Building Capacity to Use Earth Observations in Addressing

Environmental Challenges in Bhutan
Day 3 — Overview of Landcover Products




Objectives

By the end of this presentation, you will be able to:
Describe global Land Cover (LC) products derived from remote sensing

Utilize GEE to access and visualize the LC products in your region of interest
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Outline

« |dentify global Land Cover (LC) products derived from remote sensing

« Demonstration:
— Global Forest Watch
— Access LC products in GEE
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Identifying Global Land Cover (LC) Products Derived from
Remote Sensing



Global Landcover Products

« Satellite imagery provides the ideal vantage point to characterize land cover.

« Several LC products derived from optical and microwave Synthetic Aperture Radar (SAR) data are
available.

« Existing LC products identify:

— Multiple Classes (e.g., Water, Land, Forests, Shrubs, Grass, Crops, and Urban Areqs)
— Specific Classes (e.g., Forest and Non-Forest)
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Global Landcover Products

LC Product SRelC] Temporal Resolution and

Satellite & Sensor Resolution and
Name C Coverage
overage

Terra & Aqua : Annual
MODIS MCDI12Q1 Version 6.1 500 m, Global 2002—Present

Sentinel-2 MSI
& Sentinel-1 SAR

ESA World Cover 10 m, Global Annual 2020 and 2021

Near Real-Time

Sentinel-2 MSI Dynamic World 10 m, Global 2015-Present
Landsat Annuadl
ETM. OLL OLI2 Global Forest Waich 30 m, Globdal 2002-2023
Landsat, Sentinel-2 | <loballand Analysis 30 m, Global 2000-2020
& Discovery
ALOS & ALOS2 Annual 2007-Present (Except
PALSAR & PALSAR-2 Forest/Non-Forest 25 m, Globdl 2011-2014)
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https://lpdaac.usgs.gov/products/mcd12q1v061/
https://esa-worldcover.org/en
https://developers.google.com/earth-engine/datasets/catalog/GOOGLE_DYNAMICWORLD_V1
https://www.globalforestwatch.org/
about:blank
about:blank
https://earth.jaxa.jp/en/data/2555/index.html

MODIS Land Cover

https://lodaac.usgs.gov/news/release-of-modis-version-6-land-cover-data-products/

* Derived from combined Terra and Aqua
MODIS observations

« Uses 1-7 MODIS spectral bands m—

« Derived using supervised classification
methodology (Friedl et al. 2002, 2010)

« Six different classification schemes used

Band | pandwidth?
1 620 - 670
2 841 - 876
3 459 - 479
4 545 - 565
5 1230 - 1250
6 1628 - 1652
7 2105 - 2155
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https://lpdaac.usgs.gov/documents/101/MCD12_User_Guide_V6.pdf
https://lpdaac.usgs.gov/news/release-of-modis-version-6-land-cover-data-products/

MODIS Land Cover
https://developers.google.com/earth-engine/datasets/catalog/MODIS 061 MCD12Q1

MCD12Q1.061 MODIS Land Cover Type Yearly Global 500m @ -
«  MODIS LC data are available in GEE 10
. Dataset Availability
O n d i n C | U d e m U | -I-i | e L C S U O | i-I- > ; 2001-01-01T00:00:00Z-2022-01-01T00:00:00Z
p ! q y Dataset Provider
fl O gs O n d O n Cil | O ry d O‘I‘O NASA LP DAAC at the USGS EROS Center
.
! Earth Engine Snippet
ee.ImageCollection("MODIS/061/MCD12Q1") [
Tags
landcover  modis  nasa  usgs  yearly

Description Bands Terms of Use Citations DOIs

Resolution

500 meters

Bands
Name Units Min Max Description
LC_Type1 Land Cover Type 1: Annual { i F (IGBP)
LC_Type2 Land Cover Type 2: Annual University of Maryland (UMD) classification
LC_Type3 Land Cover Type 3: Annual Leaf Area Index (LAI) classification
LC_Type4 Land Cover Type 4: Annual BIOME-Bi Cycles (BGC)
LC_Type5 Land Cover Type 5: Annual Plant Functional Types classification
LC_Prop1_Assessment % 0 100 LCCS1 land cover layer confidence
LC_Prop2_Assessment % 0 100 LCCS2 land use layer confidence
LC_Prop3_Assessment % 0 100 LCCS3 surface hydrology layer confidence
LC_Prop1 FAO-Land Cover Classification System 1 (LCCS1) land cover layer
LC_Prop2 FAO-LCCS2 land use layer
LC_Prop3 FAQ-LCCS3 surface hydrology layer
Qac Product quality flags
LW Binary land (class 2) / water (class 1) mask derived from MOD44W

LC_Type1 Class Table
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https://developers.google.com/earth-engine/datasets/catalog/MODIS_061_MCD12Q1

The European Space Agency (ESA) WorldCover
https://esa-worldcover.s3.eu-central-1.amazonaws.com/v200/2021/docs/WorldCover PUM V2.0.pdf

 ESA WorldCover is derived by using Sentinel-
2 MSI optical reflectance, and Sentinel-1

SAR VV and VH backscatter data. o Panct
- Sentinel-1 and Sentinel-2 data, along with RGENIR Y

vegetation index from Sentinel-2, digital SWIR s

elevation, and meteorological information - :

at training sites, are used to derive LC e P S

features based on the Land Cover
Classification System (LCCS) developed by
the United Nations (UN) Food and
Agriculture Organization (FAQO).

/ Classification \
4
. \

-

Combined Workflow to Generate the
WorldCover Land Cover Product
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https://esa-worldcover.s3.eu-central-1.amazonaws.com/v200/2021/docs/WorldCover_PUM_V2.0.pdf
https://esa-worldcover.s3.eu-central-1.amazonaws.com/v200/2021/docs/WorldCover_PUM_V2.0.pdf
https://esa-worldcover.s3.eu-central-1.amazonaws.com/v200/2021/docs/WorldCover_PUM_V2.0.pdf

The European Space Agency (ESA) WorldCover
hitps://developers.google.com/earth-engine/datasets/catalog/ESA WorldCover v100#bands

. . ESA WorldCover 10m v100 @ -
« ESA WorldCover is available from GEE -
———— Dataset Availability
2020-01-01T00:00:002-2021-01-01T00:00:00Z
;' Dataset Provider
ESA/VITO/Brockmann Consult/CS/GAMMA Remote Sensing/IIASA/WUR
Earth Engine Snippet
ee.ImageCollection("ESA/WorldCover/v108") (4
Tag
esa landcover landuse  sentinel I1-derived  sentinel 12-derived
Description Band: Terms of U: Citations
Resolution
10 meters
Bands
Name Description
Map Landcover class
Map Class Table
Val Color Description
10 006400 Tree cover
20 #ffbb22 Shrubland
30 #ffffac Grassland
40 #f096ff Cropland
50 {#fa000g Builtup
60 #bababa Bare / sparse vegetation
70 #fofofo Snow and ice
80 {#0064c8 Permanent water bodies
90 #0096a0 Herbaceous wetland
95 #00¢f75 Mangroves
100 #fae6al Moss and lichen
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https://developers.google.com/earth-engine/datasets/catalog/ESA_WorldCover_v100
https://developers.google.com/earth-engine/datasets/catalog/ESA_WorldCover_v100

Dynamic World
https://www.nature.com/articles/s41597-022-01307-4

« Automated approach for globally L
consistent, high-resolution, Near Real-Time i il
(NRT) Land Use Land Cover (LULC)
classification leveraging deep learning on Dynamic World

A near realtime land cover dataset for our constantly

10-meter Senfinel-2 imagery.
» A 10M RESOLUTION = '@ GLOBAL SCALE @ Al POWERED

o |nC|UdeS ClOSS prObOb”iTieS Ond |Obe| B PEERREVIEWED @& NEARREALTIME 2% OPEN LICENSING
information for nine classes. i, N gy ]

« Predictions are available from 2015-06-27
TO The preserﬂ- 9 land use and cover types

« Generafed images with |
CLOUDY_PD(EL_PERCENTAGE <= 35%. Brown, C.F., Brumby, S.P., Guzder-Williams, B. et al. Dynamic World, Near

real-time global 10 m land use land cover mapping. Sci Data 2, 251 (2022).
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https://www.nature.com/articles/s41597-022-01307-4
https://doi.org/10.1038/s41597-022-01307-4
https://doi.org/10.1038/s41597-022-01307-4

Dynamic World

« Dynamic World is available Dynamic World V1 @ -
from GEE.

Dataset Availability
2015-06-27T00:00:00Z-2024-05-09T13:47:39Z

Dataset Provider

« Google Earth Engine futorial is
available for working with the
Dynamic World dataset.

World Resources Institute Google
Earth Engine Snippet

ee.ImageCollection("GOOGLE/DYNAMICWORLD/V1") [

Tags

global google landcover landuse nrt sentinel2-derived

.
* Links:
’ . Description Bands Image Properties Terms of Use Citations DOIs

— Website

Dynamic World is a 10m near-real-time (NRT) Land Use/Land Cover (LULC) dataset that includes class probabilities and label information for nine classes.
G E E D O TO S eT Dynamic World predictions are available for the Sentinel-2 L1C collection from 2015-06-27 to present. The revisit frequency of Sentinel-2 is between 2-5 days depending on latitude. Dynamic
-|- U 'I'O ri O | S World predictions are generated for Sentinel-2 L1C images with CLOUDY_PIXEL_PERCENTAGE <= 35%. Predictions are masked to remove clouds and cloud shadows using a combination of

S2 Cloud Probability, Cloud Displacement Index, and Directional Distance Transform.

Images in the Dynamic World collection have names matching the individual Sentinel-2 L1C asset names from which they were derived, e.g:

NASA ARSET - Building Capacity to Use Earth Observations in Addressing Environmental Challenges in Bhutan



https://developers.google.com/earth-engine/datasets/catalog/GOOGLE_DYNAMICWORLD_V1
https://developers.google.com/earth-engine/tutorials/community/introduction-to-dynamic-world-pt-1
https://dynamicworld.app/
https://developers.google.com/earth-engine/datasets/catalog/GOOGLE_DYNAMICWORLD_V1
https://developers.google.com/earth-engine/tutorials/community/introduction-to-dynamic-world-pt-1

Global Forest Watch (GFW)

https://www.globalforestwaich.org/

« Focuses on global tree cover (tall
woody vegetation with height > 5 m)
identification based on Landsat 7 to 9
imagery.

« Uses optical reflectance from Landsat,
and supervised classification
methodology.

 Available from GFW interactive
dashboard and from GEE.

« > ¢

BLOBAL
ATCH
Ao

FOREST
CHANGE

L

JanD cover

'O
<
LAND USE

b

CLIMATE

JODIVERSITY

®

EXPLORE

Q

SEARCH

i1 Tree cover gain - 2000- g 0 x

i1 Tree cover loss - 2001-

‘1 Tree cover - 2010 ¢ 0 x

25 globalforestwatch.org/map/ p+d 4 °

MAP  DASHBOARD
by b ol

€ LEGEND 1l ANALYSIS

HELP v ABOUT v/ BLOG OTHER TOOLS v

2020

@ Tree cover gain

E Kazakhstan
e x
2023 North
Atlantic

Ocean -

@ Tree cover loss

Displaying Tree cover loss with > 30%v
canopy density

Pakistan

|

2001 2004 2008 2012 2016 2020 2023

> Karath

Tree cover loss is not always deforestation.

Maldives

@ Tree cover Fortaleza

Displaying Tree cover with ~>30%v
canopy density

Displaying Tree cover for 2010 v -
Mauritus1o000mi | N, Ghdo@nN,

= de Janeiro
Il PLANET SATELLITE IMAGERY (TROPICS) v gle N Engine CART® 200m: 2.00 at, lon: 27.00000, 1

D,

T Zimbabiie’
Warmibid M
Map data ©2026 Gc&;ﬁ m(,i“-‘ U

outh Afn(c

Hansen Global Forest Change v1.11 (2000-2023) O -

Dataset Availability
2000-01-01T00:00:002-2023-12-31T00:00:002
Dataset Provider
Hansen/UMD/Google/USGS/NASA
Earth Engine Snippet

ee.Image("UMD/hansen/global_forest_change_2023_v1_11") 3

Tags

forest  geophysical landsatderived  umd  hansen

Description ~ Bands ~ TermsofUse  Citations  DOIs
Resolution

30.92 meters

Bands

Name Units Min Max Wavelength Description

treecover2608 % 0 100 “Tree canopy cover for year 2000, defined as canopy closure for all vegetation taller than 5m in height

loss Forest loss during the study period, defined as a stand-replacement disturbance (a change from a forest to non-forest state)

@ Bitmask for loss

gain Forest gain during the period 2000-2012, defined as the inverse of loss (a non-forest to forest change entirely within the study period). Note that this has not been updated in
subsequent versions.
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https://www.globalforestwatch.org/
https://developers.google.com/earth-engine/datasets/catalog/UMD_hansen_global_forest_change_2023_v1_11
https://www.globalforestwatch.org/

ALOS PALSAR Forest and Non-Forest
https://www.eorc.joxa.jp/ALOS/en/dataset/fnf e.htm

« PALSAR-2/PALSAR SAR annual mosaics are used Qlobaclass PALSAR-2/PALSAR Forest/Non-Forest Map o -
to generate global Forest/Non-Forest (FNF)

MapPs.

Dataset Availability
2007-01-01T00:00:00Z-2018-01-01T00:00:00Z
Dataset Provider
JAXA EORC
Earth Engine Snippet

ee.ImageCollection("JAXA/ALOS/PALSAR/YEARLY/FNF") [4

«  SAR backscattering coefficient and region- '
dependent threshold for backscattering is used S EnE = =
to classify forest (high backscatter) and non-
forest (low back scatter) pixels.

« Area larger than 0.5 ha and forest cover over
10% is defined as natural forest. i ——

fnf Class Table

Value

o

g

5
o

« The classification accuracy is checked by using
iN-situ photos and high-resolution optical
satellite images.

2 #feff99 Non-Forest

=

Available from GEE
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https://www.eorc.jaxa.jp/ALOS/en/dataset/fnf_e.htm
https://developers.google.com/earth-engine/datasets/catalog/JAXA_ALOS_PALSAR_YEARLY_FNF

10N

Demonstrat
Global Forest Waich



Demonstration:
Land Cover Data Access in GEE
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