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Land cover / land use

Land cover (LC) can be defined as the Land use (LU) is characterized by the
“observed (bio) physical cover of the arrangements, activities and inputs people
earth’s surface”, and is a synthesis of the undertake in a certain land cover type to
many processes taking place on the land. produce, change or maintain it. Definition of
It reflects land occupation (and its land use in this way establishes a direct link
transformation) by various natural, between land cover and the actions of people
modified or artificial systems and to in their environment.

some extent how these systems affect

the land.
Examples:

 ‘"grassland" is a cover term, while "rangeland" or "tennis court" refer to the use of a grass cover;
* "recreation area" is a land use term that may be applicable to different land cover types: for
instance sandy surfaces like a beach; a built-up area like a pleasure park; woodlands; etc.

Di Gregorio & Jansen, 2000
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WATER

Water resources / quality
Land + water use pattern

Land cover — a Cross- tting variable

CLIMATE i WEATHER
Land change / GHG emissions I Land surface climate interactions
Water + energy exchanges Vegetation characteristics

ECOSYSTEMS

Change environment conditions
Services + accounting

HEALTH

Land change / diseases
Vectors / boundary conditions

AGRICULTURE

Cultivation pattern + forestry
Land degradations

I[SASTERS
Fire monitoring
Land degrad'z,_,_ on assessments

BIODIVERSITY

Ecosystem characteristics
Habitats + fragmentation

FAO, 2016
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Habitat types LA%J

NATURA 2000
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[ o] L

http://natura2000.eea.europa.eu/
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Habitat types -
Nature Park Schlern
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Enter a location

" Data Products
Forest Loss Year (2018 Highlight)
B

Other Data Layers
Primary Humid Tropical Forests v

~ Background Imagery

Year 2000 Bands 5/4/3 ¥

Example Locations
Forestry and Tornado in Alabama

v

ones

https://www.globalforestwatch.org

Map dat= ©2010 Googla, | SDkmt_ 1 | Terms of Use

Published by Hansen, Potapov, Moore, Hancher et al. - Powered by Google Earth Engine - Help

http://earthenginepartners.appspot.com/science-2013-global-forest
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Land cover maps — user needs

Global
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cover groups

. Agricultural and

Food _
security Agricultural,
residential, <
Humanitarian _ transport
aid
Real-time

Flood

prediction and 4——

monitoring

Wildfire
management
Air quality

| Fueltypesand

Catchment

" semi-natural

Long-term
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Source: EC
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Use of land cover maps:

Landscape characterization
(composition, condition and
dynamics)

Input for environmental models
As surrogate/proxies for other
variables



Earth Observation and land cover mapping

Land cover mapping:

* Process of information extraction governed
by a process of generalization and abstract
representation of the real world

Earth Observation:
* Consistent monitoring of the Earth’s surface

Valuable source of land cover information

Global products
Continental products
National products
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Data set Spatial Overall Sensor Classification Perid of data
resolution accuracy Scheme acquisition
GLCC 2.0 1 km 66.9 AVHRR 17 classes 1992 - 1993
MODIS Land Cover 500 m 71.6 MODIS 17 classes yearly since 2001
GLC 2000 1 km 68.6 SPOT4 22 classes 1992 - 1993
VEGETATION
Globcover 300 m 73.1 MERIS 22 classes 2004 - 2006
CCI-LC 2000 300 m MERIS 22 classes 1998-2002
CCI-LC 2005 2003-2007
CCI-LC 2010 2008-2012
CCI-LC 2015 2013-2017
World Cover 10 m 76.7% Sentinel- 11 classes
2020-2021 1/2
GlobelLand30 2000 30 m 78.6 Landsat 10 classes 2000
GlobelLand30 2010 ~.80.3 - 2010
eurac researc 2023.09. 13th ESA Training Caurse Qgiiek 1]
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MODIS 2005

. Evergreen needleleaf forests
. Evergreen broadleaf forests

[:J Deciduous needleleaf forests
D Deciduous broadleaf forests
. Mixed forests

D Closed shrublands

[:J Open shrublands

D Woody Savannahs

[:] Non-Woody Savannahs

D Crasslands

. Permanent wetlands

. Croplands

. Urban and built-up areas
D Cropland/natural vegetation

C] Snow and ice

. Barren and sparsely vegetated

. Warter

2023-09-

GLOBCOVER 2005

. Post-flooding or Irrigated croplands
. Rainfed croplands

Mosaic Cropland/grass or shrub or

forest

Maosaic grass of shrub or

forest/Cropland

Closed-open broadleaved

evergreen/semi-deciduous forest
CJ Closed broadleaved deciduous forest

Open broadieaved decidugus forest
. Closed needleleaved evergreen forest
u Open needl, decid. or everg. forest

Closed-open mixed broadleaved.
needleleaved forest
D Mosaic Forest er shrub/Grassland

D Masaic Grassland,/Forest or shrub
E:] Closed to open shrubland

D Closed to open grassland

C] Sparse vegertation

. Closed-open broadleaved forest regularly
flooded
Closed broadledved forest permantent
flooded

- Closed to open vegetation regularly
flooded

. Artificial areas

C] Bare areas
. Water bodies

D Permanent snosy and ice
. Water/ Mo data

GLC 2010

. Tree Cover, broadleaved, evergreen
D Tree Cover, broadl. decid, closed
D Tree Cover, broadl, decid, open

. Tree Cover, needle-leaved, evergreen
D Tree Cover, needle-leaved. deciduous
. Tree Cover, mixed leaf type

. Tree Cover, regularly flooded, fresh
. Tree Cover, regularly flooded, saline
D Mosaic: Tree cover/Other nat veg
. Tree Cover, burnt

D Shrub Cover, closed-open, evergreen
. Shrub Cover, closed-open, deciduous
[:] Herbaceous Cover, closed-open

[:] Spare Herbaceous or sparse Shrub
. Reqularly flooded Shrub and/or Herb.
. Cultivated and managed areas

. Mosaic: Cropland/Tree Cover/natural
veg
D Mosaic: Cropland/Shrub or Crass Cover

. Bare Areas
. Water Bodies (natural & artificial)
[:] Snow and Ice (natural & artificial)

. Artificial surfaces and associated areas

13th ESA Training Course, Osijek,

ESA CCl 2010

. Cropland, rainfed
. Herbaceous cover
. Tree or shrub cover

Cropland. irrigated or post-

flooding

Mosaic cropland (=50%) /

natural veg
shrub, herbaceo

etation (tree,
us cover) («50%)

Mosaic natural vegetation
(tree, shrub, herbaceous
cover) (»50%) / cropland (<50%)

Tree cover,
evergreen,
(>15%)
Tree cover,
deciduous,
(=15%)
Tree cover,
deciduous,
Tree cover,
deciduous,
Tree cover,
evergreen,
(=15%)
Tree cover,
evergreen,
Tree cover,
evergreen,
Tree cover,
deciduous,
(=15%)
Tree cover,
deciduous,
Tree cover,
deciduous,
Tree cover,

broadleaved.
closed to open

broadleaved.
closed to open

broadleaved.
closed (>40%)
broadleaved.
open (15-40%)
needleleaved,
closed to open

needleleaved,
closed (=40%)

needleleaved,
open (15-40%)
needleleaved,
closed to open

needleleaved,
closed (>=40%)
needleleaved,
open (15-40%)
mixed leaf type

(broadleaved and

needleleaved)

Mosaic tree and shrub
(=50%) / herbaceous cover

(=50%)

Mosaic herbaceous cover
(=50%) / tree and shrub
(<50%)

. Shrubland

. Shrubland evergreen
. Shrubland deciduous

D Grassland

D Lichens and mosses

Sparse vegetation (tree,
shrub, herbaceous cover)
(=15%)
D Sparse tree (<15%)

D Sparse shrub (<15%)

D Sparse herbaceous cover
(<15%)
Tree cover, flooded, fresh or
brakish water
Tree cover, flooded, saline
water
Shrub or herbaceous cover,
flooded,
fresh/saline/brakish water

. Urban areas
[:] Bare areas

D Consolidated bare areas
[:] Unconsolidated bare areas
. Water bodies

D Permanent snow and ice

. No data

https://application.geo-wiki.org /Application/
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The Land Cover Classification System (LCCS)

A comprehensive methodology for _
description, characterization, classification \?// Food E!nd ;_Agrlculture
and comparison of most land cover features Qﬁ 0rgan|zat|qn of the
identified anywhere in the world, at any scale United Nations

or level of detail

LCCS was created in response to a need for:

eurac research

A harmonized and standardized collection of land cover data

Availability of land cover data for a wide range of applications and users
Comparison and correlation of land cover classes

2023-09- 13th ESA Training Course, Osijek,
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The Land Cover Classification System (LCCS)

Objective:
* To produce a world-wide reference system for land cover able to combine a high

level of flexibility with an absolute level of standardization of the class definition
between different users

|dea:

* A system that allows the creation of classes without to oblige the user to relate to a
pre-defined list of names

LCCS consists of:

e aninitial Dichotomous Phase, where eight major land cover types are distinguished
* asubsequent Modular-Hierarchical Phase where the set of classifiers and their

hierarchical arrangement are tailored to the major land cover type
euracresearch  2023-09- 13th ESA Training Course, Osijek,
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The LCCS system

Primarily vegetated

¥

Level

Primarily non-vegetated

¥

¥

¥

Aquatic or irregularly
flooded

. ¥ N

Natural and
semi-natural

Aquatic or irregularly
flooded

¥ ¥

Artificial
Waterbodies,
Snow and Ice

Terrestrial Terrestrial

¥

¥

Artificial
Surfaces and
Associated
Area(s)

¥

Natural and Cultivated

Cultivated and
managed
terrestrial areas

Natural

semi-natural aquatic or
terrestrial regularly
vegetation flooded

Bare Area(s)

Waterbodies,
Snow and Ice

aquatic or
regularly
flooded

eurac research ~ 2(023-09- 13th ESA Training Course, Osijek, 17



Level

, Natural and e
Cultivated and Natyraltandl CUItI\?ted semi-natural S Afrtlflual q Artificial Natural
managed Serminature aquatic or aquatic or drtaces an Bare Area(s) Waterbodies, Waterbodies,
: terrestrial regularly Associated
terrestrial areas _ regularly Snow and Ice Snow and Ice
vegetation flooded flooded Area(s)
v v v v
i i i i . N\ Physical \
Life form Spatial aspe& Life form Spatial aspects Surface aspect st\gtus Persistence
Crop combination Water seasonality
) Cover related Cover related cultural practices : : Denth Sediment
) cultural practices — Land Form| Climate | Altitude ept Load
g Crop combination
Qand form | Soils | Climate . .
= Land form | Soils | Climate diere | AfekE Vegeta
Onrt : tion
-=Altitud E Cover i i
-EA tude | Eroston Altitude | Erosion | Cover Built Up Object
© Crop type / C \ Salinity /
Q) v rop type v \ / v v
I -
- Life form Spatial aspects ife form & - / \ Physical ) \
0 ? LeaE: cover el Surface aspect status Persistence
3 .
S Leaf type phenology Water seasonality Macropattern
®) - Leaf type Leaf Sediment
= Stratification phenology Depth Load
: Stratification Land form Climate
Land form | Soils
Land form | Soils | Climate Climate |Altitude | Vegeta
Climate |Altitude |Erosion Altitude | Erosion egetation tion
Altitude | Erosion | Cover V
. Salinity
— k Floristic aspect / Floristic aspect \ Soil type k /
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Current state of land cover mapping

Copernicus Programme:
 European Union's Earth Observation Programme

Components:
* Space component
* [n-Situ component

 Data services Lopernicus

Europe’s eyes on Earth

Data policy:
* Full free and open data access
* Observation data is going to be continually provided at least until 2030

euracresearch  (23-09- 13th ESA Training Course, Osijek,
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Copernicus Data Services

C‘

Atmosphere Marine Climate Change Security

Global Pan-European Local Imagery and reference data
provides a series of bio-geophysical products on the provides information about the land cover and land focuses on different hotspots, i.e. areas that are satellite imagery forms the input for the creation of
status and evolution of the land surface at global use (LC/LU), land cover and land use changes and prone to specific environmental challenges and Copernicus land products. In order to ensure an

scale at mid and low spatial resolution land cover characteristics problems efficient and effective use of satellite data the
Copernicus land monitoring service needs access to
in-situ data

eurac research ~ 2(023-09- 13th ESA Training Course, Osijek, 20



Pan-European Component

1) Corine Land Cover:

eurac research

Inventory initiated in 1985 (reference year
1990) with updates in 2000, 2006, 2012, and
2018

44 classes in three hierarchical levels

25 ha minimum mapping unit (MMU)
Accompanying change layers highlight
changes in land cover with an MMU of 5 ha
Data sources changed from Landsat, Spot-
4/5 to Sentinel-2

Production time decreased from 10 years to
1.5 years

2023-09- 13th ESA Training Course, Osijek,

Corine land cover classes

1. Artificial surfaces
1.1 Urban fabric
- 1.1.1. Continuous urban fabric

- 1.1.2. Discontinuous urban fabric

1.2 Industrial, commercial and transport units

- 1.2.1. Industrial or commercial units

I 2.2 Road and rail networks and associated land

:I 1.2.3. Portareas
| 1.2.4. Airports

1.3 Mine, dump and construction sites

- 1.3.1. Mineral extraction sites
- 1.3.2. Dump sites
- 1.3.3. Construction sites

1.4 Artificial, non-agricultural vegetated areas

: 1.4.1. Grzen urban areas
| 1.4.2. Sportand leisure facilities

2. Agricultural areas
2.1 Arable land

2.1.1. Non-imigated arable land

2.1.2. Permanently irrigated land

I:I 2.1.3. Rice fiekls

2.2 Permanent crops

- 2.21. Vineyards

- 2.2.2. Fruit trees and berry plantations

- 2.2.3. Olive groves

2.3 Pastures

[: 2.3.1. Pastures

2.4 Heterogeneous agricultural areas

2.4.1. Annual crops associated with permanent crops

l: 24,2, Complex cultivation pattemns

I:I 2.4.3. Land principa ly occupied by agriculture

l:l 2.4.4, Agro-forestry areas

3. Forest and seminatural areas
3.1 Forests

! 3.1.1. Broad-leaved forest
- 3.1.2. Coniferous forest
[ 5.1.3. Mixed forest

3.2 Shrub and/or herbaceous vegetation as

l:l 3.2.1. Natural grassland

3.2.2. Moors and heathland
l:l 3.2.3. Scerophylious vegetation
l:l 3.2.4. Transitional woodiand shrub

3.3 Open spaces with little or no vegetation

3.3.1. Beaches, dunes, and sand plains

[ ] s32sarerc

| | 333 sparsely vegetated aress
- 3.3.4. Burnt areas

l:l 3.3.5. Glaciers and perpetual snow
4. Wetlands

4.1 Inland wetlands

- 4.1.1. Inland marshes
I -2 peat bogs

4.2 Coastal wetlands

l:l 4.2.1. Salt marshes

[ ] 422 saines
42,3, Interidal flats

5. Water bodies

5.1 Inland waters

5.1.1. Water courses
' 5.1.2. Water bodies

5.2 Marine waters

5.2.1. Coastal lagoons
5.2.2. Estuaries
|:’ 5.2.3. Sea and ocean

https://land.copernicus.eu/

sociations
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Pan-European Component

I1) High resolution layers:
 |mperviousness density (2009, 2012, 2015, 2018)
 Tree cover density (2012, 2015, 2018)
 Dominant leaf type (2012, 2015, 2018)

* Forest type (2012, 2015, 2018)
 Grassland (2015, 2018)

 Water and wetness (2015, 2018) ,_

‘hn:“' 7 e el
https://land.copernicus.eu/pan-european/high-resolution-layers
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Table 1. Comparison of general characteristics of previous and current land cover paradigms.

Land Cover 1.0 Land Cover 2.0

Limited data options in terms of spectral, spatial, and A broad range of data options
temporal resolutions

Limited data availability Mass data availably (free, open archives)

Significant time and resources required to pre-process Earth Standardized, analysis-ready data products to greatly
observation data reduce or eliminate the need for pre-processing

Pre-processing and classification approaches developed on  Increasingly standardized and transparent
an ad hoc basis, often unique to the group developing the  approaches
product or to the geographic area

Classification algorithms that are simplistic and make Advanced algorithms that are flexible and make
assumptions regarding the nature of the input data fewer assumptions regarding input data

High cost of data and processing Low cost of data and processing

Single date representation, state not trends Time series informed land cover, allows for both state

and trends

Lack of agreement between land cover and land change Integration of land change information into land
products cover product development

Products not systematically generated Systematically generated

Static products More frequent products

Periodically updated, not necessarily temporally integrated  Frequently updated and temporally integrated

Difficulties in disseminating derived products Ease of access and sharing of derived products

Wulder, 2018
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