
Program

Morning:

• Recap on extent

• Condition account + exercise in ARIES for SEEA Explorer

• Coffee: 10.30-11.00

• Modeller: uploading shapefile + semantic annotation

Lunch: 12:30-13:30 lunch 

Afternoon:

• Break-up per country

• Coffee: 15.00 -15.30

• ES recap
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Land accounts



SEEA land accounts
• Multiple accounts:

> Physical asset accounts
⁻ Land cover
⁻ Land use
⁻ Ownership

> Monetary asset account

• Different formats of land accounts:
> Asset accounts 
> Change matrices

• Accounts – but derived from underlying maps

• Land accounts should be complete (cover whole territory of the country)



Land cover
• The observed physical and biological cover of the 

Earth’s surface and includes natural vegetation 
and abiotic (non-living) surfaces

• Current land cover is a function of natural 
changes in the environment and of 
previous and current land use

• Sometimes combined with land use

• SEEA Land cover classification (interim)

• Based on definitions from the Land Cover 
Classification System (LCCS) of the FAO



Land use
• Land use

> reflects both (i) the activities undertaken and (ii) the 
institutional arrangements put in place; for a given area for 
the purposes of economic production, or the maintenance and 
restoration of environmental functions

> Land that is “used” implies existence of some human 
intervention, including active management, e.g. 
protected areas

> Comprehensive: includes land in use and land not in use

• Differences with land cover: 
> Clear-cutting
> Forest (part is protected area; part is used for logging)

• Categories not defined on economic activity, but rather 
general purpose and role of the user of the area 

> If multiple uses, go with primary/dominant use



Land asset account: basic form
• Managedà due to 

human activity

• Naturalà resulting 
from natural 
processes

• Reappraisalsà
reflect changes due 
to use of updated 
information (e.g. 
new satellite 
imagery)

• Most countries 
only distinguish 
additions and 
reductions



Asset accounts: example South Africa

Broad land cover classes 
(tier 1) 

Natural or semi-
natural Cultivated Built-up Waterbodies* TOTAL 

Opening stock 1990 100 710 016 16 156 026 3 003 883 2 096 528 121 966 453 
Additions to stock 3 366 559 1 991 959 597 238 288 754 6 244 510 
Reductions in stock 2 540 175 2 339 226 400 503 964 606 6 244 510 
Net change in stock 826 384 (347 267) 196 735 (675 852)  
Net change as % of opening 0.8% -2.1% 6.5% -32.2%  
Unchanged (opening - 
reductions) 98 169 841 13 816 800 2 603 380 1 131 922  
Unchanged as % of opening 97.5% 85.5% 86.7% 54.0%  
Turnover (additions + 
reductions) 5 906 734 4 331 185 997 741 1 253 360  

Turnover as % of opening 5.9% 26.8% 33.2% 59.8%  
Closing stock 2014 101 536 400 15 808 759 3 200 618 1 420 676 121 966 453 

 

• Most countries only distinguish additions and reductions

Source: Statistics South Africa 2020



Land account change matrix: example India
• Extremely useful and policy relevant, as it shows conversions 

Source: India Policy Brief 2021



Physical asset account for forest (and other wooded) land
• Distinguishes different types of 

forests
> Primary forest
> Planted forest
> Other woodland

• Sometimes distinguish between 
different species

• Ideally consistent with land 
account

• Follows FAO definition of forest
> Afforestation
> Deforestation

• Expressed in ha



Ecosystem Extent Accounts



Land accounts vs ecosystem extent accounts

• Land cover/use data required for deriving ecosystem extent account:
> Land cover is a fundamental layer, but extent requires more.
> Identification of ecosystem types through delineation of various ecosystem 

characteristics (temperature, aridity, topography/elevation maps)
> Example: land cover = trees; temperature > 30 C = tropical forest

• SEEA EA recommends IUCN GET (Global Ecosystem Typology) as reference 
classification

> Realms (terrestrial) ->  biomes (tropical forest) ->  Ecosystem Functional 
Groups -> montane tropical forest

> 98 different EFGs
> National classifications (vegetation, ecozones) can be linked



2 Approaches for compiling extent accounts

• A: Model extent on the basis of a multi-dimensional look-up table
> Inputs: land cover; DEM; climate data, etc. 
> Model derives which ecosystem type is to be found where.
> Ecosystem boundaries dynamic: e.g. can change due to climate change

⁻ pros: fully aligned with SEEA (e.g. directly derive IUCN GET classes); easy to derive other 
accounts in ARIES. 

⁻ cons: no ecological ground-truthing i.e. ecosystem types are predicted by the model; 
conversion assumed to be instantaneous

• B: Assess land cover change within static biome/ecosystem type boundaries, a disaggregation of the 
land account

> Historic ecosystem types boundaries function as Ecosystem Accounting Areas
> Needs authoritative ecosystem map

⁻ pros: consistency with RLE assessment; can be done in ARIES but also in Arc/QGIS
⁻ cons: may require additional cross-walk to IUCN GET; may be difficult to define / obtain a 

historical extent



1: Keith, D. et al. 2020. IUCN Global Ecosystem Typology 2.0. IUCN: Gland, Switzerland. - 2: Using thresholds from Sayre, R., et al. 2020. An assessment of the representation of 
ecosystems in global protected areas using new maps of World Climate Regions and World Ecosystems. Global Ecology and Conservation 21:e00860.

Maps 29 ecosystem functional groups 
(EFGs, primarily terrestrial & wetland)

based on IUCN GET 2.0 methods.1
Consulted virtually with D. Keith & 

colleagues.

Methods

Net change, additions & reductions, change 
matrix for ecosystems & land cover types

Outputs

Lookup table to model IUCN EFGs, based 
on: temperature, landform, elevation, 

aridity, land cover2, ca. 1992-2019

Data

Expanding to 39 terrestrial/wetland EFGs, 
including all forest EFGs, collaborating with 

IUCN GET team, expand to further 
freshwater/marine EFGs in future

Current work

ARIES for SEEA extent model



Multi-dimensional look-up table
IUCN Global Ecosystem Typology  v. 2.0 

(SEEA)
ARIES 
ecosystem 
types

ARIES Ecosystem Types Parameters

Level 1 
(realms)

Level 2 
(biomes)

Level 3 
(functional 
group)

Landcover Aridity 
index

Annual 
mean 
temperatur
e (degree 
C)

Landform Elevation 
(m)

T1.1 Tropical-
subtropical 
lowland 
rainforest

Tropical-
subtropical 
lowland 
rainforest Forest > 0.65 > 18

all but 
mountain all

T1.2 Tropical-
subtropical dry 
forests & 
thicket

Tropical-
subtropical 
dry forest 
and thicket Forest

0.05-
0.65 > 18 all all

T1.3 Tropical-
subtropical 
montane 
rainforests

Tropical-
subtropical 
montane 
rainforest Forest > 0.65 > 18 mountain all



Land cover data

• A key objective of accounting is to assess changes over time. This requires:
> a time series of land cover maps 
> comparable maps (i.e. same classification; preferably also same techniques)

• Aries uses ESA-CCI  data set as default for global (European Space Agency –
Copernicus Climate Initiative)

> 300 m resolution, 22 land cover classes
> 1992-2019 (ESA-CCI will continue until 2025)

• Overall accuracy: 70 % 

• New generation EO data has higher resolution (e.g. 10m), but:
> Shorter time series (e.g. 2017-2021)
> Few land cover classes (10 or so)

• At the moment we continue to use ESA CCI



Examples Ecosystem Extent



Example of ecosystem extent – South Africa



Example Brazil – SEEA and Goal A monitoring

Source: (IBGE 2020),  Ecosystem Accounts: Land Use in Brazilian Biomes 2000-2018

Ecosystem extent accounts 
in Brazil (2000-2018) • The ecosystem extent 

accounts (2000-2018), 
by biomes, show that 
Brazilian terrestrial 
biomes lost about 500 
thousand km² of their 
natural areas, due to 
conversion into 
modified areas such as 
land used for crops and 
grazing.



The higher absolute totals of
natural area reduction were

concentrated on the Amazônia and 
Cerrado biomes (86,2%)

20Source: (IBGE 2020),  Ecosystem Accounts: Land Use in Brazilian Biomes 2000-2018



Example: Ecosystem accounts in EU (1/3)

• In 2015, the EU launched a pilot project for an 
integrated system of ecosystem accounting, INCA

> Resulted in the compilation of extent, condition 
and ecosystem services accounts (Vysna et al., 
2021) 

• 2011 EU Directive on Environmental-economic 
accounts covers 6 modules

> Being expanded to include also ecosystems 
accounts; forest accounts and accounts for 
environmental subsidies + similar transfers



Source: EEA, 2015a, European ecosystem assessment: Concept, data, and implementation, EEA Technical 
Report No 6/2015, European Environment Agency

Ecosystem extent account (2/3)

• Built on Corine LC 
data, aggregated 
into 9 broad ETs



Extent example, cont. (3/3) 

• Some of the findings are:
> Urban ecosystems 

increased in extent by 
5.8% (2000 – 2018) At 
the expense of farmland 
and semi-natural 
ecosystem. 

> Changes in the extent of 
semi-natural ecosystem 
types are mostly smaller 
within the Natura 2000 
areas than outside. 



Ecosystem Condition accounts



Ecosystem condition

• Ecosystem condition: quality of an ecosystem measured in terms of its abiotic and biotic characteristics. 

• Condition is assessed wrt composition, structure and function which, in turn, underpin the integrity of the 
ecosystem, and support its capacity to supply ecosystem services on an ongoing basis. 

• Naturalness and intactness are sometimes also used to describe the distance of an ecosystem from an 
(undisturbed) reference.

• Measures of ecosystem condition may reflect multiple values and may be undertaken across a range of 
temporal and spatial scales.

• Condition accounts complement environmental monitoring systems by using data from different 
monitoring systems, for example concerning biodiversity, water quality and soil properties. 

• Key role is integrating data

• Ecosystem condition is often defined by measuring the similarity (or the distance) of a current ecosystem 
to a reference state, such as minimally impacted by people or a historical state



Condition accounts

• SEEA EA: a three-stage approach to account for ecosystem condition. 
> The move from one stage to the next requires a progressive building of data and the use of 

additional assumptions.
> Outputs at each stage are relevant for policy and decision making
> The primary spatial units are ecosystem assets and these are expected to be delineated such that 

they are reasonably homogeneous in terms of their main characteristics

• Ecosystem condition indicators are rescaled versions of ecosystem condition variables

• The simplest conversion uses two reference levels to reflect a high or low condition score. In this case, 
the indicator is calculated by a linear transformation shown in the formula below.

I = (V – VL) / (VH – VL)
where I is the value of the indicator, V is the value of the variable, VH is the high condition score and VL is the 
low condition score.





Variable account



Reference levels

• A reference level is the value of a variable at the reference condition, against which it is 
meaningful to compare past, present or future measured values of the variable

• A reference condition is the condition against which past, present and future 
ecosystem condition is compared to in order to measure relative change over time.

Possible reference conditions
Undisturbed or minimally-disturbed condition of an intact ecosystem. The condition of an ecosystem with 
maximal ecosystem integrity with no or minimal disturbance.
Historical condition: The condition of an ecosystem at some point or period in its history that is considered to 
represent the stable natural state (e.g., the pre-industrial period or pre-intensive agriculture).
Least-disturbed condition: the currently best available condition of an ecosystem.
Contemporary condition: The condition of an ecosystem at a certain point or period in its recent history for 
which comparable data are available.



Indicator account



Condition index



Condition index - alternative



Multiple ecosystem types





Examples Ecosystem Condition



EU: Forest condition variable account
• Some findings:

> Forest pollution levels 
are declining across the 
EU28 but absolute 
levels of still very high 

> Forest productivity 
increased.  

> Pressures from climate 
change are increasing 
(evapotranspiration up; 
effective rainfall down

> Concerning trend is 
defoliation 

> Fragmentation  
remained virtually 
constant since 2010.

Source: Accounting for ecosystems and their services in the European Union INCA Final Report; Vysna et al 2021



Ecosystem condition account - EU
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2. CONDITIONS ACCOUNTS:The SEEA-EA condition is a metric that captures, through a set of key indicators, 

the state and functioning of the ecosystem in relation to both its ecological condition and its capacity to provide 

ecosystem services.

38

Experimental System of Ecosystem 
Accounts in Spain

Indicators used in the forest condition in Spain

Group Class Weigth Indicator Source Resolution 
(m)

Abiotic 
characteristics

Physical state
0,07 NDWI Landsat 30

0,07 Soil organic carbon Lucas 1000

Chemical state
0,07 Ozone (AOT40f) EEA 2000
0,07 Nitrogen Deposition (Critical Loads) EEA 5000

Biotic 
characteristics

Composition state
0,1 Forest bird richness MITERD 1000

0,1 Richness of forest flora MITERD 1000

Structural state 0,12 Tree cover Modis 250

Functional state
0,1 NDVI Landsat 30
0,08 Gross primary production Modis 500

Landscape 
characteristics

Landscape 
characteristics

0,12 Forest area density Guidos 50

0,1 Naturalness index Guidos 50
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2. CONDITIONS ACCOUNTS: results are presented in maps for forest ecosystems for different time 

periods between 2000-2015.

Experimental System of Ecosystem 
Accounts in Spain

20152000
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2. CONDITIONS ACCOUNTS: results are presented in accounting tables for forest ecosystems for 

different time periods between 2000-2015.

Experimental System of Ecosystem 
Accounts in Spain

Condition index by forest type

Forest Type 2000 2015 Change Forest Type 2000 2015 Change
Broad. Sclerophyllous Med. 0.536 0.561 0.025 Con. Atlantic 0.601 0.630 0.029

Broad. Continental Med. 0.556 0.565 0.009 Con. Alpine 0.735 0.730 -0.005
Broad. Mountain Med. 0.607 0.598 -0.009 Con. Insular 0.585 0.660 0.075

Broad. Atlantic 0.568 0.602 0.033 Mixed Sclerophyllous Med. 0.571 0.601 0.030
Broad. Alpine 0.661 0.693 0.032 Mixed Continental Med. 0.602 0.606 0.005
Broad. Insular 0.661 0.712 0.050 Mixed Mountain Med. 0.591 0.601 0.009

Con. Sclerophyllous Med. 0.546 0.573 0.027 Mixed Atlantic 0.580 0.616 0.036
Con. Continental Med. 0.593 0.596 0.003 Mixed Alpine 0.758 0.775 0.017
Con. Mountain Med. 0.609 0.606 -0.003 Mixed Insular 0.654 0.716 0.063



India – condition index (alt.)
Table 1: Condition accounts of Uttara Kannada (2005-2020) 

Districts  SEEA -EA 
Conditions 

Indica
tor 

Para
meter  

   Opening -2005 (%)  Closing - 2020  (%) 

 
  

 Weight High Med. Low High Med. Low 

Uttara Kannada Abiotic 
ecosystem 

Soil K 0.017 0.0 84.4 15.6 0.0 99.3 0.7 
  

Soil N 0.017 100.0 0.0 0.0 0.0 0.0 100.0 
P 0.017 0.0 0.0 100.0 37.6 62.4 0.0 
OC 0.017 0.0 72.4 27.6 0.0 100.0 0.0 
S 0.017 45.4 54.6 0.0 45.4 54.6 0.0 
Zn 0.017 0.0 85.8 14.2 0.0 100.0 0.0 
Fe 0.017 0.0 100.0 0.0 0.0 100.0 0.0 
B 0.017 0.0 0.0 100.0 0.0 0.0 100.0 
Cu 0.017 0.0 99.3 0.7 0.0 99.3 0.7 
Mn 0.017 0.0 100.0 0.0 0.0 100.0 0.0 
EC 0.017 100.0 0.0 0.0 100.0 0.0 0.0 
pH 0.017 94.4 5.6 0.0 100.0 0.0 0.0 

Biotic - 
Compositional 
State 

Flora   0.05 87.8 5.5 6.7 73.1 5.5 21.4 
Fauna   0.05 56.3 11.0 32.7 46.9 11.0 42.1 

Biotic - 
Structural 
State 

AGB   0.05 46.2 35.2 18.6 33.1 42.1 24.8 

BGB   0.05 46.2 35.2 18.6 33.1 42.1 24.8 

Biotic - 
Functional 
State 

NPP   0.10 32.4 55.2 12.4 1.4 84.8 13.8 

Landscape 
Level 

Fragmentation 0.25 55.0 10.8 34.2 45.8 13.5 40.8 
LST   0.25 20.6 53.2 26.2 0.6 69.9 29.6 

Ecosystem condition Account   Index 1.00 39.6 35.9 24.5 25.8 46.3 28.0 

Note: N: Nitrogen, P: Phosphorous, K: Potash, OC: Organic Carbon, Zn: Zinc, Fe: Iron, B: Boron, Cu: Copper, Mn: 
Manganese, S: Sulphur, EC: Electrical conductivity, AGB: Above ground biomass, BGB: Below ground Biomass, NPP: Net 
Primary Productivity, LST: Land Surface Temperature  

 
 

 

• NCAVES project: 
> Uttrara Kanada district

• Integrates 20 different variables

> multiple soil characteristics such as organic 
carbon, nitrogen, pH; 

> status of flora and fauna in terms of endangered 
species; 

> structural state variables such as above and 
belowground biomass; 

> net primary productivity as key measure for 
functional status; 

> land surface temperature and forest 
fragmentation 

• Each of these variables were assessed using spatial data 
and models


