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“The same rule of self-destructive financial calculation governs every walk of life. We destroy the 
beauty of the countryside because the unappropriated splendours of nature have no economic 
value. We are capable of shutting off the sun and the stars because they do not pay a dividend.”
John Maynard Keynes 1933

“ Because National Accounts are based on financial transactions, they account for nothing 
Nature, to which we don’t owe anything in terms of payments but to which we owe everything in 
terms of livelihood.”
Bertrand de Jouvenel 1968
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Land & Ecosystem ACcounting (LEAC)

� Land & ecosystem accounts are present in the UN syste m of 
economic-environmental accounts (SEEA2003) but not f ully 
developed

� Implementation of land and ecosystem accounts in Eu rope: 
� Land accounts 1990-2000 [2006], 24 countries; ongoing 

update for 2006 and 35 countrries; tests out of Europ e [e.g. 
Burkina Faso 1992-2002]; 

� Ecosystem accounts : ongoing tests [e.g. for Mediterranean 
Wetlands in the context of TEEB]

� Land and ecosystem accounts planned to be developed  in 
SEEA2012/2013 revision
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Land Cover Accounts

Do gains 
compensate 
for losses?

Loss of stock

e.g. by deforestation

Gain in stock

e.g. by afforestation

Has the quality of 
the stock been 
maintained?



The approach used to generate the LEAC record for 
stock



Change detection



Land cover change accounts: 
from maps to statistics

CORRESPONDANCE BETWEEN LAND COVER CHANGES (CLC LEVE L 3) AND THE LAND COVER FLOWS
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Summary indicators



Artificial land uptake



Comparison of artificial land uptake by countries



Mapping flows: urban sprawl, by grid

Patterns of urban sprawl 
across Europe, 
24 countries, 1990-2000, 
1km x 1km grid 
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Mapping flows: urban sprawl, by grid



Mapping & analysing flows

Data held on a standardised 
1km x 1km Europe wide grid which 
enables construction of a different 
‘zonal accounts’ including those for:

•Regions
•Biogeographical zones

•Mountain areas 
•Coastal zones

•Major sea basins 
•Dominant landscape types…
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e.g. land uptake by artificial development, NUTS2/3, 
deviation of the European average, mean annual values

ESPON HYPERATLAS - MULTISCALAR TERRITORIAL ANALYSIS 



Change in agriculture / indicators

 

Main annual flows of conversion between agriculture  
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CORE LAND COVER ACCOUNT

Soil

Flora & Fauna

Water system

Atmosphere/ 
Climate

ECOSYSTEM & LAND USE ACCOUNTS

Land use
economic & 
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functions 

Artificiality
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Intensity
of use

Ecosystem 
services

Ecosystem
potentials

Health (integrity, 
& viability)

Vulnerability

Production & 

Consumption

Natural Assets

Population

Infrastructures 

& Technologies

From land cover to land use & ecosystem accounting



Ecosystem Capital and Ecosystem Services…
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‘Ecosystem Services’

Maintenance 
and 

restoration 
costs

Economic and 
social values 
(sometimes 

market values). 

from Haines-Young 2006

‘Ecosystem Capital’



Ecosystem services classification
e.g. Millennium Ecosystem Assessment 2003

Common International Classification of Ecosystem Services definition process 
for SEEA2012/2013, MA2015, Eureca!2012, and other projects…



Values vs. Costs in Ecosystem Accounting



3 – Public Good: non-transferable rights on 
ecosystem good state (health, sustainable 
potential), non-rival, non-exclusive use

Valuation, 
Payments for

services [PES]

Payments for
restoring

ecosystem potential

1 – Produced & Non 
produced 

Assets/SNA: mostly 
private goods

Assets, services and values: 3 components

2 - Non produced 
Assets/ Other Services: 
mostly common goods
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Natural assets/ ecosystem capital
� Natural capital stocks, health/resilience, distance to objective 
(physical units, by sectors)
• Consumption of Ecosystem Capital /restoration costs  (€)
• Consumption of Ecosystem Capital concealed in imports/exports (€)
• NPV or market value of selected assets, SNA rules (NPV or market value of selected assets, SNA rules ( €€))

Supply & use of Supply & use of 
ecosystem ecosystem 
services by services by 
sectors, sectors, 
II--O analysis, O analysis, 
NAMEANAMEA

Functional Ecosystem Services
[Marketed & Non-market end use 

ES (physical units and €)]

Ecosystem Accounts, SEEA2003 & SNA

Sector accounts of ecosystem natural capital 

Sector accounts of flows of ecosystem services

Ecosystem RatingEcosystem Rating
& Aggregates& Aggregates

by
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Counts of Counts of 
ecosystem ecosystem 

integrity/healthintegrity/health
(focus on vigor, 

robustness, resilience, 
dependance from inputs, 

healthy populations  & 
stress)

Core accounts of Core accounts of 
assets & flowsassets & flows

� systems: land systems, 
rivers, soil, sea, 
atmosphere...
� components: biomass, 
water, C, N, P, species...

Material/energy flowsMaterial/energy flows
[biomass, water, nutrients, 
residuals, physical units]

SNASNA
sectorssectors

flowsflows
productsproducts

assetsassets

Impacts at the ecosystem

Feedbacks to the economy



Basic accounts of stocks and flows by ecosystem types

• Terrestrial ecosystems:
– land cover (km², number of land units)
– rivers (standard-river-km, number of reaches)
– small features (number of units)

• Marine ecosystem (km², km3)
• Biodiversity
• Biomass (dry matter, C, energy…)

– soil biomass
– vegetation (non soil)
– fauna

• Water quantity (m3)
• Nitrogen, Phosphorus (t)



Ecosystem health: counts of diversity/integrity

• Specific diagnosis
From selection of markers and threshold values according to habitat types, region, context
1. Homeostasis state (no alteration foreseen).
2. Resilience state (the disturbance that ecosystems are still able to absorb or 

compensate, keeping the same functions, identity and feedbacks (Walker, 2005).
3. Reversible process without compensation (degradation).
4. Irreversible change (death).

• Ecosystem Distress Syndrome model:
– Disruptions of nutrients cycling (loss or excess)
– Degradation of substrates (fragmentation, water stress, chemical stress)
– Change in species composition (invasive…)
– Dependence of systems from artificial input (energy, water, subsidies …)

• Focussed research of stressors
• overharvesting, overuse
• land/rivers restructuring
• deposition of residuals
• introduction of  species

• Physical wealth as 
stocks*coefficients 
(potential, resilience)



Biomass & NPP

• Anomalies, distress symptom
• Direct Material Consumption – Total Material Requirement (Material 

Flows Accounts) 
• HANPP
• ‘Supporting service’



Virtual (embodied) land use

Trends in EU virtual land flows: EU agricultural land use through 
international trade between 1995-2005. Manel van der Sleen, 
EEA 2009

Net virtual land use between EU and major trade par tners
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International Trade: Virtual land use & agriculture 
footprints

Source: Manel Van der Sleen, 2009 
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Integration of space monitoring into ecosystem accounting: 
land cover change x NPP x structure/texture x short time variability x 
stratification of in situ monitoring (biodiversity, water…)

Vegetation productivity, seasonal change 
(MERIS/JRC-IES)

Fires                                             D roughts 
(SPOT4-Vegetation/ CNES – Vito)
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Ecological truth & market prices in the National Accounts

Risks of unsustainable use of the living natural capital are ignored: the negative 
impacts of over-harvesting, force-feeding with fertilisers, intoxication, 
introduction of species, fragmentation by roads, or sealing of soil by urban 
development have no direct immediate monetary counterpart in financial 
results (but consequences for the future).

Natural capital depreciation is not fully amortised in accounting  books of 
companies and not at all in the national accounts – no allowance is made for 
maintaining ecosystems’ critical functions and services, as it is done for 
manmade capital. Therefore the full cost of domestic products is not covered 
in many cases by their price.

This is as well the case of the price of imported products made from degrading 
ecosystems: their full cost is not covered by their price.

Free ecosystem services are not accounted (the market tells: price is zero) or 
entangled in market prices of commodities or economic assets. 



Scales, accounts, governance

Impacts assessments, costs & 
benefits

Local government, Agencies 
assessment 

Corporate accounting results, 
rating, trade

Markets of specific ecosystem 
services, PES 

Accounting guidelines,  

norms

Action level:

Local scale, management,

Site level, case studies, 

Projects, 

Business

Clearing house on 

[1] ES prices & [2] ecosystem 
mitigation costs

Sector accounts 

Green taxes

Beyond GDP Accounting

SEEA 2012SEEA 2012

FrameworkFramework

National & regional 
government:

Environmental agencies,

Ministries of economy,  
Statistical offices, 

Courts

Global trade of ecosystem 
permits, IPES 

Programmes assessment (e.g. 
REDD)

International financial 
standards (for loans…)

Contribution to international 
organisations

Simplified accounts

Global scale:

International Conventions
monitoring 

Markets framing & 
regulation



Simplified ecosystem accounts

Markets need accounts, regulations [= control]

Land ecosystems are spatially distributed => grid d ata [e.g. 1 km2] 
connect scales

Globally, change matters [degradation or improvemen t of ecosystem 
functioning and attached cost or benefit], not the value of the stock

Global multicriteria rating is possible based on a small number of 
ecological potentials  [derived from ecosystem acco unts]:

Landscape ecological potential [LEP]Landscape ecological potential [LEP]
�� Human Appropriation of the Net Primary ProductionHuman Appropriation of the Net Primary Production
�� Biodiversity rarefactionBiodiversity rarefaction
�� Exergy loss [river basins]Exergy loss [river basins]
�� Dependance from external inputs [material/energy, Dependance from external inputs [material/energy, footprint]footprint]

���� losses/gains of “points of ecological potential”

���� computation of restoration costs [needed for compen sating 
losses // or accumulated by gains of points]

Rating can be detailed further on as necessary for policy [national, 
regional] and action scales [local, business]



Simplified Ecosystem Accounts : a “Cubist” Approach 

Multi-criteria
rating

G
eorges B

raque –
H

arbour
in 

N
orm

andy, 1909

Water Index
(exergy loss

from evaporation 
& pollution)

Bio-productivity 
Index

(carbon, biomass, 
diversion from

Nature)

Biodiversity 
Index

(rarefaction,
loss of 

adaptability)

Dependency 
Index 

(land, soil, energy,
water, N,P,K...)

Landscape 
Index 

(the Landscape
Ecological 
Potential)

Health Index
(human, wildlife 

and plants 
populations)

Total 
Ecological 
Potential 
(terrestrial 

ecosystems)

Total 
Ecological 
Potential 
(terrestrial 

ecosystems)

Health Index
(human, wildlife 

and plants 
populations)

Water Index
(exergy loss

from evaporation 
& pollution)

Landscape 
Index 

(the Landscape
Ecological 
Potential)

Bio-productivity 
Index

(carbon, biomass, 
diversion from

Nature)

Biodiversity 
Index

(rarefaction,
loss of 

adaptability)

Dependency 
Index 

(land, soil, energy,
water, N,P,K...)

Consumption of Ecosystem Capital = Change in TEP * €
No valuation of ecosystem assets is needed



Similar approach in Spain (Escriu, Naredo…) for 
water ecosystems

Cuentas físicas y cuentas monetarias

Coste ambiental de la DMA = CAR1 + CAR2 + CAR3
Coste de las “medidas efectivas” para conseguir el objetivo de la DMA 

incorporadas al 
Programa de Medidas del Plan de Gestión de Cuenca

Coste medidas 
mitigadoras del impacto 
de los usos 
sobre el medio acuático
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Coste medidas 
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Multicriteria rating 

Multi-criteria
rating



Virtual 
Consumption of 

Ecosystem Capital 
in

Imports - Export

Depletion
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Example: making of Landscape Ecological Potential 
(1/6)

Corine land cover map 
(derived from satellite 
images)

Green Background 
Landscape Index (derived 
from CLC) 

Naturilis (derived from 
Natura2000 & CDDA) 

Effective Mesh Size 
(MEFF, derived from 
TeleAtlas and CLC) 

Landscape Ecological 
Potential (LEP) 2000, by 
1km² grid cell

LEP 2000 by NUTS 2/3

Catchments
Exergy 

Loss
(from water 
evaporation 
& pollution)

Carbon, 
Biomass

(productivity, 
biomass 

diverted from
Nature, HANPP)

Biodiversity
Rarefaction

(loss of 
adaptability)

Ecosystem 
Dependency 

(land, soil, energy,
water, N,P,K...)

Landscape 
Ecological 
Potential

(the landscape
radiography)

Healthy
Populations

(human and 
wildlife)

Catchments
Exergy 

Loss
(from water 
evaporation 
& pollution)

Carbon, 
Biomass

(productivity, 
biomass 

diverted from
Nature, HANPP)

Biodiversity
Rarefaction

(loss of 
adaptability)

Ecosystem 
Dependency 

(land, soil, energy,
water, N,P,K...)

Landscape 
Ecological 
Potential

(the landscape
radiography)

Catchments
Exergy 

Loss
(from water 
evaporation 
& pollution)

Carbon, 
Biomass

(productivity, 
biomass 

diverted from
Nature, HANPP)

Biodiversity
Rarefaction

(loss of 
adaptability)

Ecosystem 
Dependency 

(land, soil, energy,
water, N,P,K...)

Landscape 
Ecological 
Potential

(the landscape
radiography)

Healthy
Populations

(human and 
wildlife)

Healthy
Populations

(human and 
wildlife)



Example: making of Landscape Ecological Potential 
(2/6)
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Example: making of Landscape Ecological Potential 
(3/6)

Corine land cover map 
(derived from satellite 
images) 
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Example: making of Landscape Ecological Potential 
(4/6)

Corine land cover map 
(derived from satellite 
images) 
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Example: making of Landscape Ecological Potential 
(5/6)

Corine land cover map 
(derived from satellite 
images) 
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Example: making of Landscape Ecological Potential 
(6/6)

Corine land cover map 
(derived from satellite 
images) 
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1990

Landscape Ecological Potential 1990-2000, 1km² grid
(Source: Ecosystem Accounting for Mediterranean Wetlands, an EEA feasibility study for TEEB)

In brown grades, first clues of “ecosystem capital consumption”
Which will be validated with other “cube” indicators
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1990Change 
1990-2000

LEP, state and change, local scale

Legend

Camargue Regional Park, France

Change in net LEP 1990 to 2000    
1 km ² grid, range :  -100 to +100   

Improvement/ Highest : 47

Degradation/ Lowest : -33

Natural Park of Natural Park of CamargueCamargue (France)(France)   
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(Source: Ecosystem Accounting for Mediterranean Wetlands, an EEA feasibility study for TEEB)

In brown grades, first clues of “ecosystem capital consumption”
Which will be validated with other “cube” indicators
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Data Integration for Ecosystem Accounting

Ecosystem Services

Use of 
Inland

Resources

Ecosystems

Inland 
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Functions 

Geographical patterns
(crisp and dominant land 

cover, land functional units, 
superficial information, 

exhaustive…)

Statistical aggregations
(socio-economic units, coarse 

landscape breakdowns, 
standardised information, 

exhaustive)

Case studies & 
Samples 

(ad hoc, thorough 
information, non-

exhaustive)



Statistics and geography: pieces into a picture



Land: 4 main classifications (LG, Canberra 2009)

Land Use
Main productive Land Use

Agriculture and Forest: existing FAO classification (access to 40 years of 
statistics)

Artificial uses: UNECE LU classification 
Linkage to ISIC and CPC

Land Cover
International standard limited to 15-20 classes
Translation of Corine land cover types into FAO LCCS rules

Land Cover Flows (changes grouped by processes)
“consumption” & “formation” of land cover

To be finalised by EEA and FAO on the basis of existing similar 
presentations (resp. Land accounts in Europe and FAO-Africover)

Land Functions
Multiple uses of a same piece of land, productive and not productive
Close linkage to Ecosystem Services



Land use and non-productive land functions: supply of 
ecosystem services by land cover types
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Correspondence between classifications

Ecosystem
(inland ecosystems, sea, atmosphere)

Land Functions & Ecosystem Services

Non productive land functions

Land Cover
(biophysical landscape)

Land Use
(productive land functions)

Physical 
Statistics of 

Products

Monetary 
Statistics of

Products

Main 
nomenclatures for 
land accounting 
and their relations



Importance of accounting by catchments – an 
example

The total water resource of the country 10 
lakes distributed over 2 catchments . The 
western catchment with 2 lakes is close to 
a scarcity threshold while water resource 
is abundant in the eastern catchment (8 
lakes).

Scenario A: 1 lake is lost in the east

Scenario B: 1 lake is lost in the west. 

x

x

Resource loss of 1 lake in the eastern
catchment

(a) Aggregated national loss (without 
catchments): (10-9)% = 10%

(b) National average of loss by catchments:     
(2-2)% + (9-8)%

2

= 5.5%

Resource loss of 1 lake in the western
catchment

(a) Aggregated national loss (without 
catchments): (10-9)% = 10%

(b) National aggregation of loss by 
catchments: (2-1)% + (9-9)%

2

= 25%

West                                               East



Time frame: e.g. water resource/demand

Mean annual values may tell the same stories for very different conditions

(e.g. no water shortage in this river in both cases)
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Possible use of spatial disaggregation

population data from NUTS5 disaggregated to CLC clas ses are 
provided by JRC for 1990 & 2000 (CLC time reference)

Source: GISAT for EEA; 2006



Snapshot of Corine Land Cover 
Colombia



Short term: GlobCover/ GlobCorine


