


Committee on Earth Observation Satellites (CEOS)

International coordination of satellite data ...
24 countries, 62 members, 163 active satellites



What is a Data Cube?

8x data
compression

8000 Landsat 1000 Data Cube

. storage units
Images over (1°x 1°x 1 year)

17 years Processed and ready!



Why do we need Data Cubes?

" Makes it easier to use satellite data by
reducing preparation time

" Makes it easier to query data in time and
space for powerful application products

" Provides free and open source software and
algorithms for the cloud or a local computer

" Allows community development, shared
capacity building and organized algorithms

® Enables efficient time series analyses and
data interoperability

® Because it works ... just ask Australia!



What is the Open Data Cube (ODC)?

ODC = Open Data Cube (www.opendatacube.org)

= Started by several “ODC Partner” organizations in Jan 2017 as an open
source data management solution with a community of contributors and users.

" The “ODC Partners” are ... GA, CSIRO, NASA-SEO, USGS, and
UK-Catapult. They meet monthly (via telecon) and have a detailed work plan.

= The “ODC Steering Council” manages the technical development and open
source code repository (https:/github.com/opendatacube)

What is CEOS doing with the Open Data Cube?

= CEOS is extending the ODC goals to demonstrate data
cubes around the world and maximize the impact of
CEQOS satellite data with a focus on developing countries

" Focused on ARD, understanding user needs,
and global capacity building



Where are the Data Cubes?
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55 countries are interested with 9 in operation and 14 coming soon!



How can we use Data Cubes?

" Cloud-free Mosaics: Recent Pixel,
Median, Geomedian, Max-NDVI

= Spectral Indices: NDVI, EVI, NDBI,
NDSI, NDWI, Fractional Cover,
Tasseled Cap

® | and Classification:
K-Means, Random Forest

= Water: WOFS (Australia),
Sentinel-1 WASARD,
Total Suspended Matter

= |Land Change: PyCCD (USGS),

PCA (Colombia), NDVI Anomaly,
Sentinel-1 Radar (Deutscher),
Coastal Change, Landslide Risk




Data Cubes are having a global impact

Switzerland is using their Data Cube to develop new snow detection
algorithms and develop time series snow coverage maps.

UK-Rhea (commercial company) is using the Data Cube to develop a
drought monitoring system for Uganda

UK-Catapult is leading the “Common Sensing Project” to monitor
climate change resilience in the Pacific Islands using a Data Cube.

Taiwan is using the Data Cube to monitor forest and vegetation
restoration in landslide areas.

Uruguay Is using the Data Cube to adjust their water sampling
approach to coincide with satellite overpasses in order to improve
water quality data in their reservoirs.

The Gates Foundation is using water extent time series data from the
Lake Chad Data Cube to strategically supply polio vaccines to small
villages that become "isolated" during the rainy season and are only
accessible for a small portion of the year.



Africa Regional Data Cube (ARDC)

® | aunched in May 2018 for 5 countries (Kenya, Tanzania, Sierra Leone,
Senegal, Ghana). Initially based on Landsat, but S1, S2 and ALOS data are
coming soon!

= Supported by CEOS (lead + technical support), Amazon (donated cloud
services) and GPSDD (training)

= Recent web-based remote training for Ghana (July), Tanzania (August+Sept),
and Sierra Leone (August). More to come ...

= |nitial support has been focused on algorithms to support desired use-cases
for each country. These include agriculture, flooding and urbanization (all
countries), deforestation and rangelands (Kenya and Tanzania), and illegal
mining (Ghana and Sierra Leone).



Water Extent

Lake Baringo in Kenya, Africa

A critical habitat and refuge for more than
500 species of birds and fauna. Water levels
have been reduced by droughts and over-
irrigation and the lake is commonly turbid
with sediment.

A 17-year time series (2000 to 2017) showing
the % time that every pixel has observed

water.



SDG 6.6.1 - Water Extent

Lake Sulunga in Tanzania

From 2014 to 2018, there is
a net loss of 3.8% of water
pixels. This is considered
an “Unmodified Natural”
change or "Class-A”.

Analysis followed the SDG 6.6.1a
indicator methodology (20 Jan 2017)
and used the Landsat WOFS water
detection algorithm.



SDG 6.3.2 - Water Quality

Lake Manyara in Tanzania
Feb 2013 to Dec 2016

Total Suspended Matter (TSM)

Maximum Variability



Coastal Change

Mombasa,
Kenya
2000 to 2015



SDG 11.3.1 - Urbanization
2002 2017

Urbanization in Nairobi, Kenya — 2002 to 2017 (15 years)
Urban Area Growth = 6.7% per year (Landsat-7 Fractional Cover, 0.6 threshold)

Population Growth = ~ 4 % per year (according to several web sources)

What does this tell us? Nairobi is rapidly expanding its urban footprint at

a rate that is 1.7x faster than the population is growing. Is this population
growth and urban area expansion sustainable and what are the impacts?



SDG 15.1.1 — Forest Area

Mau Forest in western Kenya
Results from Data Cube (left) closely compare well with the
Global Forest Watch (https://www.globalforestwatch.org/) product (right).

Using an EVI threshold approach, there is a loss of 5.7%
of the land to devegetation (likely deforestation) from 2002 to 2017.



SDG 15.3.1 — Land Degradation

Vegetation

2000 2017 ation

Mining along the Ankobra River in Ghana

There is a 13% loss in dense vegetation from
2000 to 2017. These illegal mines have a
significant impact to land and water resources.



SDG 15.3.1 — Land Degradation

4.4% Urban Expansion

Analysis completed along the coast of Ghana, near Accra.
ESA CCI data was used for land classification training.

Analysis used the SDG 15.3.1 Good Practice Guidance document by CSIRO and UNCCD
(Sept 2017). Assessment of Carbon stock was note addressed.



Cropland Phenology

Aggregation of satellite
data into monthly "bins” is
useful for the study of crop
phenology. It is possible to
use this data to determine
crop ”start of season” and
“end of season” at
moderate resolution.

Working with GEOGLAM to
build a Landsat-scale NDVI
anomaly algorithm that is
similar to the Crop Monitor
product



Sentinel-1 C-Band Radar

2015-2018 Land Change Feb-Nov 2018 Land Change

Land Change (likely illegal mining) in Ghana
Testing sample pre-processed Sentinel-1 datasets that can be used in
the data cube for operational land change detection.



ALOS L-Band Radar

Open Data Cube: ALOS annual mosaics from JAXA over Caqueta, Colombia
Left: HV band in 2010 ... “dark” regions are non-forest (water, bare soil, grassland)

Center: HV band 2016 ... Increased “dark” regions corresponding to potential
deforestation

Right: RGB image where RED = HV from baseline year (2010) and GREEN+BLUE = HV
band from the analysis year (2016) to the analysis year. Vegetation loss appears in RED
and regrowth in CYAN. Areas of no change appear in different shades of GRAY.



ALOS L-Band Radar

Open Data Cube Results
HV Threshold Change from 2010 to 2016

RED = Vegetation Loss

GREEN = Vegetation Gain
WHITE = Non-Forest Mask
BLACK = No Land Change

Global Forest Watch Results
Deforestation from 2010 to 2016

GREEN = Forest mask
RED = Forest Loss
BLUE = Forest Gain
WHITE = Non-forest




The Future

= Analysis-Ready Data (ARD)

® Cloud-Optimized GeoTIFFs (COG)

= Radar Data ... Sentinel-1 and ALOS

= An organized ODC Application Library

® Training Products (Tutorials, Videos, Case Studies)
= ODC Tools (Jupyter Hub, Enhanced User Interface)

= More operational ODC deployments ...
Vietnam (+Mekong), U.K., Digital Earth Africa

" Progress collaborations with Google and Amazon



Web: opendatacube.org
Twitter: @opendatacube
Demo: tinyurl.com/datacubeui



Data Cube User Interface Tutorial December, 2018

How to use the Africa Regional Data Cube (ARDC) User Interface (Ul) for the investigation of water extent, water
guality, coastal change, vegetation indices and the development of cloud-free mosaics. This document shows how
to create output products from the ARDC user interface and understand the details of the output.

Website: http://54.146.168.223

Case #1: Menu: Tools > Water > Water Detection

The user needs to select a region and then select the parameters from the "Data Selection" menu. It is usually
best to select a long start and end date to gather water information for entire time series. The product is based on
the Water Observation from Space (WOFS) algorithm, developed in Australia. The results can be used to identify
regions of periodic flooding, flood risk and the times of historic flooding.

Below is the legend for the WOFS product. The colors represent the percent of time a pixel has experienced water
out of all of the clear observations. Regions of rare water will be red and yellow colors. Regions of persistent
water (rivers, lakes, etc.) will be dark blue.

Example of WOFS Water Extent for the Mtera Reservoir in Tanzania from Apr-1999 thru Dec-2016 (17 years).

These water extent products can be used as a flood risk map, as the colors show the historic extent of water over
the spatial region and allows identification of areas that have seen periodic or rare flooding.



The pixel-dropper an be used to assess any single location in the final product. An example is below.

The results above suggest this location experienced water during two time periods. These were mid-2014 and
after Feb-2016.

The results above show an area that experienced water only 1 times in a 4-year period (2013 thru 2016). This
event occurred in mid-2016.

Case #2: Menu: Tools > Water > Water Quality TSM

Select a cube and then select an inland water body. Similar to above, select a region and time period. This analysis
will use a simple single-band algorithm to predict Total Suspended Matter (TSM) in the water. It is believed that
TSM is a proxy for water quality and represents the "cleanliness" or "turbidity" of the water. Though many
scientists believe that Landsat cannot accurately measure TSM, there is known value in the results when viewing
spatial differences in TSM and time series variations in TSM. In general, Landsat-8 is better than Landsat-7 for
water quality, as the signal-to-noise is better for L8. In the coming year, the NASA team will be investigating other
algorithms to improve the water quality product.



Select a "Result Type" and run an analysis. A sample output is shown below.

The example above is TSM Variability from Apr-1999 to Dec-2016 over the Mtera Reservoir in Tanzania. Only the
pixels where there is constant water are used for the analysis.

It is possible to view a single pixel to see the variability in TSM values over time. Use the "Marker Tool" to look at
any single pixel location. This tool is located in the top-left of the map and looks like a small "marker". A 2-D plot
will be generated to show the time series TSM result for the selected pixel. Below is the example output from the
marker on the product shown above. In this case it appears there was an extreme event of high TSM in 2006 but it
recovered within 2 years. Starting in 2013, there appears to be a large increase in TSM that has note recovered.

Try this same analysis for a water body in your region and use this information to determine how you might take
water quality samples or monitor the impact of a water management change.



Case #3: Menu: Tools > Water > Coastal Change

Select the Tanzania cube and then select a region on the coast. This product will show two different types of
results. One is the coastal boundary change (old vs. new) and the other product is the coastal change (water vs.
land). Below are two example outputs near the city of Dar es Salaam. The two types of output products can be
changed using the "Results" tab. The color legend can be used to see the changes in the coastal boundary and
where the land-water interface has changed.

The coastal changes from 2000 to 2015 (15 years) along the Dar es Salaam, Tanzania inlet are shown above. Inside
the inlet there are some regions that have experienced a change from water to land (green) and outside the inlet
there are signs of coastal erosion from land to water (red).

Case #4: Menu: Tools > General > Custom Mosaic

In order to closely analyze land data, it is often best to create a cloud-free mosaic and then export that image as a
GeoTIFF for analysis in a more powerful tool, such as QGIS. The following steps show an example of creating a
cloud-free mosaic for a region.

The term "mosaic" is used to describe a time-series product that combines that removes clouds and creates a new
spectral representation of the region for the selected time period. In some cases the mosaic will use "real" pixels
from the time series, but in other cases it might create a new synthetic product that is a statistical median of each
band in the time series.

(1) Pick a region for your mosaic by clicking on the top-left corner and then dragging your mouse to the bottom-
right corner of the region. You should see a shaded box on your screen. Check the LAT and LON boundaries of
your cube and try to keep the region to less than 1deg x 1deg. This will make the execution faster for everyone. As
you move around the map, you can also see the LAT-LON position in the upper-right corner of your screen.

(2) Select a Start and End data for your mosaic. Pick ONE year within the range of dates for your cube. The system
will default to the range of dates that are available. You can also pick shorter time periods for seasonal mosaics.



(3) Pick a "Result Type". You might start with a "true color" image first, which is the typical Red-Green-Blue (RGB)
output. There are also several other false color outputs that can be interesting to identify certain land features.
Try a few of them to see the differences in these RGB combinations.

NIR-SWIR1-SWIR2 or NIR-SWIR1-RED = Land appears in shades of orange and green, ice stands out as a vibrant
magenta color, and water appears in blue.

SWIR1-NIR-RED = Good for vegetation analyses

SWIR2-NIR-GREEN = This band combination was used for the global Landsat mosaic created by NASA.
SWIR1-NIR-BLUE = Useful for the monitoring of agricultural crops, which appear as a vibrant green. Bare earth
appears as magenta color and non-crop vegetation appears as more subdued shades of green.

NIR-RED-GREEN = Vegetation is red, with healthier vegetation being more vibrant. This is commonly used when
looking at vegetation, crops and wetlands.

(4) Pick a "Compositing Method" which is the basis for building the mosaic. You will see Least/Most Recent Pixel,
Min/Max NDVI, and Median. For your first mosaic, you should try the Most Recent Pixel, as it will select the most
recent cloud-free pixel in the time series. For your second case, you should try the "Median Pixel" as it will select
the "middle" value of each band in the time series, which is a synthetic product, since it is a statistical quantity of
the band data.

NOTE: NDVI and Median mosaics take longer to run as they are "synthetic" products and require statistical
calculation. The True Color RGB image will look "dark" on the Ul screen. You can export the PNG image and then
use Photoshop to create a "brighter" image as shown in the example below.

(5) Pick a "Generate Time Series Animation" choice, if desired. This will produce an animation file that will allow
you to see each of the images in the time series stack which are the basis for the mosaic product. Scene = this will
give you a scene by scene look. Cumulative = this will give you a cumulative look at the mosaic as it filters for
clouds over the time series. It is suggested to use the SCENE selection as this is a nice way to view the available
data for each scene in the time series. NOTE: SCENE is not possible with median mosaics, but should be used for
least/most recent pixel mosaics.

NOTE: If the user selects a time series animation of the scenes, it will take MUCH longer to complete the analysis.
To download the animated GIF file, the user needs to go to the OUTPUT tab, pick the job that ran the animation,
and then select the "time series animation" output product. These files can get VERY large.

(6) Select the "SUBMIT" button when are ready to run your analysis. The "Running Tasks" window will show you
the progress of your analysis. It make take a few minutes, so be patient. Once complete, you will see the final
mosaic (cloud-filtered) on the main screen.



EXAMPLE (on right)
True Color RGB, Max NDVI, Landsat-8,
Year 2017 - Mount Kenya National Park

(7) Select the HISTORY tab on the top-left menu to see a
history of your analysis cases. By clicking on any of the
listed tasks you can see the details of analysis and load
past results into the screen.

(8) Select the RESULTS tab on the top-left menu to see

the details of the underlying scenes that were used for

the mosaic. You will see an "Acquisition List" that shows

details for each of the scenes in the mosaic. For

example, you can see the "clean pixel percentage",

which is the same as 1-Cloud%. In addition, any one of

these individual scenes can be loaded for viewing. Try

one! When a scene or mosaic is selected the user can

also check the "Highlight No Data" box to color the no-data or clouds as RED in the image. An example is shown
below.

(9) Select the OUTPUT tab on the top-left menu to choose a variety of output products. Once a result is selected
there will be a drop-down list of possible outputs, such as PNG, animations and GeoTIFF. Try downloading a PNG
file (flat image), a GeoTIFF (to view in QGIS or ArcGIS) and a time series animation (GIF file). For each one, you will
need to press the "Download Selected" button to download the final result. Be sure to download and view a GIF
animation file as it is interesting to see the variations in cloud cover, Landsat-7 banding and scene edges as you go
thru the time slices in the data cube.

In addition, when a product is selected you will see a list of details for the mosaic. This includes the run time, the
number of scenes in the image, the pixel count and the clean pixel percentage (% cloud free), Lat-Lon range, time
range and composite method. This is valuable information.

(10) Repeat the steps above with variations in the selections. For example, try a different region, time period,
false color mosaic output, or compositing method.



Case #5: Menu: Tools > Land > Spectral Indices

This section of the training manual is meant to address spectral indices. These are mathematical combinations of
the Landsat spectral bands (red, green, blue, infrared-IR, shortware infared #1 (SWIR1), and shortwave infrared #2

(SWIR2)). These band combinations allow unque identification of land features and make it easier to study

differences in land classes and time series variations due to seasons or land change.

Similar to the previous cases, the user first selects a region, selects a time period, and selects a satellite (L7 or L8).

Then the user must select one of the 5 spectral indices and a compositing or mosaic method, similar to case #4.
Below is a summary of the available spectral indices and how they might be used for land analyses. All of these
parameters are quite common and more information can be found using typical "Google" queries.

(a) Tools > Land > Spectral Indices > NDVI
NDVI = Normalized Difference Vegetation Index

This is the most common vegetation index and measures "greenness".
Healthy vegetation (chlorophyll) reflects more near-infrared (NIR) and
green light compared to other wavelengths and it absorbs more red and
blue light. The range of values is -1.0 to 1.0.

-1.0 to 0.0 > Rocks, sand or snow (no vegetation)
0.0to 0.2 > Non-green plants or dead vegetation
0.2 to 0.6 > Moderate green plants, shrubs or grasslands
0.6 to 1.0 > Dense and dark vegetation, typical of forests

Interpretation: The Ul only allows one to visually interpret results and to
compare vegetation extent between two different spatial locations or
time periods. Dense vegetation areas will be dark green, moderate
vegetation will be medium green and a lack of vegetation or bare soil or
urban areas will be light green or nearly white in color. An example is
shown on the right (near Kumasi, Ghana). Water is in the bottom of the
image, and a mix of urban areas and vegetation are in the top of the
image.

(b) Tools > Land > Spectral Indices > NDWI

NDWI = Normalized Difference Water Index

This index correlates well with the existence of water.
The range of values is -1.0 to 1.0.

-1.0to 0.0 > Bright surface with no vegetation or water content
~ 1.0 > Consistent water such as lakes or rivers

ND

WI

_ GREEN — NIR

" GREEN + NIR



Interpretation: The Ul only allows one to visually interpret results and to
compare water extent and moisture between two different spatial
locations or time periods. Areas of water will be dark blue in color and
vegetation with high water content will also be darker in color. This index
is NOT very good for clearly identifying standing water, as it is best to use
the WOFS algorithm for that purpose. This index is better used for the
combined RGB: NDBI-NDVI-NDWI product (discussed later). An example
is shown on the right (near Kumasi, Ghana). Water is in the bottom of the
image, and a mix of urban areas and vegetation are in the top of the
image.

(c) Tools > Land > Spectral Indices > NDBI

NDBI = Normalized Difference Build-Up Index NDBI = (SWIR - NIR)
(SWIR + NIR)

This index correlates well with the existence of urbanized areas.

The range of values is -1.0 to 1.0.

-1.0to 0.0 > No urbanization
0.0 to 1.0 > Urbanization

Interpretation: The Ul only allows one to visually interpret results and to
compare urban extent between two different spatial locations or time
periods. Urban areas will be dark gray in color. Areas of vegetation and
water will be lighter in color. This index is NOT very good for clearly
identifying urban areas. A more detailed assessment can be done with
NDVI and EVI (showing lack of vegetation) or with Fractional Cover (see
below) which can detect bare or urban areas. This index is better used for
the combined RGB: NDBI-NDVI-NDWI product (discussed later). An
example is shown on the right (near Kumasi, Ghana). Water is in the
bottom of the image, and a mix of urban areas and vegetation are in the
top of the image.

(d) Tools > Land > Spectral Indices > EVI

EVI = Enhanced Vegetation Index

Where, C1=6.0,C2=7.5,L=1.0



The enhanced vegetation index (EVI) was developed as an alternative to NDVI to address some of the limitations
of the NDVI. The EVI was specifically developed to: (a) be more sensitive to changes in areas having high biomass
(a serious shortcoming of NDVI), (b) Reduce the influence of atmospheric conditions on vegetation index values,
and (c) correct for canopy background signals. EVI tends to be more sensitive to plant canopy differences like leaf
area index (LAl), canopy structure, and plant phenology and stress than does NDVI which generally responds just
to the amount of chlorophyll present.

The range of EVI values are -1.0 to 2.5.

Interpretation: The Ul only allows one to visually interpret results and to
compare vegetation extent between two different spatial locations or
time periods. Similar to NDVI, dense vegetation areas will be dark green,
moderate vegetation will be medium green and a lack of vegetation or
bare soil or urban areas will be light green or nearly white in color. Since
EVI has a larger numerical range than NDVI and better sensitivity (see
above), the details are more evident in this product. EVI is often used by
researchers for the study of grasslands and other complex vegetation. An
example is shown on the right (near Kumasi, Ghana). Water is in the
bottom of the image, and a mix of urban areas and vegetation are in the
top of the image.

(e) Tools > Land > Spectral Indices > SAVI
SAVI = Soil Adjusted Vegetation Index

In areas where vegetative cover is low (i.e., < 40%) and the soil surface is exposed, the reflectance of light in the
red and near-infrared spectra can influence vegetation index values. This is especially problematic when
comparisons are being made across different soil types that may reflect different amounts of light in the red and
near infrared wavelengths (i.e., soils with different brightness values). The soil-adjusted vegetation index was
developed as a modification of NDVI to correct for the influence of soil brightness when vegetative cover is

low. The SAVI is structured similar to the NDVI but with the addition of a “soil brightness correction factor,”

sayr = NIR=RED .\
(NIR + RED+ L)

L = 0.5 for Landsat Surface Reflectance Products

where NIR is the reflectance value of the near infrared band, RED is reflectance of the red band, and L is the soil
brightness correction factor. The value of L varies by the amount or cover of green vegetation: in very high
vegetation regions, L=0; and in areas with no green vegetation, L=1. Generally, an L=0.5 works well in most
situations and is the default value used. When L=0, then SAVI = NDVI.



Example above: NDVI and SAVI calculated from a Landsat TM5 image of southwestern Owyhee County, Idaho.
This image shows a section of the South-Fork Owyhee River canyon. Notice how the NDVI image has high index
values in the rocky river canyon, suggesting much more vegetative cover than is actually there. The SAVI for the
canyon gives a much better approximation of the amount and cover of vegetation in the canyon as well as in the
upland.

Interpretation: The Ul only allows one to visually interpret results and to compare vegetation extent between two
different spatial locations or time periods. If the user believes that the analysis region has low vegetation and high
amounts of soil, then SAVI is a better choice for vegetation detection compared to NDVI.

Case #6: Menu: Tools > Land > Fractional Cover (FC)

Vegetation fractional cover represents the exposed proportion of Photosynthetic Vegetation (PV), Non-
Photosynthetic Vegetation (NPV), and Bare Soil (BS) within each pixel. The RGB image assigns Red=BS, Green=PV
and Blue=NPV to the image. This product is useful for natural resource management, modeling carbon dynamics
and assessing land cover change in time series. The fractional coverage algorithm uses a linear unmixing
technique developed by Juan P. Guerschman (CSIRO).

Interpretation: The Ul only allows one to visually interpret results and to compare vegetation extent between two
different spatial locations or time periods. Compared to other indices, the FC product is excellent for
distinguishing the differences between green vegetation and bare soil or urban extent. It is very easy to see the
regions where vegetation is dense (dark green), areas where vegetation once existed but is now dead and not
green (blue) and then areas where there is no vegetation due to bare soil or urbanization (red). Water is typically
black in the image. An example near Lake Chad is shown here. It is possible to see the Chari River inlet to Lake
Chad, the vegetation near the borders of the lake and along the river and the bare soil.



Another example of the use of Fractional Cover is for the evaluation of changes to urban extent. The example
below clearly shows the expansion of Nairobi from year 2000 (left) to year 2017 (right). Urban areas are clearly
displayed as red colors in the image. Using a threshold algorithm it is possible to measure the area in any specific
category (vegetation, urban, etc) for analysis purposes.



Case #6: Menu: Tools > Land > NDBI-NDVI-NDWI

This product is similar to Fractional Cover. The RGB image uses 3 separate indices (see above) that are assigned to
each color. Red = NDBI, Green=NDVI, Blue=NDWI.

Interpretation: The Ul only allows one to visually interpret results and to compare results between two different
spatial locations or time periods. It is possible to see the extent of vegetation (green), urbanization (red) and
water (blue) in any image. A sample analysis (below) was run over Nairobi to compare with the FC results above.
Year 2000 is shown on the left and year 2017 on the right. Urban areas are clearly displayed as red colors and
vegetation in green.

Below is an example along the coast of Kenya near Mombasa. The NDBI-NDVI-NDW!I product is shown on the left
(water is blue, bare soil or urban area is red). This can be compared with the Fractional Cover product on the right
for the same time period.
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