EEA Consultancy Report for “What If?” Land Use Modelling
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What did we want to achieve?

The specific purpose of the project was to practically demonstrate the potential of using existing land cover datasets held within the EEA for scenario-based modelling. This project focused on the development of two primary scenarios:

· Modelling potential agrifuel developments in Europe and their effects on land use and ecosystems
· Modelling urban intensification and the potential effects on Green Background Landscape Index (GBLI) and ecosystems in Europe

A number of key requirements for the project were specified by management:

1. The demonstration should focus on the use of simple tools within GIS methodologies in order to produce transparent outputs which can be clearly deconstructed to the original datasets used

2. Land use modelling for scenario development shall be conducted at the European scale  and therefore modelling will be based around the use of existing data with underlying assumptions, rather than country-specific local knowledge and information
3. The development of scientifically sound predictive modelling is not the focus of the project, but rather a demonstration of the LEAC data in this context and an evaluation of its prospective strengths and weaknesses in land use modelling is required
Methodology
Modelling potential agrifuel developments in Europe and their effects on land use and ecosystems

1. Corilis 2000 raster data can be displayed to show the relative intensity of pastures (cb1) and mosaic farmland (cb2) across Europe (see LEAC presentation slide 4). In order to visualise both datasets together map algebra tool was employed in Arc Toolbox to combine the attributes of both datasets (x = b1 + b2). 
2. Broad-scale Intensive agricultural land was determined to be of high value when considering potential agrofuel developments. Therefore it was deemed useful to model linear intensification of intensive agricultural land (see slides 5 – 7). Map algebra was used to model changes in the relative intensity of intensive agriculture (C2a) according to potential increases in the demand for agrifuel crop production. Three realistic levels of intensification were considered:
· Calculation of intensive agriculture + 5% (x = C2a*1.05)

· Calculation of intensive agriculture + 10% (x = C2a*1.1)
· Calculation of intensive agriculture + 20% (x = C2a*1.2)

· Calculation of intensive agriculture + 50% (x = C2a*1.5) *This 50% increase in intensive agriculture was modelled purely to provide a visual contrast with the original dataset (C2a)

It is important to keep the index score of 100 as the maximum value attainable by the intensification process, and therefore class boundaries were set in such a manner as to not add value to pixels intensified above the 100 maximum. It had been determined that Intensification of agriculture should be linear across all regions with intensive agriculture index scores above a selected threshold value (17), so that areas which were obviously unsuited agricultural development would be excluded from the intensification process. This method was implemented in post-processing classification, where values (x > 17 + i) were excluded from the dataset.  
3. Map algebra was useful in determining the total amount of farmland across Europe available for conversion into agrofuel developments. This would be necessary information when quantifying the amount of land required for agrofuel conversion according to agrofuel production targets set by the EU. The map algebra tool was used to simulate the following:
x = C2a + (pastures + mosaics) – To show all available farmland

x = (C2a + 5%) + (pastures + mosaics) – Intensification of C2a
x = (C2a + 10%) + (pastures + mosaics) – Intensification of C2a
x = (C2a + 20%) + (pastures + mosaics) – Intensification of C2a

 x = (C2a + 50%) + (pastures + mosaics) – Intensification of C2a * This 50% increase in                               intensive agriculture was modelled purely to provide a visual contrast with the original dataset (C2a + pastures and mosaics)

The next element involved highlighting the amount of land required for agrofuel development according to three scenarios:
5% of all Agricultural land converted to biofuel plantations 
10% of all Agricultural land converted to biofuel plantations 
20% of all Agricultural land converted to biofuel plantations 
Areas with intensity values of 60% - 80% would be most likely for conversion (highlighted in blue – see slides 10 - 12). The method considers the lower threshold of 60% as the most appropriate for conversion, increasing to land with higher intensification values when the demand increases. 
During stages 2 and 3 all class boundaries were standardised to the original break values exhibited by the first calculation during the classification process (in this case arable + (pastures + mosaics)). This was done so that the actual changes occurring could be viewed, instead of the class boundaries changing which would cause the choropleth maps to produce misleading results. This method also ensured that simulated values higher than 100% were still grouped in the same group as the 100% value and hence did not skew the results, as specified by JLW.

4. The next stage of assessment involved modelling the relative polarity of the land across Europe to each farming type, in order to gauge areas which would be prone to agrofuel conversion (see slides 15 – 17). To do this the standard weighted difference was calculated between the farming land cover types by map algebra using the formula x = (a - b) * (a + b), where a = intensive agriculture, b = pastures and mosaics. Using the hypothesis that Agro-fuel development would most likely occur in areas not already intensely farmed, but which are suitable according to land cover type (50%-50% rule), potential agrofuel developments were identified from both Pastures and Mosaics and Intensive Agriculture, between the limits of +23%? (IA) and -23%? (PM) using the extract by attributes raster tool. Areas with no or very little polarity were also excluded from the analysis.
Note – The standard weighted difference was not only calculated for existing IA data but also for the predicted intensifications of 5%, 10% and 20%. However, using the assumptions and selection boundaries determined by the 50%-50% rule, the simulated intensification of farmland acted to push a majority of pixels out of the considered range. Therefore only the initial, static land cover data was used in the following analyses.

5. Once the most suitable areas had been identified by land cover type, the next stage of processing involved a multicriteria analysis, during which potential agrofuel areas would be filtered by other important land attributes. The first stage was to filter land by relief and dominant landscape type (DLT). This weighted overlay between DLT and relief was designed as a security measure to account for the smoothed nature of Corilis data, to remove any previously identified potential agrofuel sites in unfavourable locations. 
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Figure 1. Weighting factors applied to DLT and Relief in the Weighted Overlay procedure – not the 50% 50% influence of both factors
· Using the weighted overlay technique:
· DLT - Only Broad Pattern and Intense Agriculture (B1 – score 9) and Rural Mosaic and Pasture Landscape (B2 – score 8) are given consideration as areas in which Agrofuel development could occur
· Relief - Only Inlands (score 9) and Uplands (score 4) were given consideration
· Only potential conversion zones in areas which had a combination of both scoring factors were saved from elimination
In order to remove unsuitable conversion areas according to their topological relation to the weighted overlay, each 1km2 raster “potential conversion zone” (PCZ) was converted to vector point format using raster to point, and then the extract by mask feature was employed to extract only vector points in suitable locations (identified by the overlay).
6. The following stage of the multi-criteria analysis took the European Road Network into consideration, and the relative distances of PCZ’s to the transport network (see slides 24 – 25). The assumption to this method was that distance is important for factoring in unit cost estimation, as well as for quantifying the negative environmental impacts of the fuel source. Initially the select by location feature was used to create a new layer file from all vector PCZ’s within 50km or the European Road Network. Following this, the select by location tool was again employed to classify PCZ’s into 5 categories determining their distance from the road network.
7. Natura 2000 sites were taken into account because the intensification of land for agrofuel production would undoubtedly impact the environment. Firstly the select by location feature was used to filter out any PCZ’s within Natura 2000 sites, as well as removing sites within 1km proximity. The second potential was of processing the data was to calculate the number of (1km2 PCZ’s which fell inside each Natura2000 site, and classify the sites in this manner. This method involved a number of processes. Initially a new field was created in the PCZ’s attribute table called “count”. The field calculator was employed to add a count value of 1 to each PCF vector point. Next a spatial join was used to link this attribute table to the Natura 2000 polygon file. Summary statistics were selected to employ the sum function, which created a “sum count” field within the attribute table, detailing the number of PCZ’s in each Natura 2000 polygon. Natura 2000 sites were then classified by the number of PCZ’s within them, and also normalised by the area of each Natura 2000 site.
8. Arc Map can be used to generate statistics about the number of potential Agrofuel Areas at NUTS2/3 level. Using the same method as before to spatially link the databases of the PCZ’s vector points to the NUTS 2/3 regions polygons, they were subsequently classified according to the number of PCZ’s within them, and also normalized by area. 
Modelling urban intensification and the potential effects on Green Background Landscape Index (GBLI) and ecosystems in Europe

1. Arc Toolbox map algebra function was used to simulate urban intensification, by linearly increasing the C1a urban temperatures raster dataset by values of 3%, 5% and 10% (see slides 33 – 37). Urban intensification is only relevant in areas with a considerable level of urban land cover; therefore a cut off threshold value of (19%) was applied to the intensification process, with areas below that showing no increase. Once again it was important to consider 100% as the maximum attainable intensification level, therefore class boundaries were defined during classification so that values boosted to above 100% were visually confined to the 100% maximum 
2. The next stage of processing was to consider the effect of simulated urban intensification of the green background landscape index (GBLI) (see slides 39 – 43). After testing the method it was established that using the current colour classification for GBLI the change would hardly be noticeable, so the classification was changed in order to allow this visualisation to be clearer. Then map algebra was used to add the intensification effects (negative values of 3%, 5% and 10%) to urban areas above the threshold value of 19. 
3. It was considered important to be able to visualise the modelled change in GBLI which would occur within urban morphological zones (UMZ), as a way of indexing changes in quality of life for their inhabitants (see slides 45 – 48). Therefore the UMZ polygon layer was used as a mask to extract GBLI values, and the classification scheme was altered to allow for a clearer representation of the change occurring within UMZ’s at each level of urban intensification. 

4. Additionally to monitoring modelled changes in GBLI within UMZ’s it was deemed important to be able to quantify the number of Green Urban Areas inside them. To do this a number of processes were executed in Arc Toolbox. Firstly the GUA polygon files were added to the Europe base map. Then a count field was created in the GUA attribute table, and each count field was given a value of 1 using field calculator. A spatial join was then used with “sum” areas statistics to link the GUA attribute table to the UMZ attribute table. This data linkage preceded creation of the Green Urban Index (GUI), using the formula GUI = GUA + GBLI. Because the UMZ attribute table was already linked to the GBLI data within Urban Morphological Zones, this index was simple in creation. The index was standardised to 100 within field calculator, by dividing all values by the maximum score attained and multiplying by 100. GUI was then classified to unique values, so that urban morphological zones in Europe could be effectively ranked by their “Greenness”, factoring in the changes through simulated urban intensification to quantify which cities would be most affected.

Assumptions of the Method
Modelling potential agrifuel developments in Europe and their effects on land use and ecosystems

· For European scale modelling farmland intensification would be linear in areas of suitable agriculture, the rate of development would not be governed by local geography. Therefore intensification of agriculture would be linear across all regions above a selected threshold value (17). Regions lower than the threshold value would not be subjected to the intensification process.
· When considering quantities of land for conversion to intensive agriculture Areas with intensity values of 60% - 80% would be most likely for conversion (highlighted in blue). The method considers the lower threshold of 60% as the most appropriate for conversion, increasing to land with higher intensification values when the demand increases.
· When identifying polarity of the land to either intensive agriculture (C2a) or pastures (Cb1) and mosaics (Cb2), sites with little or no polarity are of no value when considering likely Agrofuel developments for reasons of land unsuitability. Forested areas were not for consideration in agrofuel land development because of their value in carbon storage. 
· Potential Agrofuel Conversion Zones were created suing the assumptions of the 50% 50% rule, using the hypothesis that Agro-fuel development would most likely occur in areas not already intensely farmed, but which are suitable according to land cover type. It is widely accepted that other hypothesis for the development of farmland exist, which could be tested. These include variation in CAP, supply and demand modelling etc.

· When conducting the weighted overlay technique it was assumed that all land outside the categories of agricultural land within inland and upland areas was inappropriate, so all potential agrofuel developments falling outside these classes were excluded from further analyses 
Modelling urban intensification and the potential effects on Green Background Landscape Index (GBLI) and ecosystems in Europe

· Urban intensification is only relevant in areas with a considerable level of urban land cover, therefore a cut off threshold value of (19%) was applied to the intensification process, with areas below that showing no increase
·  Once again it was important to consider 100% as the maximum attainable intensification level, therefore class boundaries were defined so that values boosted to above 100% were visually confined to the 100% maximum 
· When considering the effects of urban intensification on GBLI and GUA, the vector boundaries for UMZ’s remained fixed. In reality they would obviously change, spreading out and encompassing more land. Therefore it could be argued that with the introduction or urban sprawl the number of green areas would in fact increase per UMZ. More detailed analyses would be required using complex modelling techniques to ratify this assumption. 
Fulfilment of Goals

This modelling exercise highlighted the potential in using existing data to produce outputs which at the European scale can be of considerable value for policy makers looking for a large scale perspective to “what if” scenarios. The outputs were visually validated for several countries (France, U.K, Czech Republic, and Crete) by nationals and experts with local knowledge who found the results satisfactory.
Extensions to the Study

Modelling potential agrifuel developments in Europe and their effects on land use and ecosystems

· Exploration of potential bio fuel crop yields (metric tonnes per hectare) in terms of specific crop types 
·  Development of qualitative economic and policy driven scenarios (reform of CAP, Biomass Action Plan etc.) to semi-quantitatively model bio fuel crop demands/production
·  Exploration potential alternative options (Biomass, mixed farming, conservation) 
· When factoring in transport for unit cost estimation and negative environmental impacts of travel, it would be useful accessibility to markets and production plants such as bio-diesel and bio-ethanol plants. This would require a more complicated networking analysis model

· A detailed assessment in conjunction with river catchment data would be necessary in order to factor in the integrated the issues of water supply (inputs) and water pollution (outputs) of water in function of crops and farming systems. This would be required for environmental impact assessment (EIA) of fertiliser polluted surface runoff, and important when addressing crop irrigation (quantities of water required to grow crops). 
· Climate change is going to affect agriculture at all scales across Europe, and so agrofuel supply and demand scenarios should be linked with climate change data in order to assess the potential effects of this inescapable phenomena on the amount of agrofuel crop which could be produced per Hectare. Predicted rainfall and temperature data would be required for initial modelling. 
· Soil erosion plays a big part in agriculture, and would also be affected by climate change. The PESERA soil erosion data model should be integrated in analyses to see whether areas designated for farming intensification would lie near to or on top of areas with poor soil stability. 

· Changes in CAP are making ecological specialists nervous. With a shift towards agrofuel development, people now fear that farmers will be discouraged from setting aside fallow land, which is valuable for bird and small mammal species recently under threat. Therefore land use change data (farmland abandonment to set aside land) from 1990 – 2000 should be overlayed with identified potential agrofuel zones, to see how many of these areas lie on environmentally valuable set aside land.   

Modelling urban intensification and the potential effects on Green Background Landscape Index (GBLI) and ecosystems in Europe

· Urban intensification will not occur in a linear fashion in practice; especially taking sea level rise and climate change into account. Therefore urban intensification would be modelling with contextual river catchments data and a detailed DEM, so that areas falling in flood risk areas can be identified. 
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