs.gov/contactus.php
custserv@usgs.gov

User support is available from 7:00 – 4:00 Central Time.  Inquiries received outside of these hours will be addressed during the next business day.

[bookmark: _Toc337818756]Appendix A View Pane Figures
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[bookmark: _Ref335723544][bookmark: _Toc337818769]Figure 12  Global Blue Marble Display
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[bookmark: _Ref335723684][bookmark: _Ref335832412][bookmark: _Toc337818770]Figure 13 OpenLayers Navigation Control
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[bookmark: _Ref335832899][bookmark: _Toc337818771]Figure 14 Cursor Coordinates
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[bookmark: _Ref335901009][bookmark: _Toc337818772]Figure 15  Map layer menu
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[bookmark: _Ref335834304][bookmark: _Toc337818773]Figure 16 Scene display with (left) and without (right) Blue Marble Background
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[bookmark: _Ref335834349][bookmark: _Toc337818774]Figure 17 Base map with political boundaries turned on
[image: ]
[bookmark: _Ref335834652][bookmark: _Toc337818775]Figure 18 State and Provincial boundaries
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[bookmark: _Ref335834910][bookmark: _Toc337818776]Figure 19 Land region text overlay
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[bookmark: _Ref335897425][bookmark: _Toc337818777]Figure 20 World cities
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[bookmark: _Ref335897734][bookmark: _Toc337818778]Figure 21 Ocean layer
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[bookmark: _Ref335898428][bookmark: _Toc337818779]Figure 22 River layer
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[bookmark: _Ref335898968][bookmark: _Toc337818780]Figure 23 Worldwide Reference System–2 (WRS-2) grid overlay




[bookmark: _Toc337818757]Appendix B Acronyms
	Acronym
	Description

	CDR
	Climate Data Record

	DOI
	Department of the Interior

	ECV
	Essential Climate Variable

	EOS
	Earth Observing System

	EROS
	Earth Resources Observation and Science

	ESPA
	EROS Science Processing Architecture

	FOIA
	Freedom of Information Act

	GB
	Gigabyte

	GCOS
	Global Climate Observing System

	GHz
	Gigahertz

	GLS
	Global Land Survey

	GUI
	Graphical User Interface

	HDF
	Hierarchical Data Format

	MB
	Megabyte

	Mbps
	Megabit per second

	NASA
	National Aeronautics and Space Administration

	NDVI
	Normalized Difference Vegetation Index

	OGC
	Open Geospatial Consortium

	RAM
	Random Access Memory

	TOA
	Top of Atmosphere

	URL
	Universal Resource Locator

	USGS
	U.S. Geological Survey

	VI
	Visualization Interface

	WCS
	Web Coverage Service

	WMS
	Web Mapping Service

	WRS
	Worldwide Reference System
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