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Why account for land and ecosystem 
extent?

•Answers wide range of policy questions→ from urban 

planning, to conservation and beyond

•Land and ecosystem accounts can inform multiple 

(inter)national initiatives

•Post-2020 Global Biodiversity Framework

>E.g. Goal A: Integrity of all ecosystems is enhanced, increase in 

area of natural ecosystems

•Sustainable Development Goals

>E.g. 15.3.1: Proportion of land that is degraded over total land 

area



Land accounts



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

• Interim land cover classification 
based on FAO Land Cover 
Classification System

• Often misinterpreted or combined 
with land use



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

• Accounts include land in use (human 
intervention) and land not in use

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

> Often aligns with scope of economic 
activity, but not always

> If multiple uses, go with 
primary/dominant use



Land account: basic form

• Land cover

> Managed→ due to human activity

> Natural→ resulting from natural processes

> Reappraisals→ reflect changes due to use of updated information (e.g. 
new satellite imagery)



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



Land account change matrix: example India

• Important to remember: these are NET changes/conversions!

Source: India Policy Brief 2021



Ecosystem accounts



Conceptual Framework



Ecosystem accounts





Ecosystem extent accounts



Linking land cover and ecosystem accounting

• Both are spatially explicit

• Land accounts, particularly land cover, are a basis for ecosystem 
accounting

• For terrestrial and freshwater areas, should be a reasonable 
concordance between land cover and ecosystem extent

• But key differences between land cover and ecosystems

> Definition of ecosystems in SEEA EA: a dynamic complex of plant, 
animal and micro-organism communities and their non-living 
environment interacting as a functional unit

> vs. definition of land cover: the observed physical and biological cover 
of the Earth’s surface and includes natural vegetation and abiotic (non-
living) surfaces



Land accounts vs ecosystem extent accounts

• 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 > 18 C = tropical forest

• IUCN GET (Global Ecosystem Typology) as reference classification of 

SEEA EA

> Hierarchical

> Ecosystems represented by ecosystem functional groups 

> Ecosystem functional groups: group of related ecosystems within a 

biome that share common ecological drivers, which in turn promote 

similar biotic traits that characterise the group. Derived from the top-

down by subdivision of biomes.



Ecosystem types

• 6 levels – accounts are 

compiled at 3rd level of 

Ecosystem Functional 

Groups (EFGs)

• Realms (terrestrial) ->  

biomes (tropical forest) -

>  Ecosystem Functional 

Groups (EFGs) -> 

montane tropical forest

• 110 EFGs

> 34 terrestrial

> 22 freshwater

> 24 marine

> 3 subterranean

> 27 in transitional 

realm

• 15 of 110 are 

anthropogenic



Ecosystem types https://global-ecosystems.org/explore

• Probabilistic maps with major and minor occurrences

• Can show if an ecosystem is likely found in your 

country

• Description of ecosystem properties, ecological drivers, 

global distribution



Integrating local classifications 
into the GET framework

Scaling up & scaling down
• Level 6 –placeholder for established 

national/subnational/regional classifications

• Established national-regional classifications

• Built from local evidence base – reliable and 
country-owned

• Often integrated into policy & decision-making

• But not internationally comparable

• Each Level 6 unit can be assigned to an EFG (Level 3) 
by matching its functional features (e.g. key drivers 
and traits)

Source: Nicholson, E, et. Al. (2022), Presentation on Forests in the IUCN Global 
Ecosystem Typology at the SEEA EA Forest Working Group meeting



Ecosystem extent account

Source: SEEA EA 
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Ecosystem extent account – change matrix

Source: SEEA EA 



Compiling extent accounts

• Maps based on ecological ground-truthing 

would be ideal, but probably not 

practical/feasible

• Model extent on the basis of a multi-

dimensional look-up table

> Inputs: land cover map, digital elevation 

model, temperature and landforms, etc.

⁻ Time series of land cover maps 

⁻ Comparable maps (i.e. same 

classification; preferably also same 

techniques)

> Model derives which ecosystem type is 

to be found, where.

Temperature

Elevation

Landforms

Aridity

Land cover



Compiling extent accounts 

• Land cover

> Grey = tree-covered area

> Green = non tree-covered area

• Temperature

> Yellow = annual mean temperature > 18 C

> Pink = annual mean temperature <= 18 C

• Aridity

> Red = aridity index >.65 (moist)

> Orange = aridity index <= .65 (dry)

• Elevation

> Purple = elevation < 300m

> Blue = elevation >= 300m

• Hot, humid, elevated forest

> T1.3 Tropical/subtropical 

montane rainforests 

• Hot, humid, low-lying forest

> T1.1 Tropical/subtropical 

lowland rainforests 

• Temperate, humid, low-lying forest

> T2.5 Temperate pyric humid 

forests 

• Temperate, dry, elevated forest

> T2.6 Temperate pyric 

sclerophyll forests and 

woodlands

• Combining maps--simple example for illustration purposes only!



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 cover

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 
temp. (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 rainforestForest > 0.65 > 18 mountain all



Steps in compiling ecosystem extent accounts

• Design of classification process –what are defining characteristics?

• Selecting input data

• Pre-processing

• Classification

• Post-processing, quality assurance

• Crosswalk map/table to the IUCN Global Ecosystem Typology



Compiling extent accounts

• Combining different maps and using a multi-dimensional lookup table has advantages and challenges

> Advantages:

⁻ Many countries do not have ecosystem maps and this allows you to model ecosystem types in 

a simple way

⁻ Input maps are often readily available (e.g. temperature, elevation, etc)

⁻ Can use global tools such as ARIES as a starting point

> Challenges

⁻ Global tools such as ARIES use models which may not be accurate in every situation; current 

model does not include all possible EFGs yet

⁻ Will need to specify national thresholds/parameters

⁻ Can be computationally demanding at high resolution



Compiling extent accounts

• Alternative method: derive extent based on existing ecosystem type map

• Historic biomes 

> Overlay static ecosystem type map with dynamic land cover data

> See where natural ecosystems → anthropogenic systems  /// see additions in extent due to 

restoration

• Need authoritative ecosystem map (can be vegetation map) / preferably cross-walked to IUCN GET

• Synergies with Red List of Ecosystem Assessments (current distribution of ecosystems compared to 

historic distribution)

• May be easier approach if you have an authoritative ecosystem map



Example South Africa



Additional examples - ecosystem extent



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%)

35Source: (IBGE 2020),  Ecosystem Accounts: Land Use in Brazilian Biomes 2000-2018



Example: ecosystem extent 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 protected areas 

than outside. 


