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EEA/AIR3/JLW

Copenhagen 11 November 2004
Update and extension of land cover change accounts: a nested approach

Definition of a European strategy

& possible implementation at the global level
	Executive summary:

· Land accounts are currently being produced at the EEA on the basis of Corine land cover 1990-2000. They inform on land cover change and frame the consistent assessment of socio-economic land use and ecosystems condition.

· ENVISAT/MERIS produces images that can be tested in view of their use for updating (semi-aggregated) land accounts in Europe every 2 to 3 years, in-between CLC programmes (currently every 10 years); the use of MERIS for land accounting could be a GMES service.

· The GLOBCOVER project (steered by ESA & JRC) will update for 2005 the Global Land Cover map using ENVISAT/MERIS; the EEA will participate for Europe.

· GLOBCOVER 2005 is an opportunity to start land accounts at the Global level; the proposal, made at the 1st meeting of the Committee on environmental accounting convened jointly by UNEP and the UN Statistical Division and hosted by the EEA, 20-21 Sept 04 has met the interest of several countries and organisations. Assessment of international conventions and programmes on environment, climate change and sustainable development should be the first goal, with the Millennium Ecosystem Assessment or LUCC as examples.

· National case studies could be organised in order to test and adapt a nested approach of land cover accounting at the macro GLOBCOVER scale, the meso (CLC type) scale for specific regions and the local scale for cities.

· Global land accounts could be a GMES proposal to GEO, e.g. for the Earth Observation Summit-III, Brussels, February 16, 2005



1. Assessing land cover change in Europe

The assessment of land cover change in Europe is based on Corine land cover 1990 & 2000, carried out from high resolution satellites (Landsat and Spot families) with the same methodology for 30 countries. GIS tools and environmental accounting methodologies are presently used to deliver a range of information useful for assessing the natural potentials of European landscapes as well as of impacts of human activities on nature and support the environmental, land planning and sector policies when they relate to territories. The information produced combines statistical analysis of composition, visual examination of maps, analysis of configurations. Due to its exhaustive and continuous character as well its multi-thematic nature, land cover is candidate for contributing as a baseline layer in structuring spatially referenced datasets on social & economic land use as well as ecosystems and their mutual interactions. 

The particular value of Corine land cover comes from the merging of a top-down European vision summarized in a standard methodology (single detailed nomenclature, precise definition of geographical objects and scale) and a systematic implementation at the national level (national teams, national co-funding with EC). It results in a broad ownership of the product as well as in its wide dissemination and use. The success was made possible by the strong management of the project by the EEA and its ETCTE, including training and quality control that guaranteed the comparability over space as well as the stability over time, essential for monitoring change. The counterpart of this approach is the burden of preparatory institutional work (and the time spent) necessary to bring partners together, which makes it foreseeable, in the present configuration, an update of CLC every 10 years. Due to the importance of land cover information for policymaking, this time lag of 10 years too long.  

One possibility to overcome the difficulty could be a decision (by the Commission) of financing more frequent CLC inventories. Another possibility is to combine the basic CLC approach with other land cover assessments in order to keep the overall consistency altogether with timeliness of information. This suggests a nested approach where baseline decadal land cover change monitoring with Corine land cover should be supplemented altogether with:

· more frequent and specific inventories at more detailed scales for mapping and accounting for change in priority policy areas such as cities, designated areas for natural conservation, coastal zones, blackspots and other areas under stress. This is already on the GMES agenda.

· more frequent (e.g. every 3 to 5 years) but less detailed land cover change monitoring, for quick updates of land accounts in between 2 CLC decadal baseline maps. This possibility is now open with the GLOBCOVER2005 project of the European Space Agency and EC Joint Research Centre.

2. Economic-Environmental Accounting

On the methodological ground, the interest for land cover change meets the current development of economic-environmental accounting (see UN - SEEA 2003) as an approach to sustainability assessments. 

Environmental accounts aim at measuring the contribution of the natural capital to human well being as well as the present and future costs (losses in material and services) resulting from the current overuse as resource, space or sink.  Economic-environmental accounts supplement the conventional evaluations of the national product (GDP), income and wealth based on market transactions with assessments of environmental costs and benefits. Accounts in physical and monetary units measure of the contribution of natural assets to the:

· production of economic commodities

· supply of non-market services to the people

· costs resulting from the overuse of natural assets, underground reserves as well as living stocks and ecosystems that make their (re-)production possible. 

On the economic side, environmental accounts do an extensive use of statistics on companies, government services and households.

Ecosystems being unique by their composition and location as well as fulfilling multiple functions, the type of assessment ambitioned by environmental accounting cannot be based on statistics only. Instead, they need to integrate the knowledge of the real conditions where conflicting uses result in dysfunctions and losses of potentials and options. 

Land cover accounts, as structuring and integrating component of land use and ecosystem assessments, play therefore a particular role. 

Land cover accounts interpret land cover changes and convert them (group them) in flows that explicit the processes, driven either by human activities or by natural conditions, that take place. They measure on the one hand the consumption of land cover of the initial year and, on the other hand, the formation of new land covers. The nomenclature of flows built on Corine land cover for Europe has 9 top level groups, 37 seven classes at level 2 and 24 additional subdivisions at level 3 (the most detailed list being of 51 items). 

Land cover flows are subsequently linked to the social and economic processes that have generated them in land use accounts that analyse functions such as housing, transport, food production, forestry, tourism and recreation… In land use accounts, data on surfaces are supplemented with data on other variables, including in monetary terms.

Land cover accounts are as well interpreted as one group of stress factors on ecosystems, in the third dimension of the framework, so-called ecosystem accounts. In ecosystem accounts, data on surfaces and spatial patterns are supplemented with data on fauna & flora, nutrient cycling and pollution. 

The land and ecosystem accounting framework creates novel statistics that help describing the interactions between human activities and their environment, taking into consideration the place where things happen and possible conflicts. 

3. GLOBCOVER2005 & MERIS

GLOBCOVER2005, the global land cover map that will be produced by the European Space Agency with the technical support of JRC (and EEA for the quality control of the European map) can be considered as a continuation of the Global Land Cover Map 2000. However, GLOBCOVER2005 will differ substantially due to the use of the ENVISAT/MERIS instrument instead of VEGETATION. VEGETATION (as well as the NOAA-HVHRR used for the USGS map), monitors pixels of 1 x 1 km. It is designed for observing intra-annual phenology (therefore its name) and gives a relevant broad-brush picture of the global land cover. But its resolution is not adapted for monitoring land cover change processes driven by land use. Similar conclusions came from the USGS map and the unsuccessful attempt (namely in PELCOM) to use this information for updating CLC results. 

MERIS resolution, instead, is of 300m x 300m, making it possible to monitor land cover change. JRC and EEA have agreed to test this possibility for Europe in the context of GLOBCOVER2005. 

Let's be clear, MERIS resolution doesn't match for mapping CLC at the 1/100 000 scale. But MERIS density of information may meet land accounts requirements, in particular when focussing on the main land cover flows. As a comparison, CLC was designed and tested in several countries with Landsat MSS (80m x 80 m resolution).  It means that the CLC 25 ha minimum mapping unit means ~40 MSS pixels vs. 3 MERIS pixels. Considering the minimum change, the comparison will be between 5 hectares in CLC2000 and 9 ha of a MERIS pixel, a cluster of pixels being more likely necessary for a valid interpretation. Small change will be certainly underestimated to a large extent. However, considering the land accounts grid of 3 x 3 km, in principle up to 180 CLC change features of 5 ha can be counted against 100 MERIS pixels.  This gives an idea of the possible loss of information due to resolution, in particular related to small change. Note that the multi-date capacities of MERIS are expected to help (e.g. for the uneasy distinction of crops from pasture) and will compensate to some extent gaps due to resolution.

4. CLC/GLC: Only limited adjustments of classification are necessary for capturing main land cover change

Another potential loss of information may relate to classification. The Global land cover map nomenclature, derived from the FAO/UNEP LCCS (land cover classification system) needs to be adapted. The LCCS aims at giving common rules for classifying land cover in due respect to specific conditions. The current application of LCCS in GLC2000 defines top categories and options (relevant at the regional level). For the top categories the focus is put, as in IGBP MODIS map, on attributes of natural/semi-natural vegetation cover. Instead, anthropogenic land cover types involved in conversions are not enough detailed and important amounts of change turning to be described as “internal rotations” would not be accounted for. 

Minimising the diagonal effect

On the basis of available results of CLC1990-2000, an analysis of the effect over the total amount of change recorded in the detailed matrix due to the aggregation of the land cover nomenclature has been carried out for 4 countries; a “diagonal effect” (changes falling in the diagonal of the matrix, meaning no change within a consolidated group) has been measured for several options. Aggregated matrixes of change with as little add-ins to the diagonal (no-change) has been produced and then compared to the GLC2000 classification. The conclusion is that adjustments of nomenclature are necessary but very limited in scope:

· Internal conversions in agriculture are the main issue. The main conversions are between:

· Crops and pasture; they are important indices of intensification/ extensification processes. Therefore, pasture, when they are not part of mosaics, should be systematically identified as a separate class (presently as a sub-class only of “herbaceous cover”).

· Conversions between arable land and permanent crops are important in Europe when considering vineyard/orchards and olive groves in the Mediterranean; decision to be taken on the feasibility of this distinction at the world level.

· Within arable land, conversions between non-irrigated arable land, irrigated perimeters and rice fields makes sense for Europe; decision to be taken on the feasibility of this distinction at the world level. 

· Cultivated forest plantations, implicitly in forests in Corine land cover should be isolated in order to facilitate their reclassification. 

· Internal conversions between artificial areas types. The distinction between urban fabric (mainly residential and services) on the one hand and trade, industrial, mining, dumpsite and construction areas, on the other hand, could be done for analytical purpose as well as for monitoring conversions to and from construction areas; however, the bias in assessing urban sprawl is limited when the distinction is not made (also difficult with automatic classification).

· Cross classification of shrubs/ scrubs in CLC (323 and 324) and GLC2000 / GLOBCOVER2005 needs to be examined, in particular considering transitional woodland generated by recent felling and plantations. The issue relates to the presentation of results (standing forest vs. forest territory), but not to the amount of change. 

· Distinction between grassland/ heath land that can be grazed and higher vegetation (sclerophylous vegetation and other scrubs not appropriate as grazing land) could be considered.

· Savannahs and mangroves, which do not exist in Europe, can simply be introduced in the classification, the land accounts being adjusted accordingly.

With these limited adjustments, the loss in land cover change due to aggregation is (with the exception of internal conversions in agriculture) minimized. 

With these adjustments, circa 20 types of land cover change processes can be explicitly described by land accounting (see annex 1).

5. European project: Land Cover Accounts Update

Fast track updates

The idea is to maximise synergies between CLC and GLOBCOVER/Europe. The work plan could be:

· First, match CLC-based accounts with MERIS-based accounts for test areas for a reference year as close as possible to CLC2000 – MERIS images being available form 2002); identify bias, quantify the gaps and possible solutions for statistical adjustments of land accounts (estimations, data modelling or mere taking stock of gaps).

· Then track change with MERIS only, assessing directly the flows of land cover in the 3 x 3 km grid used for land accounting, without updating the original CLC map. This could happen on a 3 years basis.

· Periodically (every 10 years) revise land accounts series for rectifying statistical series. This could be done with Corine land cover updates.

[N.B. This way of doing is similar to what is currently done with the economic national accounts where quarterly assessments of the GDP are carried out from the annual accounts on the basis of partial indices and econometric modelling; these annual accounts are established and published in the months following the end of the accounting year, therefore using incomplete statistics. They are revised periodically (generally) every 10 years in order to consolidate the whole system on a strong statistical basis].

GLOBCOVER2005 will be launched in January 2005 for 2 years, first results being available in the second half of 2006. 

In 2005, the EEA should test, with the support of JRC, the matching/mismatching of CLC and a GLOBCOVER type classification on 2002 images for selected case studies. Bias between land cover changes computed from medium-resolution and high-resolution (CLC) satellite images will be assessed. The feasibility study will fix the possible adjustments in the land cover flows classification of the Land Accounts project.

Updated land accounts with will be produced from end 2006. A revision of the accounts on the basis of CLC will be carried out every 10 years.

6. Land cover/ land use accounts for cities

In parallel, the EEA will develop and test a model of land cover/land use account at the city level. This activity will benefit of the GMES context, using outcomes from pre-operational services. 

The implementation of detailed (based on 1/50 to 1/25000 scale land cover maps) accounts for urban areas/cities will be carried out in a decentralised way, according to the needs of urban planners. 

At the same time, linkages will be established with 1/100000 level through the analysis of urban morphological zones and population data re-assigned to urban land cover. The purpose is to clarify, starting from the analysis of urban shapes and population densities, what means the compact city model in favour in land & urban planning, what are the urban development phases and finally, to make comparable and interpretable a range of urban indicators. These indicators on “greenfields”, transport, time budgets, access to services, noise, exposure to pollution… need to be specific to local uses as much as comparable, at least between cities with similar conditions.

The EEA will provide only basic features for facilitating comparisons and networking of cities in appropriate policy contexts. CLC level accounts will operate as contextual information on:

· the rural and/or natural neighbourhood of the cities

· environmental trends and 

· policy objectives to be considered in an integrated urban policy perspective.
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7. International project: land cover change accounts built on GLOBCOVER2005

The nested approach of land cover change assessment developed for European purposes can be extrapolated to other geographical conditions. Corine land cover (CLC) inventory is well adapted for the mosaic landscape patterns that are very frequent in Europe and similar patterns elsewhere. When landscape patterns are more continuous and uniform, a lower resolution may be sufficient for baseline monitoring of land cover change and land accounts. And in the same way, the high resolution monitoring of urban areas needed for urban planning can be efficiently supplemented by an assessment of cities’ environment with a lower resolution (e.g., that of CLC).

Considering regional and global assessments, comparable land cover change information is needed for measuring anthropogenic impacts on landscapes, potentials and sustainability of the natural capital, viability of ecosystems and continuity of ecosystem services, impacts of climate change. Potential users of worldwide assessment of land cover change are programmes integrating socio-economic and biodiversity dimensions such as the Millennium Ecosystem Assessment or IGBP/IHDP Land Use & Cover Changes (LUCC), as well as UN bodies in charge of implementing and monitoring the international Conventions on environment, climate change and sustainable development. 

Up to now, the attention has focussed on 

· broad brush mapping of large ecosystems (e.g. GLC2000), 

· on regional programmes (e.g. CLC)

· on national programmes or 

· on specific thematic issues. 

In many instances, the change issue, starting with the impacts of land use,  has just been partly addressed, if not at all. This is a serious limitation for the implementation of the international programmes mentioned previously as well as to regional cooperations.

However, a multi-thematic monitoring of land cover change is now possible: 

· technically because of the existence of medium-resolution sensors (RESURS, MODIS, MERIS), which allow both observing main land cover change and observing them at the global scale

· politically, because of the willingness to integrating biodiversity and socio-economic development issues for assessing potentials of and risks to the natural capital. 

8. Computing land cover accounts from the GLOBCOVER map

Computing land cover accounts from the GLOBCOVER map for 2005 and subsequent years is possible with only limited adjustments to the nomenclature established according to the principles of the LCCS of FAO/UNEP. These adjustments are justified by the interest of identifying some main anthropogenic change in a standardised way, just a step ahead of the 8 classes of the so-called “dichotomous phase” of LCCS. 

The analysis carried out for the updating of the CLC based land accounts in Europe is a relevant starting point for building up such a nomenclature fulfilling the needs of change assessment and allowing the production of worldwide land cover accounts based on GLOBCOVER/MERIS. Consultation of experts involved in pilot projects for implementing CLC out of Europe (e.g. Tunisia, Morocco, French Guadeloupe, Central American countries, Colombia, Burkina Faso…) confirm the view that only a very limited number of items need to be added for capturing the main changes. 

Case studies

Case studies can be carried out in parallel to GLOBCOVER. The purpose would be to:

· Familiarise users with the methodology and the uses of the outcomes. 

· Validate methodological choices, in particular related to land accounts nomenclature

· Design national programmes based on the 3 levels nested approach 

· Prepare worldwide systematic implementation of the global level accounts with GLOBCOVER2005 update

Candidate countries would act as users of land cover change accounts and contributors to the production of these accounts. It means that

· within countries some linkage is established between 3 groups of partners (one of each per group at least):

· Land cover change monitoring: space agencies, remote sensing centres, mapping agencies, environment agencies (when in charge of…)

· Environmental accounts: statistical offices, environment agencies (when in charge of…)

· Users: departments of environment, natural resource, agriculture, land planning, environment agencies

· the general test will be an application of GLOBCOVER, on one zone to be defined

· Backdating of the GLOBCOVER map 2005 with 2002 MERIS images and production of pilot accounts

· Production of a 1/100000 CLC type map, minimum with the aggregated nomenclature, possible additional subdivisions according to national interest

· Optional applications can be considered as for:

· The city level (1/25000 to 1/50000 scales) and an extension of land cover accounts towards urban land use

· Historical change at the GLOBCOVER scale (e.g. from 1990) or/ and at the CLC scale, using archive images

Annex 1: Simplified nomenclature of land cover flows (draft)

Land cover flows group the elementary changes in land cover in processes driven either by human activities or by natural conditions. Land cover flows measure on the one hand the consumption of land cover of the initial year and, on the other hand, the formation of new land covers. In (brackets, ital) are optional items

Urban sprawl

Urban residential sprawl

Sprawl of economic sites and infrastructures

Agriculture internal conversions

Extension of set aside fallow land and pasture

Conversion from pasture to arable and permanent crops

(Conversion arable land / permanent irrigation perimeters and rice fields)

Conversion from permanent crops to arable land

(Conversion from vineyards and orchards to arable land)

(Conversion from olive groves to arable land)

Conversion from arable land to permanent crops

(Conversion from arable land to vineyards and orchards)

(Conversion from arable land to olive groves)

Extension of agro-forestry

Conversions of land to agriculture

Conversion from forest to agriculture

Conversion from dry semi-natural & natural and to agriculture

Conversion from wetlands to agriculture

Conversion from developed areas to agriculture

Withdrawal of farming 

Withdrawal of farming with woodland creation

Withdrawal of farming without significant woodland creation

Forests creation and management

Conversion from transitional woodland to forest

Forest creation, forestation

Forests internal conversions

Recent felling and transition

Water bodies creation and management

Changes of Land Cover due to natural and multiple causes
Semi-natural creation from agriculture or forest land

Semi-natural rotation

Forests and shrubs fires

Coastal erosion

Change in permanent snow & glaciers cover 

Other changes and unknown

Annex 2:  Correspondence between LCCS/GLC classification and a possible aggregation of the land cover nomenclature used for land accounting – draft
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Annex 3: Example of analysis of the “diagonal effect” (loss of information on change) resulting from various levels of aggregation of the detailed matrix of land cover change

NB: CLC nomenclature is hierarchical, with 1, 2 & 3 digits codes. On the table below, 6 digits mean grouping of 2 elementary classes. Nested levels of aggregation increase from light grey to dark grey and dark blue and the diagonal values from yellow to bright red and bordeaux red.

[image: image3.png]Country : IT Italy

Period 1990 - 2000
Nb years: 10

Region (s) : All

Elevation breakdown (s) : All

Dominant Land Cover Type (s) : All

River basin (s) : All

Distance to shoreline (s) : All

CLC90 source : CLCS0 reviewed

--> FINAL Data

Effects of aggregation (diagonal with aggregated values only)

LC2000

111112 12813

LC1990

111112

12813

141142
1

22
241
2A
231
242,34
2B
31
324
3A
321322
323
3B
3C
4
5

141142

1
6602

2255 1151 6602

2017
1476

4393 281
1209 1209 1045
7947 14471 6778
1489 1489 150
4828 262 5080 3597
6317 252 6569 3747
1020 1020 40
19 19
1039 1039 40
pri) pri)
209 209 5
2549 2549 5
25 25
49 49
37 37

6524

231

3A 321322

2129

2129

(]

668

668

247
7089
3612 62
20327 133
195
8726 682
88454 125
97180 808
20142 559
4352
24494 623
1985 762

41 77

474

474
2119

2119
8

443
451
39
2609
26
31327
31353
3796
1280
5077
15182

63

15182
7

39

Relative loss of observed change due
to aggregation (%)

2

64

Diagonal effect of aggregation

Non consolidated change 2000 (+)
cledd

Non consolidated clc44 diagonal (no

change)

50438

1030730

Grand Total 1081168

Major diagonal effects (hidden changes)

Italy

33267

286329

319596

1607

85548

1345099

1430647

1

88
17984 6798 24781 10586 1925 12611 4584
8016786 273246 8290031 922077| 1245519 % PA (] 384367
8034769 280043 8314812 932663| 1247444 PAl-Lilg 388951

Artificial areas: 133 Construction to Urban fabtic and to Economic activities
Agriculture: 211 arable land to 213 rice fields and vice-versa
Agriculture: 2B, changes between mixed classes - uncertain
Forests 3A: few changes between forest types but important conversions via 324 (fellings and forest creation);
Semi-natural vegetation 3B creation of sclerophylous over natural grassland

Little or no vegetation 3C uncertain change

26526

41876

10841994

10883871

2340

445061

447401

37320

4280064

4317383

4540

39660

4726125

4764784

104712

7788269

7892981

97180

46471 151184 95563

916908 8705176 1674156

963379 8856360 1683709

54741

954716

1009457

25

158056

64204

2628872

2693166

m

8715

1062035

1070749

2693

906991

909585

Relative
loss of
observed
change
due to
aggregatio
n (%)

Diagonal
effect of
aggregatio
n

1607

Non- Non
consolidated |consolidated
change from | cled4
1990 (), |diagonal (no
cledd change)

:73 1030730

2810 286329

23 28040

2915 1345099

85689 8016786
o0l zmouie)
3004 8290031

922077

Grand Total

1030812
289139
28063
1348014
8102474
276250
8378724
932270

1245519
2167596
384367
10841994
445061
4280064
4725125
7788269
916908
8705176
1674156
954716
47184 2628872
3988 1062035
676 68429
1821 906991

21643
8212
128742
10019
96364
106383
21494
91547
113042
39726
7457

1256969
2189239
392680
10960543
455080
4376428
4831508
7809763
1008455
16627981
1713883
962174
2676056
1066023
69104
908812

Grand Total

76346
14135
12795

102275
402069

402069

402069
3809068
541991
4351059
301237
213775
816250
163137

153137
50855
1300423
687739























[image: image4.wmf]_1161169685.ppt
1st meeting of the UN Committee on Economic-Environmental Accounting, Copenhagen  20-21 September 2004






Multiple-scales 

nested land cover accounts
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