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1. Dataset Overview

1.1. General Description

To address the need for high-quality long-term records of land cover and land cover change,
the data set described herein uses a long time series of Landsat imagery to create a global
record of annual land cover and land cover change. Specifically, the Global Land Cover
Estimation (GLanCE) data record covers all land areas outside of Antarctica, includes the
period from 2001-2019 at annual time steps, and is generated at 30 m spatial resolution.
The science data sets (SDSs) included in the GLanCE data record provide annual
information related to land cover, land cover change, and associated dynamics in surface
ecological conditions. The core mapping algorithm used in this project is the Continuous
Change Detection and Classification (CCDC) algorithm (Zhu and Woodcock 2014). CCDC
assumes that noise is ephemeral, that land cover change is persistent, and uses all available
Landsat observations to map land cover and identify the timing of land cover change at
each pixel.

The GlanCE product includes 10 Science Data Sets (SDSs), all of which are described and
defined in detail in Section 2. Broadly speaking, the GLAnCE SDSs are designed to
characterize three broad landscape attributes:

1. Land Cover and Land Cover Change. Four SDSs provide information related to: (1) the
land cover class; (2) the estimated quality associated with the land cover class1; (3) the
previous land cover class for those pixels where change occured; and (4) the approximate
day of year (DOY) of change.

2. Magnitude, Seasonality, and Changes in Greenness. Four SDSs are included that
characterize annual greenness at each pixel via the Enhanced Vegetation Index (EVI2;
Huete et al., 2002): (1) median; (2) amplitude; (3) rate of change (if present); and (4)
magnitude of change in EVI2 median for those pixels where change occurred.

3. Leaf Type and Phenology. Two SDSs are included that indicate the inferred leaf type
and phenology for pixels classified as tree cover1.

1.2. Science Context and Background

Land cover plays a key role in the Earth’s climate, ecological, and socio-economic systems
(Bonan, 2008; Foley et al., 2011), and maps of land cover provide the single most important
basis for characterizing the ecological state and biophysical properties of the Earth’s land
areas (Feddema et al., 2005; Foley et al., 2005). Land cover and land surface properties
influence biosphere-atmosphere interactions and the role of land cover and land use in the
global carbon cycle is both well-documented and profound (Houghton, 2020). Accurate
information related to the global distribution of global land cover is therefore required to

1Note, this set of SDSs is not included in V1.0 but will be included in future versions of the data set.
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parameterize land processes in regional-to-global scale Earth system models (Bonan et al.,
2002; Fuchs et al., 2018). In addition, as the Earth’s population has surged over the last
several decades, the global area of land dominated by humans has rapidly expanded,
ecologically important regions have been degraded, the area available for new land use
(e.g., cities, croplands) has decreased, and land resources have become increasingly scarce
(Ellis & Ramankutty, 2008; Foley et al., 2005; Goldewijk, 2001; Sanderson et al., 2002).
Hence, accurate and timely information related to land cover and land cover change is
essential for managing natural resources and for understanding the ecological,
biogeographic, and resource management footprint of society (Song et al., 2018).

Remote sensing has been used to map land cover for over four decades (Loveland et al.,
1991; Strahler, 1980; Townshend et al., 1991). Until relatively recently global land cover
and land use data were only available at coarse spatial resolution from data sets such as the
Global Land Cover Type product (Friedl et al., 2010; Sulla-Menashe et al., 2019) produced
by NASA, and the GlobCover (Arino et al., 2008) and Climate Change Initiative Land Cover
data sets (Plummer et al., 2017) produced by the European Space Agency (ESA). Because
these products are based on coarse spatial resolution imagery (nominally at 500 or 300
meters), the representation of land cover they provide is highly generalized. Further,
because spatio-temporal variation in most land cover occurs at spatial scales well below the
resolution provided by coarse spatial resolution remote sensing, these products do not
meet the needs of the large, diverse, and growing community of scientists and applied
stakeholders who require high quality and high spatial resolution information related to
land cover, and ultimately land cover change, over large areas.

To address this need, global land cover products at medium spatial resolution based on
imagery from Landsat and other sensors such as Sentinel 1 and 2 have started to become
available. The most widely used of these products tend to be focused on specific themes
including urban land use or impervious surface mapping (Gong et al., 2020; Liu et al., 2021;
Liu et al., 2018), forest cover (Feng et al., 2016; Hansen et al., 2013; Kim et al., 2014), or
surface water (Pekel et al., 2016), and therefore support a focused community of end-users.
In parallel, several general-purpose land cover maps that depict a finite set of discrete
classes (generally ~10) have also been created. The GlobeLand30 data set provides maps
of global land cover at 30 m for 10 classes for 2000, 2010, and 2020 (Chen et al., 2015). The
iMap World data set provides land cover data and maps at 30 m for the period 1985-2020
based on Landsat imagery (Liu et al., 2021). The GLC_FCS30 product provides maps of
global land cover for 2015 in three different land cover schemes with 9, 16 and 24 classes
(Zhang et al., 2021) and, most recently, ESA created the WorldCover data set for 2020,
which includes 11 land cover classes and is produced at 10 m spatial resolution using data
from Sentinel 1 and 2 (Zanada et al. 2021). Significantly, these two latter products do not
provide information related to land cover change, which is required for many applications
and is essential for characterizing and modeling changes in global land cover that have
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occurred over the last several decades. The GLanCE data record is designed to build upon
and extend the existing legacy of global land cover maps to provide high-quality long-term
records of land cover and land cover change at medium spatial resolution.

2. Dataset Characteristics

The 10 Science Data Sets (SDSs) included in the GlanCE product are described in Table 1.
For all datasets, “current year” is defined as starting on July 2nd and ending on July 1st.
Annual SDSs are calculated based on this time period and land cover SDS is reported for
July 1st. Following this convention, a change that occurs in the current calendar (January
1st -July 1st) is assigned a change DOY less than or equal to 180, and a change that occurs in
the previous calendar year (July 2nd to December 31st) is assigned a DOY greater than 180.
Note that the V1.0 GLanCE data set is derived from Landsat Collection 1. Future versions of
the data set will use Landsat Collection 2, which should improve the quality of the data set
because of the improved geolocation and data density (in some regions) provided by
Collection 2 data.

2.1. Data Formats and Projection

The GlanCE data are provided as tiles with dimensions of 150 x 150 km. The pixel size is 30
m and each tile has 5000 rows x 5000 columns. Tiles are provided in GeoTIFF format and
with a custom Lambert Azimuthal Equal Area projection.  More information related to the
custom continental projections can be found on the GLanCE Grids webpage using the
Parameters tab while the grids can be found using the Grids tab as well as on GLanCE TILE
shapefiles webpage on Github.

2.2. Description and Format of SDS

Table 1. GlanCE product table.

Layer
Name

Short
Name Description Units

Scale
Factor

Valid
Range

Data
Type Fill value

Land Cover
Class LC

Integer identifier for
class in the current
year. Class # 1 [1,7] UInt8 255

Quality Flag
for Land
Cover Class QA

Integer ranging from 1
(highest quality) to 4
(lowest quality) based
on posterior
probability from
classification; 5
indicates back-up

Dimensi
onless 1 [1,5] UInt8 255
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algorithm.

Previous
Class PrevClass

Integer identifier for
class in previous year,
if change has occurred;
N/A if no change. Class # 1 [1,7] UInt8 255

Change
Date ChgDate

Estimated day of year
of change; N/A if no
change.

Day of
Year 1 [1,365] UInt16 32767

EVI2
median EVI2med

Median EVI2 in the
current year. EVI2 0.0001

[-10000,
10000] Int16 32767

EVI2
amplitude EVI2amp

Amplitude of EVI2 in
the current year. EVI2 0.0001 [0, 20000] UInt16 32767

EVI2 rate EVI2rate
Rate of change in EVI2
(yr-1). EVI2 0.0001

[-20000,
20000] Int16 32767

Change
EVI2
Median EVI2chg

Change in EVI2 median
from previous year to
current year; N/A if no
change in land cover. EVI2 0.0001

[-20000,
20000] Int16 32767

Leaf type LeafType

Integer indicating
broadleaf (0) or
needleleaf (1); Tree
cover, NA elsewhere. Class # 1 [0, 1] UInt8 255

Leaf
phenology LeafPheno

Integer indicating
deciduous (0) or
evergreen (1); Tree
cover, NA elsewhere. Class # 1 [0, 1] UInt8

255

EVI2 metrics included in the data set are calculated based on synthetic data (Zhu et al.
2015) derived from the modeled time segments generated by CCDC. EVI2 change rates are
computed using the period defined by each CCDC time segment. This results in some years
before, after or in between segments with no assigned rate of change. All other EVI2
statistics were computed from multi-temporal synthetic values, and are available for all
years in the study period. EVI2 amplitude may appear higher for a single year compared to
the directly preceding or subsequent years due to change or disturbance in land cover.

2.3. Classification Legend

The GLanCE Level 1 land cover legend includes 7 cover types, which are defined in Table 2.
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Table 2. Land cover classes included in the GLanCE Level 1 classification scheme.

Name Value Description

Water 1
Areas covered with water throughout the year: streams, canals,
lakes, reservoirs, oceans.

Ice/Snow 2
Land areas where snow and ice cover is greater than 50%
throughout the year.

Developed 3
Areas of intensive use; land covered with structures, including any
land functionally related to developed/built-up activity.

Barren/Sparsely
Vegetated 4

Land consists of natural occurrences of soils, sand, or rocks where
less than 10% of the area is vegetated.

Tree Cover 5

Land where the tree cover is greater than 30%. Note that cleared
trees (i.e., clear-cuts) are mapped according to current cover (e.g.,
barren/sparsely vegetated, shrubs, or grasses).

Shrublands 6
Land with less than 30% tree cover, where total vegetation cover
exceeds 10% and shrub cover is greater than 10%.

Herbaceous 7

Land covered by herbaceous cover. Total vegetation cover exceeds
10%, tree cover is less than 30%, and shrubs comprise less than
10% of the area.

3. Dataset knowledge

3.1. FAQ’s

None at this time.

3.2. Known Issues

1. Version 1.0 of the data set does not include data in  the Quality Assurance,  Leaf Type
and Leaf Phenology SDSs.  We plan to include data for these layers in future releases of
the data product.

2. EVI2 SDS values may be missing, or of lower quality, during years when land cover
change occurs.  This issue is a by-product of the fact that CCDC does not fit models or
provide synthetic reflectance values during short periods of time between time
segments.

3. The accuracy of mapping results varies by land cover class and geography.  Specifically,
distinguishing between shrubs and herbaceous cover is challenging at high latitudes
and in arid and semi-arid regions.  Hence, the accuracy of shrub cover, herbaceous
cover, and to some degree bare cover, is lower than for other classes.
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4. Due to the combined effects of large solar zenith angles, short growing seasons, lower
availability of high resolution imagery to support training data, the representation of
land cover at land high latitudes in the GLanCE product is lower than in mid latitudes.

5. Shadows and large variation in local zenith angles decrease the accuracy of the GLanCE
product in regions with complex topography, especially at high latitudes.

6. Mapping results may include artifacts from variation in data density in overlap zones
between Landsat scenes relative to mapping results in non-overlap zones.

7. Regions with low observation density due to cloud cover, especially in the tropics,
and/or poor data density (e.g. Alaska, Siberia, West Africa) have lower map quality.

8. Artifacts from the Landsat 7 Scan Line Corrector failure are occasionally evident in the
GLanCE map product.

9. High proportions of missing data in regions with snow and ice at high elevations result
in missing data in the GLanCE SDSs.

10. The GlanCE data product tends to modestly overpredict developed land cover in arid
regions.

11. Pixels with low data density (particularly towards the end of the time series) may
result in mismatches among the change date and previous land cover class layers. This
issue is present in the North America dataset (v001) but may be addressed for the
remaining continents.

12. Some pixels may present incorrect EVI2 rate values of -32768, due to an error in the
computation of predicted EVI2 values, resulting in values outside the valid range and in
very large, negative, incorrect rate values that exceed the range of the pixel data type.
This issue is present in the North America dataset (v001) but will be fixed for the
remaining continents.

4. Dataset Access

The following tools offer options to search the LP DAAC data holdings and provide
access to the Global Land Cover Estimation (GLanCE) yearly 30 m (GLanCE30.001)
Product data:

Bulk download: LP DAAC Data Pool and DAAC2Disk
Search and Browse: NASA Earthdata Search

5. Contact Information

LP DAAC User Services
U.S. Geological Survey (USGS)
Center for Earth Resources Observation and Science (EROS)
47914 252nd Street
Sioux Falls, SD 57198-0001
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Phone Number: 605-594-6116
Toll Free: 866-573-3222 (866-LPE-DAAC)
Fax: 605-594-6963
Email: LPDAAC@usgs.gov
Web: https://lpdaac.usgs.gov

For the Principal Investigators, please contact Mark Friedl at friedl@bu.edu or Paulo
Arevalo at parevalo@bu.edu.

Project web site: GLanCE: Global Land Cover Estimation

6. Data Citation

The recommended citation in APA or Chicago style is available on the Digital Object
Identifier (DOI) Landing page (10.5067/MEaSUREs/GLanCE/GLanCE30.001).

An example of a citation using the Chicago style format for the MS-LSP dataset is provided
below.

Arévalo, P., Stanimirova, R., Bullock, E.L., Zhang, Y., Tarrio, K., Turlej, K., Hu, K., McAvoy, K.,
Pasquarella, V.J., Woodcock, C.E., Olofsson, P., Zhu, Z., Gorelick, N., Loveland, T., Barber, C.,
Friedl, M.A. (2022).  Global Land Cover Estimation (GLanCE) yearly 30 m (GLanCE30.001)
V001, 2022, distributed by NASA EOSDIS Land Processes DAAC,
https://doi.org/10.5067/MEaSUREs/GLanCE/GLanCE30.001. Accessed YYYY-MM-DD.
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