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1. Why is Land Cover Information so 
difficult?
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� Our world is infinitely complex , and it is made by multiple 
interaction of myriads of phenomenon that go from de atomic 
scale to geographical scale

� It is constantly changing (plant fenology, agricultural cycles, 
climatology, human action…)

� Land Cover is related both with Cover and Uses

� Land Cover Information uses concepts and terms :

With “fuzzy ” definitions and significances

From science and technique as well as everyday use
Changing from one place to another of the world (same term for 
different thing and different terms for same thing)
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� Land Cover Information needs to “mix” concepts and terms from 
many different thematic fields:

Geology,  Geomorphology,  Edaphology
Hidrography,  Hydrology
Botanics,  Agriculture
Forestry,  Ecology,  Chemistry
Urban Planning,  Economic Activity
Infrastructures
Architecture
Climatology
Etc….
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2. First solution: Land Cover Classifications
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Introductory example:  database of “people”



8 8October 2007 GMES Land User meeting

� ����������	���	
���	�
���


- fat

- medium weigh

- thin

weight

- tall
- medium height

- small

height

- man
- woman

gender

Possible valuesCharacteristic
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Number of classes = 2 x 3 x 3 = 18

1. Men
1.1.Tall men

1.1.1. Tall and fat men
1.1.2. Tall and medium weight men
1.1.3. Tall and thin men

1.2. Medium height men
1.2.1. Medium height and fat men
1.2.2. Medium height and medium weight men
1.2.3. Medium height and thin men

1.3. Small men
1.3.1. Small and fat men
1.3.2. Small and medium weight men
1.3.3. Small and thin men

2. Women
2.1.Tall women

2.1.1. Tall and fat women
2.1.2. Tall and medium weight women
2.1.3. Tall and thin women

2.2. Medium height women
2.2.1. Medium height and fat women
2.2.2. Medium height and medium weight women
2.2.3. Medium height and thin women

2.3. Small women
2.3.1. Small and fat women
2.3.2. Small and medium weight women
2.3.3. Small and thin women
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LEVEL 1 LEVEL 2 LEVEL 3 LEVEL 4
1.1.1.1 Residential continuous dense urban fabric.
Residential structures cover more than 80% of the total surface. More than 50% of  
the buildings have three or more stories.

1.1.1.2 Residential continuous medium dense urban fabric.
Residential structures cover more than 80% of the total surface. Less than 50% of  
the buildings have three or more stories.

1.1.1.3 Informal settlements

1.1.2.1 Residential discontinuous dense urban fabric.
Buildings, roads and art if icially surface areas cover between 50% and 80% of  the 
total surface area of the unit.

1.1.2.2 Residential discontinuous sparse urban fabric.
Buildings, roads and art if icially surface areas cover between 10% and 50% of  the 
total surface area of the unit. The vegetated areas are predominant by but is not 
land dedicated to forestry or agriculture.

1.1.2.3 Residential urban blocks

1.1.2.4 Informal discontinuous residential structures

1.1. Urban fabric: 1.  ARTIFICIAL 
AREAS

1.1.1. Continuous urban fabric:
Most of  the land is covered by structures and transport network. 
Buildings, roads and artificially surface areas cover more than 
80% of  the total surface. Non-linear areas of vegetation and bare 
soil are exceptional

1.1.2 Discont inuous urban fabric
Most of  the land is covered by structures. Buildings, roads and 
art if icially surface areas are associated with vegetated areas and 
bare soil, which occupy discontinuous but signif icant  surfaces. 
Between 10% and 80% of  the land is covered by residential 
structures.
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This is exactly the methodology used in most LC databases
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Other possible characteristics to be considered:
- nationality
- age
- study level
- work
- residence
- eyes color
- hair color
- diseases
- married ?
- number of sons
- hobbies
- religion
- etc, etc, etc…..
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¿What would be the number of classes needed?

250 * 100 * 4 * 100 * 250 * 5 * 4 * 20 * 4 * 10 * 20 * 10 = 
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¿What would be the number of classes needed?

250 * 100 * 4 * 100 * 250 * 5 * 4 * 20 * 4 * 10 * 20 * 10 = 

8,000,000,000,000,000 = 8 * 1015 classes !!
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Would these classes be useful in practice ?

� not at all !!
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3. Problems experienced during the:

- Design
- Production

- and Use
of Hierarchical Classification Land Cover databases 



1616October 2007 GMES Land User meeting

Proliferation of�“difficult to use” classes, due to the multiple 
“crossings ” of several classification criteria
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This has been a great problem in the effort to develop and use of 
Spanish 5 level 84 classes developed for CLC2000
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Complex definitions, in which several “classification rules” apply 
simultaneously, cause incoherencies:
- “overlapping definitions” (some polygons can be assigned to more than 
one class)
- “un-definitions” (some polygons cannot be assigned to any of the 
classes)

- E.g.: Moland 1.1.1.1. Residential continuous dense urban fabric:
- Most of the land is covered by structures and transport network.
- Buildings, roads and artificially surface areas cover more than 80% of the total 
surface
- Non-linear areas of vegetation and bare soil are exceptional
- Residential structures cover more than 80% of the total surface
- More than 50% of the buildings have three or more stories.”
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Information stored in the database is much less than information 
acquired by the photointerpreter:

E.g.: The photointerpreterevaluates a certain polygon’s trees percentage
as 85 %,and in consequence he labels it as Corine 3.1.1. “Broad-leaved 
forest”.

… But the user only receivesthe information
that trees are “more than 30 %”
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Need to create “mixed classes ”, due to the obligation to assign a 
single class to mixed polygons

E.g: “Mixed forest”, “Complex cultivation patterns”,…

- Mixed classes provide little information to user:

E.g.: “Complex cultivation patterns”,…???

- Mixed classes lead to erroneous conclusions in the use of the 
database:
E.g.: If one wants to know how many vineyardsthere are in a certain 
region, he will search for the class 2.2.1: “Vineyards”. But there can also 
be plenty of vineyards “hidden” in other classes as: 2.2.3: “Olive groves”
(which includes the association of olives trees and vines); 2.4.2: “Complex 
cultivation patterns”, etc…
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Important spatial variations in certain parameters values do not
appear in the database if this variations do not “cross” the “threshold 
line”
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- E.g.: Urban areas with very 
different levels of 
building densities(as 
10 %and 50 %)have to 
be assigned to the same
Moland class(1.1.2.2. 
Residential 
discontinuous sparse 
urban fabric.)
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Important temporal changes do not appear in the changes 
database , because:

- These changes do not “cross” the “definition rule ” threshold.

E.g.: If the building density of a polygon has increased from 11% to 79 %
in the time between 2 revisions of the database, this polygon is labeled as 
Corine ś 1.1.2. “Discontinuous urban fabric”, in both databases, and so no 
change is registered.

and/or:

- These changes are “hidden” in polygons assigned to dominant 
classes or to mixed classes.
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Many parameters and “Indicators ” could be calculated from the 
values of the parameters appearing in class definitions (sometimes 
“crossing” them with exogenous information such as population, 
etc…).

Eg:
• building density(m3/m2)in an area
• m2 of building per personin an area
• average heightof buildings in a town
• % of impervious surfacein an area
• % of treesin a forest
• m2 of green areas per personin an area
• land take bytransport infrastructures in a city
• etc…
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Land Cover Classifications do not allow calculating these indicators, 
because de real values of the different parameters are not stored
in the database (only “thresholds”) :

E.g: You can not divide “Artificially surfaced areas are more than 80 %” by a 
surface
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It is impossible to compare, “translate ” or mosaic two databases 
built with different Nomenclatures :

E.g.: When we have a 3.1.1. “Broad leaved forest” polygon in Corine (defined 
as having more than 30 % of canopy closure)

®®®® there is no way to knowif it should be labeled as “Forest” in a 
database with a different Nomenclature where “forests” are defined as 
“ more than 50 % of canopy closure”.
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If one wants to derive a smaller scale database (through a 
“generalization” process), one must aggregate polygons into bigger 
ones.

But there is no way to automatically derive the class of the 
resultant polygon :

E.g: A polygon classified as Corine ś1.1.1(“Continuous urban fabric”) 
aggregated with a polygon classified as 1.1.2 (“Discontinuous urban 
fabric”) could result in an aggregated polygonthat should be classified as 
1.1.1or 1.1.2.

There is no way to know, without repeating the interpretation !
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4.  LCCS approach
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� Land Cover Classification System (LLCS) has been developed 
by FAO in an effort to solve the problems associated with existing 
Classification databases.

� LCCS establishes a standardized comprehensive system that 
allows one to build, “a priori” classification “nomenclatures”
and “legends ” in a more rigorous and coherent way
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� LCCS correctly exposes some of the problems of Land Cover 
classifications mentioned before

� In particular, it addresses and solves quite well

Problem Number 2 (Class definitions incoherencies)
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� LCCS goes beyond traditional Hierarchical Classification 
nomenclatures…..
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.. But there are still many remaining problems…



3232October 2007 GMES Land User meeting

• Information lost
• Mixed classes problems

• Spatial variations not registered

• Temporal variations not detected

• Parameters and Indicators calculations not possible
• Database mosaicking not possible

• Automatic generalization not possible
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“Proprietary”, not standard “language”
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5. Proposed solution:
Object-Oriented data models 
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5. Proposed solution:
Parametric Object-Oriented data models
(POODM)
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Characteristics to be considered:
- nationality
- age
- study level
- work
- residence
- eyes color
- hair color
- diseases
- married ?
- number of sons
- hobbies
- religion
…….…..
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- Gender :    controlled list (man, women)
- Height (m):   real
- Weigh (Kg):   real
- Nationality :   controlled list (country table)

- Age (years):   integer
- Study level :   controlled list
- Work :   controlled list
- Residence :   text
- Eyes color :   controlled list
- Hair color :   controlled list
- Diseases :   controlled list
- Married :   boolean

- Number of sons :   integer
- Hobbies :   controlled list
- Religion :   controlled list

People
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• A data model is the description of what we are storing in a 
database and how.

• It is the “link ” between reality and the Database
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• “Object Orientation ” is the standard in Computer Science today

• Parametric Object Oriented Data Models (POODM) are used 
extensively in every type of databases and Information 
Systems (airports, hospitals, production facilities,..)….

….including “some” GIS databases
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� The standard for Object Oriented Models
� Used by ISO in their standards   



4141October 2007 GMES Land User meeting

� Principal relationships between classes:

Inheritance (Generalization / Specialization): A class inherits (or 
specializes) the state and behavior of another class 

Aggregation : allows to capture the structural relationships
among entities in the real world (part-of)

Association : allows to capture other kinds any of relationships 
among entities in the real world
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� Example: Three features (Property Parcel, Building and 
Loan)
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• POODM allow an unprecedented flexibility and capability in 
de design and use of very complex Information Systems

• Up to now (to our knowledge) POODM have not been used for 
Land Cover Information
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• POODM is the best technology to address the great 
complexity of Land Cover information:

Represent the “systemic ” nature of the world

Define “objects ” of different scales (Covers, Elements,…) 
and the relations between them

Assign attribute values to each one of these “objects” in a 
structured and organized way
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� UML (Universal Modeling Language) lets us express, 
store, modify, extend,… this structure easily and make 
it understandable by anybody
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LEVEL 1 LEVEL 2 LEVEL 3 LEVEL 4
1.1.1.1 Residential continuous dense urban fabric.
Residential structures cover more than 80% of the total surface. More than 50% of  
the buildings have three or more stories.

1.1.1.2 Residential continuous medium dense urban fabric.
Residential structures cover more than 80% of the total surface. Less than 50% of  
the buildings have three or more stories.

1.1.1.3 Informal settlements

1.1.2.1 Residential discontinuous dense urban fabric.
Buildings, roads and art if icially surface areas cover between 50% and 80% of  the 
total surface area of the unit.

1.1.2.2 Residential discontinuous sparse urban fabric.
Buildings, roads and art if icially surface areas cover between 10% and 50% of  the 
total surface area of the unit. The vegetated areas are predominant by but is not 
land dedicated to forestry or agriculture.

1.1.2.3 Residential urban blocks

1.1.2.4 Informal discontinuous residential structures

1.1. Urban fabric: 1.  ARTIFICIAL 
AREAS

1.1.1. Continuous urban fabric:
Most of  the land is covered by structures and transport network. 
Buildings, roads and artificially surface areas cover more than 
80% of  the total surface. Non-linear areas of vegetation and bare 
soil are exceptional

1.1.2 Discont inuous urban fabric
Most of  the land is covered by structures. Buildings, roads and 
art if icially surface areas are associated with vegetated areas and 
bare soil, which occupy discontinuous but signif icant  surfaces. 
Between 10% and 80% of  the land is covered by residential 
structures.

Density thresholds

Land Cover Elements

Percentage of polygon occupation

Attributes
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LEVEL 1 LEVEL 2 LEVEL 3 LEVEL 4
1.1.1.1 Residential continuous dense urban fabric.
Residential structures cover more than 80% of the total surface. More than 50% of  
the buildings have three or more stories.

1.1.1.2 Residential continuous medium dense urban fabric.
Residential structures cover more than 80% of the total surface. Less than 50% of  
the buildings have three or more stories.

1.1.1.3 Informal settlements

1.1.2.1 Residential discontinuous dense urban fabric.
Buildings, roads and art if icially surface areas cover between 50% and 80% of  the 
total surface area of the unit.

1.1.2.2 Residential discontinuous sparse urban fabric.
Buildings, roads and art if icially surface areas cover between 10% and 50% of  the 
total surface area of the unit. The vegetated areas are predominant by but is not 
land dedicated to forestry or agriculture.

1.1.2.3 Residential urban blocks

1.1.2.4 Informal discontinuous residential structures

1.1. Urban fabric: 1.  ARTIFICIAL 
AREAS

1.1.1. Continuous urban fabric:
Most of  the land is covered by structures and transport network. 
Buildings, roads and artificially surface areas cover more than 
80% of  the total surface. Non-linear areas of vegetation and bare 
soil are exceptional

1.1.2 Discont inuous urban fabric
Most of  the land is covered by structures. Buildings, roads and 
art if icially surface areas are associated with vegetated areas and 
bare soil, which occupy discontinuous but signif icant  surfaces. 
Between 10% and 80% of  the land is covered by residential 
structures.

Density thresholds :

- somewhat “arbitrary”

- class proliferation
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LEVEL 1 LEVEL 2 LEVEL 3 LEVEL 4
1.1.1.1 Residential continuous dense urban fabric.
Residential structures cover more than 80% of the total surface. More than 50% of  
the buildings have three or more stories.

1.1.1.2 Residential continuous medium dense urban fabric.
Residential structures cover more than 80% of the total surface. Less than 50% of  
the buildings have three or more stories.

1.1.1.3 Informal settlements

1.1.2.1 Residential discontinuous dense urban fabric.
Buildings, roads and art if icially surface areas cover between 50% and 80% of  the 
total surface area of the unit.

1.1.2.2 Residential discontinuous sparse urban fabric.
Buildings, roads and art if icially surface areas cover between 10% and 50% of  the 
total surface area of the unit. The vegetated areas are predominant by but is not 
land dedicated to forestry or agriculture.

1.1.2.3 Residential urban blocks

1.1.2.4 Informal discontinuous residential structures

1.1. Urban fabric: 1.  ARTIFICIAL 
AREAS

1.1.1. Continuous urban fabric:
Most of  the land is covered by structures and transport network. 
Buildings, roads and artificially surface areas cover more than 
80% of  the total surface. Non-linear areas of vegetation and bare 
soil are exceptional

1.1.2 Discont inuous urban fabric
Most of  the land is covered by structures. Buildings, roads and 
art if icially surface areas are associated with vegetated areas and 
bare soil, which occupy discontinuous but signif icant  surfaces. 
Between 10% and 80% of  the land is covered by residential 
structures.

Simple components:

- not structured

- not explicit (“hidden” in de definitions of 
the classes)

- incomplete

- not “extensible” (one can not subdivide a 
component in different types)
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LEVEL 1 LEVEL 2 LEVEL 3 LEVEL 4
1.1.1.1 Residential continuous dense urban fabric.
Residential structures cover more than 80% of the total surface. More than 50% of  
the buildings have three or more stories.

1.1.1.2 Residential continuous medium dense urban fabric.
Residential structures cover more than 80% of the total surface. Less than 50% of  
the buildings have three or more stories.

1.1.1.3 Informal settlements

1.1.2.1 Residential discontinuous dense urban fabric.
Buildings, roads and art if icially surface areas cover between 50% and 80% of  the 
total surface area of the unit.

1.1.2.2 Residential discontinuous sparse urban fabric.
Buildings, roads and art if icially surface areas cover between 10% and 50% of  the 
total surface area of the unit. The vegetated areas are predominant by but is not 
land dedicated to forestry or agriculture.

1.1.2.3 Residential urban blocks

1.1.2.4 Informal discontinuous residential structures

1.1. Urban fabric: 1.  ARTIFICIAL 
AREAS

1.1.1. Continuous urban fabric:
Most of  the land is covered by structures and transport network. 
Buildings, roads and artificially surface areas cover more than 
80% of  the total surface. Non-linear areas of vegetation and bare 
soil are exceptional

1.1.2 Discont inuous urban fabric
Most of  the land is covered by structures. Buildings, roads and 
art if icially surface areas are associated with vegetated areas and 
bare soil, which occupy discontinuous but signif icant  surfaces. 
Between 10% and 80% of  the land is covered by residential 
structures.

Attributes:

- not structured

- not explicit in the database (“hidden” in de definitions of 
the classes)

- incomplete

- actual values not stored (only “ranges”)

- not “extensible” (one can not add new attributes)
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LEVEL 1 LEVEL 2 LEVEL 3 LEVEL 4
1.1.1.1 Residential continuous dense urban fabric.
Residential structures cover more than 80% of the total surface. More than 50% of  
the buildings have three or more stories.

1.1.1.2 Residential continuous medium dense urban fabric.
Residential structures cover more than 80% of the total surface. Less than 50% of  
the buildings have three or more stories.

1.1.1.3 Informal settlements

1.1.2.1 Residential discontinuous dense urban fabric.
Buildings, roads and art if icially surface areas cover between 50% and 80% of  the 
total surface area of the unit.

1.1.2.2 Residential discontinuous sparse urban fabric.
Buildings, roads and art if icially surface areas cover between 10% and 50% of  the 
total surface area of the unit. The vegetated areas are predominant by but is not 
land dedicated to forestry or agriculture.

1.1.2.3 Residential urban blocks

1.1.2.4 Informal discontinuous residential structures

1.1. Urban fabric: 1.  ARTIFICIAL 
AREAS

1.1.1. Continuous urban fabric:
Most of  the land is covered by structures and transport network. 
Buildings, roads and artificially surface areas cover more than 
80% of  the total surface. Non-linear areas of vegetation and bare 
soil are exceptional

1.1.2 Discont inuous urban fabric
Most of  the land is covered by structures. Buildings, roads and 
art if icially surface areas are associated with vegetated areas and 
bare soil, which occupy discontinuous but signif icant  surfaces. 
Between 10% and 80% of  the land is covered by residential 
structures.

Percentage of polygon occupation:

- sometimes expressed vaguely

- actual values not stored in database

- not explicit (“hidden” in the definition of the classes)
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Land Cover elements:

- complete

- structured

- explicit

- extensible

Attributes:

- complete

- structured

- explicit

- exact values measured

and stored in database

- extensible

Percentage of polygon 
occupation:

- explicit

- expressed rigorously:

(type: real, integer, boolean, list,…)

- exact values measured and

stored in database
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• From the “Conceptual Model” in an UML diagram an expert in 
Relational Databases can easily derive a “Physical 
Implementation ” in any standard RDBMS

• This RDB stores all the objects and attributes in a structured 
and robust way, and allows to interact with all these data 
through:
• SQL queries
• Different databases “crossing”
• Interaction with an specific “application”
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� The use of POODM for Land Cover Information has been 
developed, tested and is working in the Spanish SIOSE Project
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� We are presenting here an “evolution” of SIOSE Data Model, 
designed to allow for:

Different scales
Different geographical areas
Different needs
Different production methodology
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� CORINE Land Cover and other Classification databases, can be 
obtained automatically from the Object Oriented database, through 
the adequate SQL queries
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6. Adequacy to GMES data flows 
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YESYes, but not applicable 
because of point 2.

3. Semantic 
generalization

2. Extensible data 
model (for specialized 
fields needs)

1. Spatial 
generalization

Need

YESNO
- Proliferation of�unusable classes, 
due to the multiple “crossings” of 
several classification criteria
- It is impossible to add external 
information from a specialized field 
to a HC database

YESNO
When we aggregate polygons into 
bigger ones, there is no way to 
automatically derive the class of 
the resultant polygon

Object Oriented
Data Models

Land Cover 
classifications
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YES
One can update certain “covers” or 
attributes of an Object Oriented 
database more frequently. E.g:

- urban fabric: 1 year
- forest trees: 5 years

NO

Each polygon has a single attribute: the 
class label. Is has to be updated at once

4. Different update 
periods

YES
The mean of continuous value variables for 
each polygon´s area can then be input and 
stored in the OODM database as a 
parameter that qualifies each polygon

NO
Each polygon has a single attribute: the 

class label

6. Integration with 
remote sensing 
automatically derived 
parameters

5. Multilayer 
geoprocessing

Need

YESNO
It is not possible to calculate derived 
Parameters (and agri-environmental 
indicators)  based on database's 
parameter values, because these values 
are not stored in the database

Object Oriented
Data Models

Land Cover 
classifications
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YES

One can translate existing 
classifications to a common POODB

NO

There is no way to know de label of a 
polygon in a DB with a different 
Nomenclature

7. Mosaicking of 
existing Land Cover 
databases

Need Object Oriented

Data Models

Land Cover 
classifications
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